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1 Introdu
tionEver sin
e the seminal work of Lu
as (1987) the 
osts of business 
y
les have been an importantresear
h question. Reviewing the literature Lu
as' (2003) preferred estimate remains 0.01% ofsteady state 
onsumption. This �nding suggests that there is little s
ope for (further) stabi-lization poli
y. Consequently, it has been 
hallenged on various grounds. In parti
ular, Kruselland Smith (1999) in an RBC framework with in
omplete markets show that workers in thelower part of the wealth distribution might be hit very di�erently by re
essions than the averageworker. Their model, like most models to date whi
h address the question, interprets a parti
-ular exogenously determined state as �unemployment�. In 
ontrast, in this paper we insist onunemployment �u
tuations to be generated endogenously. We develop a New Keynesian modelwith a ri
h set of real and monetary fri
tions. The model features equilibrium unemploymentand a simple 
hara
terization of in
omplete markets. We use the model to reassess the welfare
osts of business 
y
les in a su�
iently ri
h and empiri
ally tra
table framework.Closest to our paper is Costain and Reiter (2005b). They 
onstru
t a version of the Krusell andSmith RBC e
onomy with endogenous labor markets to study the trade-o� between e�
ien
yand optimal insuran
e. Costain and Reiter arrive at welfare 
osts of around 0.29% of steady state
onsumption. We instead develop a ri
her New Keynesian DSGE model similar to Smets andWouters (2003), but with Mortensen and Pissarides (1994) type sear
h and mat
hing fri
tionsin the labor market, that we 
an estimate on US data. New Keynesian DSGE models to datemostly abstra
t from the fun
tioning of the labor market, see for example the widely 
ited papersby Christiano, Ei
henbaum, and Evans (2005) and Smets and Wouters (2005). For generatingunemployment �u
tuations endogenously, we make use of an extensive literature whi
h startedwith Shimer's (2005) observation that the standard Mortensen-Pissarides framework would notmat
h business 
y
le �u
tuations in labor market variables. In parti
ular, Hall (2005), Costainand Reiter (2005a), Hagedorn and Manovskii (2006), and Jung (2006) provide me
hanisms thatallow the model to be 
onsistent with observed unemployment variability. For a survey andsome extensions of this literature see Mortensen and Nagypal (2006) and Hornstein, Krusell, andViolante (2005).Essentially, all these me
hanisms need to a
hieve a strongly pro-
y
li
al pro�t-share so that �rms'hiring a
tivity is also very mu
h pro
y
li
al. Within a Nash-bargaining framework this 
an be1



generated either by assuming an outside option of the worker whi
h is not mu
h 
orrelated withthe business 
y
le as in Hall and Milgrom (2007), or by a small mat
h surplus as in Jung (2006)or Hagedorn and Manovskii (2006). Alternatively, assumptions on the te
hnology pro
ess wouldsu�
e. For example, Costain and Reiter (2005a) amplify �u
tuations in pro�ts by assumingthat in booms better jobs are 
reated than in re
essions. In this paper we follow the �rst tworoutes. While the pre
ise me
hanism by whi
h these �u
tuations are indu
ed is not 
ru
ial for keymoments of labor market variables in the model, for the purpose of this paper the details matterto a great extent. Di�erent me
hanisms imply a di�erent value for a 
ru
ial feature of business
y
le 
osts: the surplus a worker obtains from being employed relative to being unemployed. Atthe one extreme, the bargaining setup developed in Jung (2006) and Hagedorn and Manovskii(2006) relies on a small mat
h surplus to generate the right degree of unemployment volatility.This leaves a worker almost indi�erent between unemployment and market work merely byassumption � with obvious 
onsequen
es for the ensuing 
osts of business 
y
les. We thereforeentertain also other me
hanisms whi
h generate unemployment �u
tuations but do not implysu
h a small mat
h surplus. In parti
ular, we show that a form of wage rigidity similar to theme
hanism in Hall and Milgrom (2007) generates the same aggregate behavior for unemploymentrates. Sin
e it does not rely on a low mat
h surplus, yet, this approa
h yields higher and arguablymore realisti
, welfare 
osts of business 
y
les. We use the alternative bargaining setups to tra
eout the dependen
e of the welfare 
osts of business 
y
les on the mat
h surplus.Our model entertains two groups of workers/
onsumers in order to assess the importan
e ofbusiness 
y
le �u
tuations for di�erent in
ome/wealth groups. One group of workers lives withina family stru
ture and is fully insured against idiosyn
rati
 risks.1 There is a se
ond groupof workers, who are liquidity-
onstrained. These workers/
onsumers in the model do not havea

ess to 
apital markets.2 This short-
ut allows us to derive a bargaining solution for risk-averse1 Under this assumption, workers are perfe
tly insured against short-falls of 
onsumption by a large �family�.The full insuran
e assumption follows den Haan, Ramey, and Watson (2000) and is used widely, e.g. in Trigari(2006), Christo�el, Kuester, and Linzert (2006) and Krause and Lubik (2005).2 In fa
t, we assume the absen
e of any storage te
hnology for this part of the population. One might 
onsiderthat these 
onsumers 
ould still save into 
ash or durable 
onsumption goods. In our view, omission of theseoptions is not detrimental to our approa
h. On the one hand, durable 
onsumption goods tend to be ratherilliquid and 
an thus hardly be used to smooth non-durable 
onsumption. Further, storing large amountsof 
ash literally under one's pillow would not 
onstitute a strikingly prudent savings strategy either � and
on�i
ts with the mi
ro eviden
e. On the other hand, our results might simply be interpreted as an upperfor the welfare 
osts of business 
y
les for low-skilled workers. Ia
oviello (2005) makes a similar distin
tionbetween savers and spenders (in Mankiw's, 2000, terminology). In his framework, a fra
tion of the households2



agents without having to resort to risk-neutrality, a 
omplete insuran
e or a union-bargainingassumption. As noted by many authors, e.g. Gruber (2001), a sizeable fra
tion of the labor for
edoes not have enough wealth to smooth out market-traded 
onsumption during an unemploymentspell despite the fa
t that unemployment spells tend to be short-lived in the US. In this paperwe use his lower bound estimate of 16% of the labor for
e as our estimate of the size of thisliquidity-
onstrained group.3 In the model, we asso
iate this group with lower-skilled agentswho in the data fa
e a signi�
ant unemployment risk. Sin
e in pra
ti
e, the 
omposition ofthe liquidity-
onstrained group may be varying over time so that not always the same set of
onsumers/workers is threatened by these 
onstraints, we view this assumption as giving as anupper-bound for the welfare 
osts of aggregate risk for this part of the population.The assumption of liquidity-
onstrained workers, even though introdu
ed in a stylized fashion,enables us to keep the model tra
table while still 
apturing the apparent empiri
al di�eren
esin �nan
ial wealth.4 An advantage of this stri
t formulation is that we 
an handle a ri
herstate spa
e and thus allow for more 
omplex (unemployment and aggregate) dynami
s than, say,Krusell and Smith (2002) or Costain and Reiter (2005b).We estimate the model using Bayesian te
hniques on six ma
roe
onomi
 time-series primarily toidentify the sho
k pro
esses whi
h are driving the model. To obtain good estimates of business
y
le 
osts it is ne
essary that the model is able to rather a

urately generate key properties ofUS data that either dire
tly in�uen
e utility, as is the 
ase for 
onsumption and hours worked,or whi
h 
on
ern the parti
ular risks we wish to be re�e
ted in the model e
onomy, whi
hin our model ne
essitates an a

urate des
ription of the labor market. Given that our modele
onomy works on a monthly time-s
ale, we show how to aggregate the model by treating monthlyobservations of the endogenous variables as latent while assuming that only the quarterly averagesis more impatient and thus ends up fa
ing a binding (albeit non-zero) borrowing 
onstraint in equilibrium.3 This is in line with other studies on the wealth distribution. Wol� (1998), for example, analyzes the Surveyof Consumer Finan
es in 1995. He �nds that 18.5% of households have zero or negative net worth, and that28.7% of households have zero or negative �nan
ial (liquid) wealth. In addition, �nan
ial wealth is highly
orrelated with labor in
ome. The households at the 40% (20%) lower end of the in
ome distribution holdan amount of �nan
ial wealth that would enable them to sustain their 
onsumption for an average of just 1month (0 months).4 Johnson, Parker, and Souleles (2005) use the pre-announ
ed 2001 U.S. tax rebates as a natural experiment.Examining answers to a set of questions in the Consumer Expenditure Survey dire
tly targeted at theserebates, they �nd signi�
ant eviden
e of di�erent spending behavior a
ross di�erent in
ome and wealth groups.Responses are mu
h larger for households with low liquid wealth or low in
ome, 
onsistent with liquidity
onstraints. 3



are observable to the e
onometri
ian. The estimated model reprodu
es the 
y
li
al behavior ofa
tual unemployment rates of the US, whi
h were not used in the estimation pro
edure. Insteadthe model 
an predi
t the entire time-path of unemployment rates almost perfe
tly withoutusing any sho
k designed to �t the series. In words, it generates unemployment �u
tuationsendogenously.1.1 Relation to the literatureIn his by now 
lassi
 arti
le Lu
as (1987) argues that the 
osts of business 
y
les are small. Sin
ethen many resear
hers have tried to 
he
k the robustness of Lu
as' arguments with respe
t to avariety of 
hanges in his basi
 assumptions, see Barlevy (2005) for a re
ent survey. A promisingdire
tion was the introdu
tion of idiosyn
rati
 risk, see Imrohoroglu (1989), and pioneered withendogenous equilibrium pri
es by Krusell and Smith (1999). The latter authors show that partsof the population or even the average 
onsumer may stand to gain from having business 
y
les.Business 
y
le 
osts 
an, however, be substantial for the bottom part of the wealth distributionwho are fa
ed with binding borrowing 
onstraints. Storesletten, Telmer, and Yaron (2001) ex-tend this line of resear
h by 
arefully 
alibrating the individual labor in
ome pro
ess based onPSID data. As was pointed out by Costain and Reiter (2005b) a possible weakness of aboveapproa
hes is that these models do not endogenously a

ount for the relation of unemploymentwith the state of the business 
y
le but rather assume that �unemployment� is an idiosyn
rati
but exogenous sho
k. Filling the gap in the literature the latter authors provide an RBC modelwith idiosyn
rati
 un
ertainty and a labor market with sear
h and mat
hing fri
tions that allowsthem to estimate the trade-o� between stabilization poli
y and risk. In their model the 
ost ofbusiness 
y
le �u
tuations is about .29% of steady state 
onsumption, whi
h is 30 times higherthan the estimate by Lu
as, but still relatively 
ontained. An advantage of their approa
h isthat their model allows for heterogeneity in the wealth distribution, su
h that they 
an studythe insuran
e aspe
t of unemployment in greater detail. Similar to our setup they do not al-low the bargaining position to depend on individual wealth. For analyti
al tra
tability, in theirmodel unions bargain for equally produ
tive workers. Their setup thus disregards the e�e
tsof an individual's wealth on his/her bargaining position. Our setup allows allows for di�erentbargaining positions of the workers who are fully insured by the family and those workers whoare liquidity-
onstrained but at the same time assumes that the former are higher-skilled than4



the latter. The setup with two distin
t groups of workers entertained in the 
urrent paper 
on-siderably simpli�es the model relative to Costain and Reiter's. In order to address the 
osts ofbusiness 
y
les it may ultimately be important to �t to a reasonable extent key ingredients ofthe utility fun
tion like 
onsumption and hours worked, as well as �u
tuations of unemploymentand wages, given that it is the intera
tion of these series with respe
t to 
hanges in the varian
eof the underlying sho
ks that we wish to study.A further 
hara
teristi
 that di�erentiates our study from Costain and Reiter (2005b) is thatwe analyze a New Keynesian setup with 
onsiderably more 
omplex business 
y
le dynami
sand a variety of additional fri
tions whi
h are standard in the New Keynesian literature, 
p. forexample Christiano, Ei
henbaum, and Evans (2005) and Smets and Wouters (2007). To thebest of our knowledge no work so far has been 
ondu
ted on the welfare 
osts of business 
y
lesin a New Keynesian setup with equilibrium unemployment. In terms of te
hniques our paperheavily draws on the methodology in S
hmitt-Grohé and Uribe (2004a) and the se
ond-orderapproximation method of S
hmitt-Grohé and Uribe (2004b).Business 
y
les in our model 
an be 
ostly by in
reasing the un
onditional probability of longunemployment spells and by making unemployment for the low-skilled, liquidity-
onstrainedworkers more volatile. They 
an thus endogenously 
hange the distribution of idiosyn
rati
 risk,whi
h has a bearing on the estimated 
osts of business 
y
les. The latter are a�e
ted due totheir dependan
e on the wage and 
onsumption loss in downturns and the likelihood of returningba
k to work. In this paper, we 
an thus analyze the 
osts of business 
y
les in a su�
ientlyri
h model with endogenously determined unemployment, in whi
h lower 
onsumption in stateof unemployment 
ould potentially matter for individual welfare. Our bargaining setups allow usto a

omplish this goal in a relatively parsimonious parametrization without having to imposeassumptions on the 
orrelation stru
ture of labor market sho
ks as in Mortensen and Nagypal(2006) or on the time path of the outside option,5 and without resorting to additional assumptionson te
hnology as in Costain and Reiter (2005b), who impli
itly use a sho
k to the pro�t sharethat is 
orrelated with the aggregate te
hnology level.The remainder of the paper is organized as follows. Se
tion 2 lays out the theoreti
al model that5 An earlier working paper version of Hall and Milgrom (2007), for example, relied on a 
orrelated sho
k tothe outside option to a
hieve mat
hing the �u
tuation of unemployment rates. In their 
urrent version theparametrization impli
itly 
losely 
orresponds to the values suggested in Hagedorn and Manovskii (2006) andJung (2006) � whi
h are used also in this paper. 5



we will analyze. Se
tion 3 turns to the 
alibration and the estimation of the model. Se
tion 4dis
usses the welfare 
riteria used and presents estimates of the welfare 
osts of business 
y
le�u
tuations. A �nal se
tion 
on
ludes. We relegate a summary of the data and an outline of theestimation strategy to the Appendix.2 The ModelWe in
orporate sear
h and mat
hing fri
tions à la Mortensen and Pissarides (1994) into anotherwise standard New Keynesian business 
y
le model of the Smets and Wouters (2003) type.Consumers fall into two 
ategories: those who 
an save into bonds, sto
ks, and physi
al 
apitaland those who are prevented from a

ess to asset markets.6 The model's produ
tion side features
ompetitive fa
tor markets in the only pri
e-setting se
tor. The degree of nominal rigidity shouldthus be interpreted in this light.7 One time period in the model refers to a 
alendar time of onemonth.2.1 Preferen
es and Consumers' ConstraintsThere is a large number of identi
al families in the e
onomy with measure ν ∈ [0, 1]. Ea
h family
onsists of a measure of 1−u
(1)
t employed members and u(1)

t unemployed members. The familieshold all assets in the e
onomy. Consequently, pro�t in
ome in the e
onomy a

rues entirely tothis part of the population. The representative family pools the in
ome of its working members,unemployment bene�ts of the unemployed members and �nan
ial in
ome from �nan
ial assetswhi
h they hold via a mutual fund. There is also a measure 1−ν (potentially zero) of individualsnot asso
iated with any family. These are assumed not to have a

ess to �nan
ial markets. Inperiod t, a measure u(2)
t of these 
onstrained workers are unemployed. We assume that themass of liquidity-
onstrained 
onsumers does not vary over time and normalize the total mass of
onsumers in the e
onomy to one. We index the di�erent types by supers
ript (o) ∈ {1, 2}.Consumers have time-additive expe
ted utility preferen
es. Preferen
es of 
onsumer i 
an be6 For te
hni
al reasons it is important to ensure a su�
ient degree of homogeneity in asset-holdings. For asset-holding workers we entertain a familiy stru
ture whi
h pools all assets. The other group of workers must nothold any assets (not even 
urren
y) if the analysis is still to be viable.7 See, e.g., Ei
henbaum and Fisher (2004) and Altig, Christiano, Ei
henbaum, and Linde (2005) about �rmspe-
i�
 fa
tor markets and the interpretation of a 
ertain slope of the New Keynesian Phillips 
urve.6
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e, indexed by parameter ̺(o) ∈ [0, 1). Note thatexternal habit is assumed to take past aggregate 
onsumption of the respe
tive group of agents,
c
(o)
t−1, as the referen
e point. κL is a positive s
aling parameter of disutility of work.2.1.1 The Families of Asset-holding WorkersThe representative family maximizes the sum of expe
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i,t )di, (4)where c(1)t is the average 
onsumption level of family members and {h

(1)
i,t } is shorthand for apotential distribution of hours 
ontra
ts. We will later fo
us on a symmetri
 equilibrium inwhi
h ea
h employed family member indeed works exa
tly the same hours and re
eives the samewage. Given its arguments, utility fun
tion U(·, ·, ·, ·) gives the value of per-period family-utilitywhen c(1)t is optimally distributed among family members; see Appendix A for details. Only partof the 
onsumption goods need to be a
quired in the market. c(1,m)

t is the amount of resour
esspent on a
quiring these. Unemployed family members also engage in home produ
tion, whi
h isnot tradable in the market but 
an be shared by family members. Total 
onsumption per 
apitathus is
c
(1)
t = c

(1,m)
t + u

(1)
t home(1), (5)8 See Jung (2005) for the more general but also less tra
table 
ase of utility allowing for balan
ed growth.7



where home(1) marks the state-independent value of home-produ
tion by an unemployed familymember.Family members, i.e. workers of type 1, pool their in
ome. Their budget 
onstraint is thus givenby
c
(1,m)
t + it + tt =

∫ 1−u
(1)
t

0
w
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t ztkt−1 − ψ(zt)kt−1, (6)where it marks real investment per family member. So aggregate investment is given by ν it.Both it and c(1)t are 
hoi
e variables of the family. w(1)

i,t h
(1)
i,t is the real wage per hour multipliedby hours worked by individual household member i. tt are lump-sum taxes per 
apita payableby the family. b(1) are real unemployment bene�ts paid to unemployed family members.9 Thefamily holds 1

νDt units of a risk-free one-period nominal bond (government debt) with grossnominal return Rtǫ
b
t . ǫbt denotes a serially 
orrelated sho
k to the risk premium. It drives awedge between the return on assets held by households and the interest rate 
ontrolled by the
entral bank, see Smets and Wouters (2007). The household also owns representative shares ofall �rms in the e
onomy. Ψt denotes real dividend in
ome per member of the family arising fromthese �rms' pro�ts:
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t ,Ψ
(1)
t and Ψ

(2)
t are the pro�ts arising in the di�erentiating industry and in the laborgood industry; see Se
tion 2.2. kt is the amount of physi
al 
apital held per member of thefamily. The family 
hooses the 
apa
ity utilization rate zt and leases its e�e
tive 
apital, ztkt−1,to wholesale �rms in a perfe
tly 
ompetitive 
apital market. The real rental rate of 
apital is rk

t .The in
reasing, 
onvex fun
tion ψ(zt) denotes the resour
e 
ost, in units of 
onsumption goods,of setting the utilization rate to zt. We assume that
ψ(zt) = γz,1(zt − 1) +

γz,2

2
(zt − 1)2,where γz,1 and γz,2 are su
h that ψ(1) = 0, ψ′(1) = rk, ψ′′(1) > 0, as in Christiano, Ei
henbaum,and Evans (2005).109 The di�eren
e between unemployment bene�ts and home produ
tion in our setup is that the former are payablein 
ash and are thus market-tradable, while the latter will not show up in the national a

ounts.8



Capital a
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}
. (12)Finally, the optimal 
onsumption plan satis�es the two transversality 
onditions

lim
j→∞

Et

{
βj λt+j

λt
kt+j

}
= 0, ∀t. (13)10 Here as in the remainder of the paper, endogenous variables whi
h do not 
arry a time index refer to steadystate values. Here, for example, rk denotes the steady state value of rk

t .9



and
lim

j→∞
Et

{
βj λt+j

λt

Dt+j

Pt+j

}
= 0, ∀t. (14)We turn to des
ribe preferen
es and budget 
onstraints of liquidity-
onstrained 
onsumers.2.1.3 Liquidity-
onstrained ConsumersLiquidity-
onstrained 
onsumers are not insured by a family. They do not have a

ess to liquidity-providing servi
es and �nan
ial markets. They also 
annot insure ea
h other against the riskof be
oming unemployed. Unemployed workers in this group also 
annot share their home-produ
tion with others. Liquidity-
onstrained 
onsumers seek to maximize expe
ted utility (1),whi
h is reprodu
ed here for type o = 2 workers for 
onvenien
e:

E0

{
∞∑

t=0

βt
u

(2)(c
(2)
i,t , c

(2)
t−1, h

(2)
i,t )

}
, (15)where period utility is of the form (2). Due to being prevented from saving and borrowing,liquidity-
onstrained 
onsumers always 
onsume their entire after-tax in
ome. Depending onparameter χ ∈ {0, 1}, they 
ontribute to lump-sum taxes. Depending on parameter χ2 ∈ {0, 1}they 
ontribute to group-spe
i�
 taxes. That is, their budget 
onstraint is given by

c
(2)
i,t =





c
(2)
e,i,t = w

(2)
i,t h

(2)
i,t − χtt − χ2t

(2)
t if employed

c
(2)
u,i,t = b(2) + home(2) − χ2tt if unemployed, (16)

c
(2)
e,i,t marks 
onsumption of liquidity-
onstrained 
onsumer i if he is employed. c

(2)
u,i,t is the
onsumption level if he is unemployed instead. b(2) are real unemployment bene�ts paid tounemployed liquidity-
onstrained workers. Home produ
tion of liquidity-
onstrained workers isdenoted by home(2).2.2 FirmsThere are three se
tors of produ
tion. One se
tor produ
es a homogenous intermediate good,whi
h we shall 
all the �labor good�. Firms in this se
tor need to �nd exa
tly one worker in orderto produ
e. They take hours worked as their sole input into produ
tion. In the model, sear
hingfor a worker is a 
ostly and time-
onsuming pro
ess due to mat
hing fri
tions. On
e a �rm anda worker have met, they Nash-bargain over wages and hours on a period-by-period basis. Labor10



goods are sold to a se
ond se
tor in a perfe
tly 
ompetitive market. The se
ond se
tor is awholesale se
tor. Wholesale �rms take intermediate labor goods and physi
al 
apital as inputs,and produ
e di�erentiated goods using a 
onstant-returns-to-s
ale produ
tion te
hnology. Sub-je
t to pri
e-setting impediments à la Calvo (1983), they sell to a �nal se
tor under monopolisti

ompetition.11 The �nal se
tor is a retail se
tor. Retailers bundle di�erentiated goods into ahomogenous 
onsumption/investment basket, yt. They sell this �nal good to 
onsumers and tothe government at pri
e Pt. We next turn to a detailed des
ription of the respe
tive se
tors inreverse order.2.2.1 Retail FirmsThe retail se
tor operates in perfe
tly 
ompetitive fa
tor markets. It takes amounts yj,t ofwholesale good type j ∈ [0, 1] as an input to produ
tion and aggregates all varieties into the �nalhomogenous 
onsumption and investment good, yt, a

ording to
yt =

(∫ 1

0
y

ǫ−1
ǫ

j,t dj

) ǫ
ǫ−1

, ǫ > 1. (17)The 
ost-minimizing expenditure, Pt, needed to produ
e one unit of the �nal good is given by
Pt =

(∫ 1

0
P 1−ǫ

j,t dj

) 1
1−ǫ

, (18)where Pj,t marks the pri
e of good yj,t. Pt 
oin
ides with the 
onsumer/GDP pri
e index. Thedemand fun
tion for ea
h single good yj,t is given by
yj,t =

(
Pj,t

Pt

)−ǫ

yt. (19)2.2.2 Wholesale FirmsFirms in the wholesale se
tor have unit mass and are indexed by j ∈ [0, 1]. Firm j produ
esvariety j of a di�erentiated good a

ording to
yj,t = kα

j,tl
1−α
j,t , α ∈ (0, 1). (20)11 Following the literature (see e.g. Trigari, 2006) we part the markup pri
ing de
ision from the labor hiringde
ision. For an appli
ation whi
h operates with temporarily �rm-spe
i�
 labor and a mat
hing market in thepri
e-setting se
tor, see Kuester (2007). 11



Here kj,t denotes demand for 
apital by wholesale �rm j. Capital is homogenous and instanta-neously transferable a
ross �rms. Demand for 
apital is satis�ed out of the utilization, zt, of the
apital sto
k formed up to t− 1, νkt−1, where kt−1 denotes the amount of 
apital to whi
h ea
hmember of the family is entitled. Total supply of 
apital servi
es in period t therefore is νztkt−1.
lj,t denotes demand for the intermediate labor good whi
h a wholesale �rm j 
an a
quire in aperfe
tly 
ompetitive market at real pri
e xL

t . Real period pro�ts of �rm j, ΨC
j,t, are given by

ΨC
j,t =

Pj,t

Pt
yj,t − ǫCt

(
kj,tr

k
t + lj,tx

L
t

)
.The �rst term gives wholesale �rm revenues, the se
ond term marks real payments for 
apitaland for the labor good. ǫCt represents a wholesale se
tor �
ost-push� sho
k with unit steadystate.12We follow Yun (1996) in assuming that in ea
h period a random fra
tion ω ∈ [0, 1) of �rms 
annotreoptimize their pri
e. As in Christiano, Ei
henbaum, and Evans (2005) and Smets and Wouters(2003), �rms whi
h 
annot reoptimize index their pri
e to realized in�ation, Πt−1 := Pt−1

Pt−2
. Thedegree of indexation is measured by parameter γp ∈ [0, 1]. Those �rms whi
h reoptimize theirpri
e in period t fa
e the problem of maximizing the value of their enterprise by 
hoosing theirsales pri
e, Pj,t, taking into a

ount the pri
ing fri
tions, demand fun
tion (19) and produ
tionfun
tion (20). Realizing that for any given demand, the optimal fa
tor input 
hoi
e leads tomarginal 
osts whi
h are independent of the produ
tion level, the pri
e-setting problem simpli�esto

max
Pj,t

Et

{
∞∑

s=0

ωsβt,t+s

[
Pj,t

Pt+j

s−1∏

l=0

(
(Πt+l−1)

γp Π1−γp
)
−mct+s

]
yj,t+s

}
. (21)Here Π is the gross in�ation rate in steady state and mct are real marginal 
osts13

mct = ǫCt (rk
t )α(xL

t )1−αα−α(1 − α)−(1−α). (22)
βt,t+s := βs λt+s

λt
is the equilibrium sto
hasti
 dis
ount fa
tor. The typi
al reoptimizing wholesale12 In the literature this sho
k frequently is also labeled a �pri
e-markup� sho
k. Both representations are identi
alup to �rst-order.13 Due to the assumption of 
ompetitive fa
tor markets and 
onstant returns to s
ale, all �rms in the wholesalese
tor fa
e the same level of marginal 
osts in equilibrium. Espe
ially, in this spe
i�
ation marginal 
osts areindependent of ea
h �rm's output. Similar to Altig, Christiano, Ei
henbaum, and Linde (2005) one 
ould alsomake �rms' marginal 
osts depend on the level of own output by assuming �rmspe
i�
 produ
tion fa
tors, say
apital. This would introdu
e an internal motive to keep pri
es 
onstant and so require less Calvo sti
kiness;see also Ei
henbaum and Fisher (2004) and Woodford (2005).12



�rm's �rst order 
ondition for pri
e-setting is:
Et

{
∞∑

s=0

ωsβt,t+s

[
P ∗

t

Pt+s

s−1∏

l=0

(
(Πt+l−1)

γp Π1−γp
)
−

ǫ

ǫ− 1
mct+s

]
yj,t+s

}
= 0, (23)where P ∗

t marks the optimal pri
e. The demand fun
tions of individual �rms for the labor goodand 
apital are, respe
tively,
lj,t = mct

1 − α

xL
t ǫ

C
t

yj,t (24)and
kj,t = mct

α

rk
t ǫ

C
t

yj,t. (25)Total real pro�ts of the wholesale (Calvo) se
tor are ΨC
t =

∫ 1
0 ΨC

j,tdj, where
ΨC

j,t =

{
Pj,t

Pt
−mct

}
yj,t (26)denotes the period pro�ts of �rm j.14 These pro�ts �ow to the families of asset-holding workers.2.2.3 Labor Good FirmsThe labor good is homogenous. Ea
h �rm in this se
tor 
onsists of one and only one workermat
hed with an entrepreneur. In period t there is thus a mass ν(1 − u

(1)
t ) of labor �rms withworkers of type o = 1 and a mass (1 − ν)(1 − u

(2)
t ) with workers of type o = 2. Mat
h i 
anprodu
e amount li,t of the labor good a

ording to

li,t = A
(o)
t h

(o)
i,t . (27)Labor produ
tivity A(o)

t depends on whi
h type of the worker is employed at the respe
tive �rm.Throughout the paper we assume that liquidity-
onstrained workers are lower-skilled and thusrelatively less produ
tive. In parti
ular, we assume that the produ
tivity levels of low- andhigh-skilled workers are linked by a 
onstant fa
tor of proportionality a:
A

(2)
t = aA

(1)
t , a ∈ (0, 1).14 Real pro�ts in equilibrium thus depend on the distribution of Pj,t :

ΨC
t =

[
1 − mct

∫ 1

0

(
Pj,t

Pt

)
−ǫ

dj

]
yt.13



In equilibrium, labor good demand by the wholesale se
tor must mat
h the labor good se
tor'ssupply:
lt :=

∫ 1

0
lj,tdj =

∫ ν(1−u
(1)
t )

0
li,tdi+

∫ (1−ν)(1−u
(2)
t )

0
li,tdi. (28)2.3 Labor MarketWe now turn to the spe
i�
ation of the labor market in our model. We �rst des
ribe themat
hing te
hnology and then fo
us on the bargaining and va
an
y posting de
isions for ea
h
lass of worker o ∈ {1, 2}.2.3.1 Mat
hing Firms and WorkersThere is a separate mat
hing market for the two types of workers. Or, put di�erently, thereare jobs ex
lusively suited for lower-skilled workers and other jobs ex
lusively suited for higher-skilled workers. The mat
hing pro
ess in ea
h market is governed by a standard Cobb-Douglasmat
hing te
hnology

m
(o)
t = σ(o)

m (u
(o)
t )ξ

(o)
(v

(o)
t )1−ξ(o)

, σ(o)
m > 0, ξ(o) ∈ (0, 1). (29)Here m(o)

t is the number of new mat
hes of workers of type o, v(o)
t is the number of va
an
iesof type o. With probability q(o)t =

m
(o)
t

v
(o)
t

a �rm with a va
ant position �nds a worker in period
t. Unemployed workers always sear
h for a job. With probability s(o)t =

m
(o)
t

u
(o)
t

a worker of type
o will �nd a job. For future referen
e, we de�ne �market tightness� in se
tor o from the �rms'point of view as θ(o)

t =
v
(o)
t

u
(o)
t

.In the US, most of the variation of employment over the business 
y
le is explained by variationsin va
an
y posting, see Hall (2005), while the separation rate is rather stable. We thereforeassume that separations o

ur with a 
onstant, exogenous probability ϑ(o) ∈ (0, 1) in ea
h period.New mat
hes in t, m(o)
t , be
ome produ
tive for the �rst time in t+ 1. As a 
onsequen
e of theseassumptions, the employment rate n(o)

t := 1 − u
(o)
t evolves a

ording to

n
(o)
t = (1 − ϑ(o))n

(o)
t−1 +m

(o)
t−1. (30)

14



2.3.2 Bargaining of Asset-holding FamiliesDue to both a skill-dependent 
ost κ(1) of posting a va
an
y and the time-
onsuming mat
hingpro
ess, formed mat
hes entail e
onomi
 rents. Firms and workers bargain about their share ofthe overall mat
h surplus. Sin
e the family perfe
tly insures its members against unemploymentrisks, individual members would not take up work voluntarily. We follow den Haan, Ramey,and Watson (2000) in assuming that the family takes the labor supply de
ision for its workers.We start by des
ribing the gain of a representative family from having an additional, marginalmember i in employment. This is (see Appendix A.1 for a derivation)
∆

(1)
t = λt

(
w

(1)
i,t h

(1)
i,t − b(1) − home(1) − strike(1)

)
− κL

(
h
(1)
i,t

)1+ϕ

1+ϕ

+(1 − s
(1)
t − ϑ(1))Et

{
β∆

(1)
t+1

}
.

(31)The �rst term des
ribes the di�eren
e between the net wage earned by the marginal member whenemployed and non-employment in
ome, b(1). This di�eren
e is 
onverted to marginal utility unitsby λt. In the welfare analysis presented later on in this paper, we entertain di�erent me
hanismswhi
h a
hieve �u
tuations in unemployment of a size 
onsistent with the data. In our estimatedben
hmark, we follow Hagedorn and Manovskii (2006) and Jung (2006). Their 
alibration relieson a high repla
ement rate for the worker. We then also 
onsider a
hieving a high outsideoption in the bargaining pro
ess by means of a lower repla
ement rate propped up by positivehome produ
tion when unemployed. These modeling s
hemes imply relatively high (impli
it)repla
ement rates and thus relatively low welfare 
osts of business 
y
les. In order to allow for alarger gap between market work and non-market in
ome, we entertain a further modeling devi
e:Parameter strike(1) ≥ 0 is meant to 
apture the fa
t that the bargaining position of the workermay be high without this being dire
tly mirrored by 
onsumption a

ruing to the worker inthe state of unemployment. A variety of institutional features or di�erent bargaining stru
turesmight be used to rationalize this assumption. Appendix E illustrates, for example, that thiss
heme is very 
losely linked to a bargaining setup suggested by Hall and Milgrom (2007) inwhi
h the outside option of both parties is delaying the bargaining pro
ess � and not quitting italtogether. This parameter will be used to assess the sensitivity of our welfare results at a laterstage. The se
ond term des
ribes the in
rease in the disutility of work. The �nal term pertainsto the 
ontinuation value.We assume that �rms 
ease to exist when they separate from a worker. The market value, J (1)
t ,15



of a representative �rm with a worker of type o = 1 is given by
J

(1)
t = xL

t A
1
th

(1)
i,t − w

(1)
i,t h

(1)
i,t − overhead(1) + (1 − ϑ(1))Et

{
βt,t+1J

(1)
t+1

}
, (32)where overhead(1) denotes state t overhead tax 
osts.15 Ea
h period, wages and hours workedare determined by means of Nash-bargaining over the mat
h surplus:

arg max
w

(1)
i,t ,h

(1)
i,t

(
∆

(1)
t

)µ(1) (
J

(1)
t

)1−µ(1) (33)where µ(1) ∈ (0, 1) denotes the family's bargaining power. In a symmetri
 equilibrium, all �rmswith workers pertaining to asset-holding families hire the same amount of hours, h(1)
t , and paythe same wage, w(1)

t . The asso
iated �rst-order 
ondition for the wage 
hoi
e is
µ(1)λt

∆
(1)
t

=
1 − µ(1)

J
(1)
t

. (34)The asso
iated �rst-order 
ondition for hours worked
κL
(
h

(1)
t

)ϕ

λt
= xL

t A
(1)
t , (35)whi
h states that the marginal rate of substitution between 
onsumption and hours worked atthe family level is equal to the marginal produ
t of labor. The resulting period pro�ts of therepresentative �rm with a worker of type 1, Ψ

(1)
t = xL

t A
1
th

(1)
t −w

(1)
t h

(1)
t − overhead(1), a

rue tothe family.Using the va
an
y posting 
ondition derived below in (37), one 
an show that the following wageequation obtains.

w
(1)
t h

(1)
t = µ(1)

(
A

(1)
t h

(1)
t xL

t − overhead(1) + θ
(1)
t κ(1)

)

+(1 − µ(1))
(
b(1) + home(1) + strike(1) + 1

1+ϕmrs
(1)
t h

(1)
t

) (36)where mrs(1)t := κL

(
h
(1)
t

)ϕ

λ
(1)
t

is the marginal rate of substitution of the family. Wage in
ome istherefore a 
onvex 
ombination of �rm revenue plus the savings from not having to re-post ava
ant position and the outside option de�ned as the real bene�t to the worker from stayingat home plus the value of leisure expressed in terms of marginal 
onsumption. The better thebargaining position of the worker is, 
aptured here by a higher µ(1), the 
loser is the wage rateto the marginal produ
tivity of the worker and therefore to the standard 
ompetitive model.15 See Mortensen and Nagypal (2006) for intuition. They 
ite Braun (2005), Nagypal (2005), Silva and Toledo(2005) and Yashiv (2005) for in
luding the idea of �xed turnover 
osts (say training and separation 
osts).This squeezes pro�ts without in
reasing the outside option of the worker.16



2.3.3 Va
an
y Posting for Workers of Type 1In order to stand a 
han
e of �nding a worker asso
iated with a family, �rms need to post ava
an
y for higher-skilled workers. Va
an
y posting 
osts enter the e
onomy's resour
e 
onstraintas pure waste. Closing our des
ription of the labor market for asset-holding workers, we assumefree entry into the va
an
y posting market as is standard in the literature. This guaranteesthat expe
ted pro�ts of new entrants, on
e properly dis
ounted, are zero. The 
ost of posting ava
an
y, κ(1) in equilibrium thus equals the dis
ounted expe
ted pro�ts
κ(1) = Et

{
βt,t+1q

(1)
t J

(1)
t+1

}
, (37)where βt,t+1 is the e
onomy's pri
ing kernel, q(1)t is the probability of �nding a worker of type 1on
e a va
an
y has been posted and Jt+1 is the real value of the �rm in t+ 1.2.3.4 Bargaining of Liquidity-Constrained WorkersLiquidity-
onstrained workers do not live in a family whi
h provides 
onsumption insuran
e.On
e mat
hed, they bargain dire
tly and individually with the �rm, taking their own 
onsump-tion when unemployed as the threshold. The utility di�eren
e of a representative liquidity-
onstrained worker 
an be written as

∆
(2)
t =

(
u

(2)(c
(2)
e,t , c

(2)
t−1, h

(2)
t ) − u

(2)(c
(2)
u,t + strike(2), c

(2)
t−1, 0)

)
+ (1 − s

(2)
t − ϑ(2))Et

{
β∆

(2)
t+1

}

≡ ∆u(c
(2)
e,t , ct−1, u

2
t , h

(2)
t ) + (1 − s

(2)
t − ϑ(2))E

{
β∆

(2)
t+1

}
. (38)Where c(2)e,t and c(2)u,t , de�ned in (16), are the 
onsumption levels of the representative low-skilledworker when employed and unemployed, respe
tively. We take last month's average 
onsumptionof the liquidity-
onstrained population, c(2)t−1 = (1 − u

(2)
t−1)c

(2)
e,t−1 + u

(2)
t−1c

(2)
u,t−1, as the referen
epoint for habit formation. As with the un
onstrained worker's bargaining, parameter strike(2) ismeant to 
apture an exogenous shift in the outside option of the worker not related to any real
onsumption �ows but rather to elements of the bargaining setup not dire
tly re�e
ted in themodel. A type 2 �rm dis
ounts future pro�t streams using the 
apital market's pri
ing kernel,whi
h is the one of the typi
al asset-holding family. To shorten notation, denote period pro�tsof a �rm asso
iated with a liquidity-
onstrained worker by

Ψ
(2)
t = xL

t A
(2)
t h

(2)
t − w

(2)
t h

(2)
t − overhead(2), (39)17



where A(2)
t is the time-varying produ
tivity level of a liquidity-
onstrained, lower-skilled worker.The market value of a �rm with a low-skilled worker is given by

J
(2)
t = Ψ

(2)
t + (1 − ϑ(2))Et

{
βt,t+1J

(2)
t+1

}
, (40)The Nash bargaining pro
ess de�nes how the joint mat
h surplus is split among worker and �rm.A low-skilled worker and its employer set their real wage rate, w(2)

t , and hours worked, h(2)
t , as

arg max
w

(2)
t ,h

(2)
t

(∆
(2)
t )µ

(2)
(J

(2)
t )1−µ(2)

, (41)where µ(2) ∈ (0, 1) is the bargaining power of low-skilled workers. The wage-setting �rst-order
ondition is
µ(2)λ

(2)
t

∆
(2)
t

=
(1 − µ(2))

J
(2)
t

, (42)where λ(2)
t := (c

(2)
e,t − ̺(2)c

(2)
t−1)

−σ. The �rst-order 
ondition with respe
t to the hour 
hoi
e yields
µ(2)

(
λ

(2)
t w

(2)
t − κL

(
h

(2)
t

)ϕ)

∆
(2)
t

=
(1 − µ(2))(w

(2)
t − xL

t A
(2)
t )

J
(2)
t

. (43)Rearranging gives that also in the low-skilled se
tor, the marginal produ
t of labor equals themarginal disutility of work. The liquidity-
onstrained worker and the �rm do not agree on theevaluation of their future joint surplus sin
e the dis
ounting kernels of the owner of the �rm(the asset-holding representative family) and the liquidity-
onstrained worker di�er. We 
annot,therefore, derive a 
losed form expression for the wage in terms of 
urrent variables only. The
urrent wage depends positively on both 
urrent and future pro�ts whi
h in turn depend onlabor produ
tivity, similar to (81). Sin
e the liquidity-
onstrained worker is not insured againstunemployment by a family, however, his attitudes towards risk as represented by the 
urvatureof the utility fun
tion play a dire
t and important role in the wage bargaining pro
ess.2.3.5 Va
an
y Posting for Workers of Type 2Va
an
y posting pro
eeds as for asset-holding workers. In order to have a 
han
e, q(2)t , to �nd aworker, �rms looking to re
ruit low-skilled workers need to post a va
an
y at real 
ost κ(2) > 0.To 
lose the des
ription of the labor market, we assume free entry into the va
an
y postingmarket for liquidity-
onstrained workers ensuring zero ex-ante pro�ts:
κ(2) = Et

{
βt,t+1q

(2)
t J

(2)
t+1

}
. (44)18



2.4 GovernmentThe monetary authority is 
ontrols the one-month risk-free interest rate on nominal bonds, Rt,apart from the risk premium sho
k. The empiri
al literature (see, e.g. Clarida, Galí, and Gertler,2000) �nds that simple generalized Taylor-type rules of the form
log(R)t = log(Π/β)(1 − γR) + log(R)t−1(γR) + (1 − γR)

{
γπ log(Πt/Π) + γy log (yt/y)

}

+γ∆y log(yt/yt−1) + log(ǫmoney
t ), (45)on
e linearized are a good representation of monetary poli
y in re
ent de
ades. ǫmoney

t is an iidlog-normal sho
k to the monetary poli
y stan
e with unit steady state. The spe
i�
 form of therule is similar to the one used by Smets and Wouters (2005).�Government spending�, gt, is exogenous and follows the following AR(1) pro
ess
gt = (1 − ρg)g + ρggt−1 + gǫgt , ρg ∈ [0, 1). (46)

g is the long-run target for government expenditures, ǫgt is a Gaussian sho
k to �s
al poli
y withzero mean. In the 
alibration below, we set gt equal to the sum of government expenditures andthe net export 
omponent of GDP. The government budget 
onstraint is given by
ν
[
tt +

(
1 − u

(1)
t

)
overhead(1)

]
+ (1 − ν)

[
χtt +

(
1 − u

(2)
t

){
χ2t

(2)
t + overhead(2)

}]

+Dt

Pt
+ (ǫCt − 1)

(
νkt−1ztr

k
t + xL

t lt
)

= νu
(1)
t b(1) + (1 − ν)u

(2)
t b(2) + Dt−1

Pt
Rt−1 + gt.

(47)The government generates revenue from lump-sum taxes, from spe
ial taxes paid only by thepoorer part of the population and from overhead tax 
osts paid in the labor good se
tor; see the�rst row of (47). It also earns in
ome from new debt issues, Dt

Pt
. The �nal term on the left-handside of (47) 
lari�es the �tax� nature of the 
ost-push sho
k. On the expenditure-side appearunemployment bene�ts (the terms involving b(1), b(2)), debt repayment and 
oupon as well as thegovernment expenditure.16Let ttot

t be total tax revenue in period t:
ttot
t = ν

[
tt +

(
1 − u

(1)
t

)
overhead(1)

]
+(1−ν)

[
χtt +

(
1 − u

(2)
t

){
χ2t

(2)
t + overhead(2)

}]
. (48)16 In the US, unemployment insuran
e is mostly paid for dire
tly by employers instead of by the employees.Sin
e bargaining is e�
ient, the exa
t modalities do, however, not in�uen
e our results.19



Following S
hmitt-Grohé and Uribe (2004b) we assume that total tax revenues, ttot
t , adjust inorder to assure that real debt, Dt−1/Pt−1, does not deviate too mu
h from the long-run debttarget, d, of the �s
al authority. If χ2 = 1, in ea
h period low-skilled, liquidity-
onstrainedworkers foot the bill for the unemployment insuran
e of low-skilled workers themselves withouthaving to ask for funding by the families of higher-skilled workers. So

(1 − u
(2)
t ) t2t = u

(2)
t b(2). (49)

2.5 Market ClearingThe aggregate retail good is used for 
onsumption by the two types of 
onsumers, for investmentby asset-holding households and for government spending. In addition va
an
y posting a
tivityin the two labor markets requires ressour
es. Total demand is
yt = c

(m)
t + ν [it + ψ(zt)kt−1] + gt

+ νκ(1)v
(1)
t + (1 − ν)κ(2)v

(2)
t ,

(50)where aggregate market-tradable 
onsumption demand, c(m)
t , is given by

c
(m)
t = νc

(1,m)
t + (1 − ν)

[
(1 − u

(2)
t )c

(2)
e,t + u

(2)
t

(
c
(2)
u,t − home(2)

)]
. (51)Market 
learing in the retail market requires that above demand of retail goods equals totalsupply, whi
h is given by

yt =

[∫ 1

0

(
yd

j,t

) ǫ−1
ǫ
dj

] ǫ
ǫ−1

. (52)For ea
h �rm j in the wholesale se
tor, its supply
yj,t = (kj,t)

α (lj,t)
1−α , (53)must be mat
hed by the 
orresponding demand

yj,t =

(
Pj,t

Pt

)−ǫ

yt (54)in order to 
lear the wholesale market.Total demand for the labor good is
lt =

∫ 1

0
lj,tdj, (55)20



where lj,t is given by (24). Market 
learing in the labor good market requires that this demandequals the supply of the labor good whi
h is given by
lt = ν(1 − u

(1)
t )l

(1)
t + (1 − ν)(1 − u

(2)
t )l

(2)
t , where (56)

l
(o)
t = A

(o)
t h

(o)
t , o ∈ {1, 2}. (57)Total demand for 
apital is given by

kt =

∫ 1

0
kj,tdj, (58)where kj,t is given by (25). Total supply of 
apital is given by

kt = νztkt−1. (59)In equilibrium both quantities are equated.3 Estimation of the Ben
hmark ModelFor the analysis of the 
osts of business 
y
les not least the stru
ture and relative size of sho
kswill be important. We 
ondu
t a Bayesian estimation exer
ise in whi
h we use quarterly data forthe US from 1964:q1 to 2005:q4. The start of the sample is di
tated by the �rst date at whi
h theindex of average weekly hours worked whi
h we employ is available. We treat output per 
apita,
onsumption per 
apita, investment per 
apita, the nominal interest rate, GDP in�ation and totalhours worked as observable variables. Consumption is measured as the sum of 
onsumption ofnon-durable goods and servi
es. Consequently, investment is the sum of �xed private investmentand 
onsumption of durable goods. All data are obtained from the Federal Reserve Bank ofSt. Louis' database FRED II. Data on total 
ompensation per 
apita, va
an
ies (measured bythe help-wanted index) and unemployment rates are used for validation purposes. For the exa
tsour
es of the data, the de�nitions linking the data to our model variables and key properties ofthe data, we refer to Appendix B.The volatility of many aggregate variables has de
reased 
onsiderably sin
e the early 1980s.17We therefore use the data until 1983:q4 only as a burn-in sample and let the observation sample17 Kim and Nelson (1999) lo
ate the break date in the amplitude of US GDP growth rates and the volatility ofsho
ks to US GDP growth rates at 1984:q1 (their posterior mode). The same break date is found by M
Connelland Perez-Quiros (2000). Sto
k and Watson (2002) do
ument that this eviden
e is not limited to real GDPgrowth but 
an be found in a great number of US ma
roe
onomi
 time series. This is apparent also in Figure4 in Appendix B.2, where we plot our data. 21



start in 1984:q1. Calibrated steady state values are 
omputed using data from the latter partof the sample. We follow Shimer (2005) in detrending our data with a very low-frequen
y HP-�lter with a weight of 100,000. Appendix B shows the raw data and their �ltered business-
y
le
omponent. Agents in our model e
onomy take de
isions at a monthly frequen
y while the datawe observe are quarterly. The estimation algorithm deals with this frequen
y mismat
h. Ap-pendix C shows how to aggregate the model by treating monthly observations of the endogenousvariables as latent while assuming that only the quarterly averages are observable to the e
ono-metri
ian. Auto
orrelation 
oe�
ients, the Calvo pri
e-setting parameter, ω, and the interestrate smoothing 
oe�
ient have been res
aled to quarterly terms for better 
omparability withthe literature. In the tables and the subsequent text, this is indi
ated by a supers
ript q, so, forexample ω ≡ (ωq)1/3.We dis
uss our 
alibration strategy in Se
tion 3.1. Se
tion 3.2 dis
usses the priors on the re-maining parameters. Se
tion 3.3 reports the parameter values at the mode of the posteriordistribution. Se
tion 3.4 assesses to whi
h extent the model ful�lls its task and mat
hes thestandard deviations of the data and, in parti
ular, the evolution of the labor market over thebusiness 
y
le. Towards this aim, we analyze the implied evolution of unemployment rates forthe di�erent skill groups, va
an
ies and wages.3.1 CalibrationIn order to redu
e the burden of the estimation we 
alibrate some parameters to long run averagesor outside information. Table 1 summarizes our 
hoi
es and gives the targets we mat
h. Table2 reports the resulting steady state. It is understood that in a general equilibrium model allparameters typi
ally determine jointly all endogenous variables. In order to build intuition, ourdis
ussion fo
uses on those parameters that have the �biggest� e
onomi
 impa
t on a parti
ulartarget. In the following we elaborate on some of the 
ru
ial parameters 
hosen.We follow Shimer (2005) in setting a 
onstant destru
tion rate of jobs of ϑ(o) = 3% ea
h monthboth for the higher- and for the lower-skilled workers (see se
tion `Labor market' in Table 1).We normalize σ(o)
m , the s
aling parameter in the respe
tive mat
hing fun
tions, so as to mat
hthe steady state probability of �nding a worker, q(o), to the value used in den Haan, Ramey,and Watson (2000). We assume an equal-surplus-sharing-rule, setting the bargaining power to

µ(o) = 0.5. This mat
hes the value of the mat
hing elasti
ity, ξ(o) = 0.5, whi
h, in the absen
e22



Table 1: Calibration StrategyParameter Value Target/referen
e E
onomi
 MeaningPreferen
es and 
omposition
β .9975 Annual real rate of 3 per
ent. time-dis
ount fa
tor.
σ 1.5 Estimates by Smets and Wouters (2007). risk-aversion.
ϕ 2.0 Estimates by Domeij and Flodén (2006). 1/labor supply elasti
ity.
κL 64.74 Average hours worked, h(1) = 1/3. s
aling parameter disutility of work.
̺(2) 0 No 
onsumption habits for the poor. habit persisten
e group 2.
1 − ν 0.16 Estimates by Gruber (2001). share of liquidity-
onstr. 
onsumers.Produ
tion
A(1) .65 Normalize output, y, to unity. produ
tivity of high-skilled workers.
a 0.50 w(2)h(2)

w(1)h(1) , relative wage in
ome of 50%. relative produ
tivity low-skilled.
overhead(o) 0 Calibration with high repla
ement rate. overhead produ
tion 
osts, o ∈ {1, 2}.

α 0.33 Conventional 
on�guration. 
apital elasti
ity of produ
tion .
δ .0081 (Investm.+durable 
ons.)/GDP = 24%. depre
iation rate (monthly).
ǫ 21 Avg. pri
e markup of 5%. demand elasti
ity wholesale goods.
γz .0106 z = 1, full steady state 
apa
ity util. steady state marg. 
apa
. util. 
ost.
ρq

A .85 Std. deviation output, yt. auto
orrelation te
hnology (quarterly)Labor market
ϑ(1) 0.03 Shimer (2005) for aggregate e
onomy. monthly separation rate un
onstr.
ϑ(2) 0.03 - " - monthly sep. rate 
onstr. workers.
σ

(1)
m .63 q(1) = 0.7, den Haan et al. (2000). e�
. of mat
hing un
onstr. worker.
σ

(2)
m .43 q(2) = 0.7, - " for aggr. e
onomy - e�
. of mat
hing 
onstr. worker.
µ(1) 0.5 Hosios 
ondition. bargaining power asset holders.
µ(2) 0.5 - " - bargaining power liq.-
onstr.
ξ(1) 0.5 Estimates of aggr. mat
hing fun
tion ... elasti
ity of mat
hes w.r.t. unempl.
ξ(2) 0.5 ... (Petrongolo and Pissarides, 2001). elasti
ity of mat
hes w.r.t. unempl.
κ(1) .043 E
onomy-wide unemployment rate: 5.8%. Va
an
y posting 
osts un
onstr.
κ(2) .053 Low-skilled unemployment rate: 10%. Va
an
y posting 
osts 
onstr. worker.
b(1) .45 Std. deviation e
onomy-wide u-rate, ut. real unempl. bene�t un
onstr. worker.
b(2) .25 Std. deviation low-skilled u-rate, u(2)

t . real unempl. bene�t 
onstr. worker.
strike(o) 0 Calibration with high repla
ement rate. strike option bargaining, o ∈ {1, 2}.

home
(o)
t 0 Calibration with high repla
ement rate. home-produ
tion, o ∈ {1, 2}.Government

g .17 Cons. (non-dur.+servi
es)/GDP = 59%. target level gov. spending.
χ 0 Ri
ardian equivalen
e. No taxation of poor 
onsumers.
χ2 0 All bene�ts paid for by high skilled. No taxation of poor 
onsumers.Notes: Calibration strategy. For the �gures reported, the data span is 1984:1 to 2005:4. Investment in
ludes�xed private investment and durable 
onsumption. Consumption in
ludes non-durable 
onsumption andservi
es. Parameter κL is adjusted so as to insure h(1) = 1/3. Stri
tly speaking κL therefore depends on theestimated value for the family's habit persisten
e. Here we use the value of κL whi
h is implied by the valueof habit persisten
e at the posterior mode, for the latter see in Table 3.23



of other fri
tions, would imply an e�
ient allo
ation, see Hosios (1990).As mentioned previously, we assume that one group of workers does not hold any liquid assets atall. Given that the goal of this paper is the provision of an upper bound for business 
y
le 
osts forworkers who might be strongly a�e
ted by unemployment spells, we entertain a joint hypothesisand identify these liquidity-
onstrained workers also with relatively lower skills. Intuitively thismirrors the fa
t that the likelihood of being liquidity-
onstrained strongly de
reases with theindividual skill level. A natural 
andidate proxy for unemployment �u
tuations among low-skilled workers is the unemployment rate among high-s
hool drop-outs. The Bureau of LaborStatisti
s series for the unemployment rate for high-s
hool drop-outs is available from 1992:q1onwards. This sample seems too short to 
orroborate the e
onomi
 �t of the extended model(whi
h is done in Se
tion 3.4). Consequently, we sele
t the unemployment rate of those whoare 16 to 24 years old as representing unemployment among low-skilled, liquidity-
onstrained
onsumers, whi
h is almost perfe
tly 
orrelated with the one for high-s
hool drop outs duringtheir period of overlap.18 We set the average unemployment rate among the low-skilled (and byassumption liquidity-
onstrained) workers to 10 per
ent whi
h lies in between the means of thetwo above-mentioned series. We target this value and the average e
onomy-wide unemploymentrate in the e
onomy of u = 5.8% to pin down the 
ost of posting a va
an
y, κ(o), for bothtypes of �rms in the labor se
tors. We adjust the threat point of the worker to mat
h the rightunemployment volatility. In the ben
hmark 
alibration this is done by adjusting the respe
tiverepla
ement in
ome, b(o). Depending on the di�erent wage setting me
hanisms in use in thispaper, we reinterpret the 
ause of a high outside option of the worker in the bargaining pro
esseither as a 
ost of delaying the bargaining pro
ess to the next period (strike 
ost) or as the trueoutside option value of being unemployed. Sin
e bargaining is e�
ient and workers and �rmsnever break up their mat
h voluntarily, the threat point in the bargaining pro
ess 
an never beobserved in pra
ti
e. We use this degree of freedom to generate a high enough outside optionfor the worker, su
h that wages are sti
ky and the model is 
onsistent with unemployment�u
tuations. This tri
k generates the right labor market volatility stru
ture, whi
h, for thepurpose of this paper, is a 
ru
ial feature.18 High-s
hool drop-outs and workers at the lower range of the skill-distribution are over-represented in thisseries. Those who seek higher edu
ation enter the relevant labor for
e only at around age 20 or older. Apartfrom the length of the sample, our results are not a�e
ted by this 
hoi
e.24



Turning to the low-skilled se
tor, a notable share of the US population is liquidity-
onstrained.Gruber (2001) puts the share of the population whose savings 
annot 
over the 
ost of an unem-ployment spell to at least 16%. Consequently, we set the size of the liquidity-
onstrained groupof workers to 1 − ν = 0.16 (see se
tion `Preferen
es and 
omposition' in Table 1).19 Consumersin the di�erent skill groups share the same preferen
es. We set the Fris
h elasti
ity to the valueof 0.5 estimated by Domeij and Flodén (2006) whi
h implies ϕ = 2. Consumers' preferen
esdi�er only in their 
onsumption habits. Liquidity-
onstrained 
onsumers are highly dependenton their 
urrent in
ome. They therefore do not develop 
onsumption habits at all, ̺2 = 0. Inour model, we introdu
e 
onsumption habits mainly so as to be in line with mu
h of the re-
ent New Keynesian literature, see Christiano, Ei
henbaum, and Evans (2005) for example. Yetwe see 
onsumption habits more as a modeling devi
e whi
h allows to introdu
e some furtherendogenous persisten
e in the model e
onomy. We do not wish to let our welfare estimatesfor the low-skilled, liquidity-
onstrained group of 
onsumers be in�uen
ed by the 
hoi
e of thisparameter.Of key importan
e is the relative skill/produ
tivity level of the two groups, a. The OECDLabour Market Statisti
s (2001 Edition) report 
ompensation before taxes in the US for di�er-ent in
ome de
iles. We use this information as follows. The low-skilled, liquidity-
onstrained
onsumers range, by assumption, at the lower end of the in
ome distribution. We approximatetheir average in
ome by a weighted average of the in
ome at the 10th per
entile and the 20thin
ome per
entile. The average in
ome in the asset-holding group is approximated by the 58thper
entile (16%+84%/2) of the wage distribution. Dividing these two numbers and averagingover the years, we obtain an average wage in the low-skilled, liquidity-
onstrained population ofaround 50% relative to the asset-holding population.20 Consequently, we set the relative te
h-nology to a = 0.5 (see se
tion `Produ
tion' in Table 1). To guarantee that our model generatesthe right size of output �u
tuations, we set the auto
orrelation of the te
hnology sho
k su
h thatthe implied standard deviation of the estimated model with respe
t to output mat
hes the data.19 Gruber (2001) obtains this number by using total wealth as the relevant pool of assets. If only liquid assetsare taken into a

ount the share rises signi�
antly. This number therefore represents a lower bound for theshare of liquidity-
onstrained workers.20 In 
omputing this number, we use the entire span of data at our disposal. For the in
ome de
iles our datarange from the years 1973 to 2000. Given the well do
umented rise in wage inequality that started in the1980s. Our estimate of relative produ
tivity might therefore be rather 
onservative towards the upside.25



Table 2: Steady StateVariable Value E
onomi
 meaningLabor market - sto
ks and �ows
u(1) .05 high-skilled unemployment rate.
u(2) .10 low-skilled unemployment rate.
v(1) .040 high-skilled va
an
ies.
v(2) .039 low-skilled va
an
ies.
s(1) .57 probability of �nding a job, high-skilled worker.
s(2) .27 probability of �nding a job, low-skilled worker.Labor market - repla
ement rate
b(1)/(w(1)h(1)) .62 repla
ement rate high-skilled worker.
b(2)/(w(2)h(2)) .70 repla
ement rate low-skilled worker.Labor market - pro�ts
Ψ(1)/(l(1)) .0093 pro�t to output ratio high-skilled worker.
Ψ(2)/(l(2)) .023 pro�t to output ratio low-skilled worker.Per 
apita 
onsumption
c(1) .64 
onsumption by high-skilled 
onsumer.
c
(2)
e .36 
onsumption by low-skilled employed 
onsumer.
c
(2)
u .25 
onsumption by low-skilled unemployed 
onsumer.Hours worked when employed
h(1) .33 hours worked by high-skilled worker.
h(2) .30 hours worked by low-skilled worker.Use of GDP
i/y .24 investment to GDP ratio.
c/y .59 
onsumption to GDP ratio.
g/y .17 
onsumption to GDP ratio.
νκ(1)v(1)+(1−ν)(κ(2)v(2))

y
.0018 total va
an
y posting 
osts to GDP.In
ome side of GDP

whn/y .64 share of all labor in
ome in GDP.
νrkk/y .31 
apital in
ome share.
Ψ/y .05 pro�t share (wholesale and labor se
tor).Notes: Sele
ted features of the steady state. All values refer to a monthly frequen
y. In so far as the steadystate is a�e
ted by the values of estimated parameters, all values reported here pertain to parameters evaluatedat their posterior mode, whi
h is reporterd in Table 3.
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This 
hoi
e is intended so as to ensure that the model re�e
ts the right amount of aggregate riskand allows a meaningful 
al
ulation of business 
y
le 
osts.We simplify our analysis by assuming that liquidity-
onstrained 
onsumers are not subje
t tolump-sum taxation, whi
h may be a good �rst-order approximation for low-in
ome households(see se
tion `Government' in Table 1). Then χ2 = 0, whi
h means that only the ri
her populationpays for unemployment insuran
e. Without taxation of the liquidity-
onstrained workers also
χ = 0, so lump-sum taxes fall entirely on the asset-holding households, whi
h ensures thatRi
ardian equivalen
e holds. As su
h, the nature of the tax rule is irrelevant for the allo
ationsin our model as long as the tax rule is debt-stabilizing whi
h is the 
ase.3.2 PriorsWe fo
us our estimation on parameters that we have little information about and that arenot easily pinned down by e
onomi
 arguments. These are mainly parameters related to thesho
k pro
esses, the behavioral rule of the 
entral bank and parameters that 
hara
terize somedeviations from the fri
tionless neo
lassi
al world. No general agreement has been establishedon their pre
ise values in the literature. The �rst four 
olumns in Table 3 present summarystatisti
s of the prior distribution for ea
h of these estimated parameters. We report the meanof the prior distribution, the standard deviation and the 
lass of density whi
h we use to modelthe prior. The marginal priors are assumed to be independent.The 
entral bank's behavioral equation is parameterized similar to Smets and Wouters (2007).The smoothing 
oe�
ient γq

R is distributed beta with mean 0.70 and standard deviation 0.15.The rea
tion 
oe�
ients to in�ation and output follow the proposal of Taylor (1993). For therea
tion to output growth we 
hoose a prior mean of zero. The habit persisten
e parameter, ̺(1),is assigned a beta prior with mean 0.7 as in Smets and Wouters (2005) and a similar standarddeviation of 0.15. The Calvo probability, ωq, a priori lies around 0.75 at the quarterly frequen
y,implying an average duration of a year in line with the results by Galí and Gertler (1999).2121 A duration of six months (half a year/two quarters) as in the mi
ro-data of Bils and Klenow (2004) would
orrespond to ωq = 0.5. Re
ently, there has been an a
tive literature how to re
on
ile these ma
ro results withthe eviden
e of higher nominal �exibility in mi
ro-data. For example assuming that produ
tion fa
tors are�rmspe
i�
 as in Altig, Christiano, Ei
henbaum, and Linde (2005) and Ei
henbaum and Fisher (2004) helpsto dampen the response of in�ation to marginal 
osts. The only feature working in this dire
tion whi
h ourmodel entertains is variable 
apa
ity utilization. As highlighted by Smets and Wouters (2005), however, thedata do not support this feature as e
onomi
ally very important on
e one moves to general equilibrium. Mostprominently, for the bargaining framework when the labor good and the retail good are produ
ed in di�erent27



The degree of indexation of these pri
es to lagged in�ation, γp, is assigned a mean of 0.4, 
loseto the estimates of Smets and Wouters (2005). Turning to the investment adjustment 
osts and
apa
ity utilization 
osts, we use the posterior mode estimates of Smets and Wouters (2005) asour priors. The s
aling parameter of investment adjustment 
osts, κI , is assigned a gamma priorwith a mean equal to 5 and a standard deviation of 0.5. The 
urvature of 
apa
ity utilization
osts, γz,2, has a gamma prior with mean 0.3 and a standard deviation of 0.025.The standard deviations of the innovations to the stru
tural sho
ks A(1)
t , ǫCt , ǫgt , ǫIt and ǫbtare assumed to follow inverse gamma distributions. With regard to the standard deviationof the innovation to the monetary poli
y sho
k ǫmoney

t we entertain a prior mean of 0.015.This 
orresponds to 1.5 basis points at a monthly rate. Given that the mean of any of thesho
k pro
esses is not invariant to the s
aling and stru
ture of the model imposing identi
al,say, prior distributions would likely generate very unequal initial prior weights on the relativeimportan
e of some sho
ks. We therefore experimented a little with the model and 
hose meansthat allow the data to be informative without putting ex
essive weight on a parti
ular sho
k apriori. The persisten
e parameters of the estimated AR(1) sho
k-pro
esses are assumed to followbeta distributions and are harmonized as mu
h as possible. The auto-
orrelations of the sho
kpro
esses 
arry a prior mean of 0.85 (at a quarterly frequen
y) with a standard deviation of0.1. With regard to the 
ost-push sho
k we entertain a prior mean 
orrelation of 0.5 in quarterlyterms, halfway between the 
hoi
es in Smets and Wouters (2003) and Smets and Wouters (2007).3.3 Posterior ModeThis subse
tion presents the parameter estimates at the posterior mode. All persisten
e param-eters of sho
ks, the Calvo frequen
y and the 
oe�
ient of interest rate smoothing have beenbrought to a quarterly frequen
y to allow for 
omparisons with the literature. In 
olumns 5 to 6,Table 3 displays the posterior mode estimate together with an approximated standard deviation.The estimates of the monetary poli
y rea
tion fun
tion are in line with the literature, albeit atthe higher end for the response of interest rates to in�ation. Habits, ̺(1), are estimated to a valuewell below 0.7 � and even lower than the estimates that Smets and Wouters (2005) obtain on ase
tors, the literatue so far has not 
ome up with a way to build rigidity into xL
t , the pri
e of the labor good.In parti
ular, wage rigidity does not help to a
hieve this, see Krause and Lubik (2005).28



similar sample for the US at a quarterly frequen
y. The estimated value of the Calvo parameter,
ωq, of roughly 0.77 implies an average pri
e duration of more than a year. While this is abovethe average duration of half a year obtained in Bils and Klenow (2004), a high value is in linewith mu
h of the empiri
al ma
roe
onomi
 literature. As a 
omparison, Smets and WoutersTable 3: Parameters at the Posterior ModeParameter prior posteriormean std distr. mode stdParameters of stru
tural model

γR 0.70 0.150 beta 0.84 0.031
γπ 1.50 1.000 gamma 3.59 0.73
γy 0.50 0.200 gamma 0.64 0.19
γ∆y 0.00 0.100 norm 0.041 0.0092
̺(1) 0.70 0.150 beta 0.29 0.087
ωq 0.75 0.150 beta 0.70 0.057
γp 0.40 0.200 beta 0.12 0.12
κI 5.00 0.500 gamma 4.44 0.48
γz,2 0.30 0.025 gamma 0.30 0.025Correlation of sho
ks
ρq

g 0.85 .100 beta 0.81 0.052
ρq

I 0.85 .100 beta 0.73 0.067
ρq

b 0.85 .100 beta 0.81 0.042
ρq

C 0.50 .200 beta 0.55 0.097Standard deviation of sho
ks
σb .200 Inf invgamma 0.060 0.0089
σA .100 Inf invgamma 0.472 0.035
σC 5.00 Inf invgamma 2.000 0.717
σg .500 Inf invgamma 1.807 0.136
σm .015 Inf invgamma 0.031 0.0029
σI .100 Inf invgamma 0.910 0.122Notes: Estimates of the posterior mode. The standard deviation is obtainedby a Gaussian approximation at the posterior mode. The observation sampleis 1984:q1 to 2005q4. Data from 1964:q1 to 1983:q4 are used as a burn-insample. A supers
ript q highlights that the parameter has been re-s
aled toquarterly frequen
y for better 
omparability with the literature. For example,
ρq

g = ρ3
g.(2005) estimate an average duration of more than two and a half years for the US. Our estimateof the pri
e indexation parameter, γp, is more on the low side. The 
urvature of investment29



adjustment 
osts as 
aptured by κI moves slightly below its prior mode. The 
urvature of
apa
ity utilization 
osts is not well identi�ed. This squares with the �ndings by Smets andWouters (2005) who �nd that this term is not a 
ru
ial feature of their e
onomy. As mentionedabove, the te
hnology sho
k had been assigned a serial 
orrelation of 0.85 in quarterly terms.The serial 
orrelation 
oe�
ients of all other sho
ks (apart from the monetary poli
y sho
k,whi
h is white noise) point to equally mild serial 
orrelation of these sho
ks. While the posteriormode of the standard deviation of ea
h of the innovations is hard to interpret, we remark thatun
onditionally, none of the sho
k pro
esses has a standard deviation larger than 5 per
ent.Having tou
hed upon the parameter estimates, we next look deeper into the e
onomi
 �t of theben
hmark model e
onomy.223.4 E
onomi
 EvaluationThe information of labor-market-related time series so far has not been exploited systemati
allyin the estimation of the model parameters and the sho
k pro
esses. In parti
ular, we reserveddata for nation-wide unemployment, ût, low-skilled unemployment, û(2)
t , aggregate va
an
ies, v̂t,and total wages, ŵt + ĥt + n̂t, for validation purposes. Towards this aim, Figure 1 plots thea
tual data for these variables against the Kalman-smoothed model-based estimates evaluatedat the parameters of the posterior mode. Dots mark the a
tual observations and red solid linesdepi
t the 
ounterfa
tual time series implied by the model. All information refers to quarterlyaggregates, the derivation of whi
h are the subje
t of Appendix C.3. A verti
al dashed linemarks the start of our observation sample.As we have dis
ussed in Se
tion 3.1, in our 
alibration we set the workers' outside option insu
h a way that we a
hieve the right size of the un
onditional standard deviations of the twounemployment rates in our model relative to the standard deviations observed in the data.This does not by itself ensure though that the model repli
ates the entire 
y
li
al pattern ofthe respe
tive unemployment rates. Repli
ation of this pattern depends on the interplay ofthe model stru
ture and the estimated sho
ks. In addition, no information about �u
tuationsof va
an
ies nor any information about the 
y
li
al pattern of wages has been 
rafted into our
alibration targets, nor has the information in any of these two series been used in the estimation22 Further statisti
s referring to the �t of the model are summarized in Appendix D.30



pro
ess. As su
h, if the model is able to repli
ate 
losely the evolution of va
an
ies and wagesfurther to the evolution of the two unemployment rates, it does a 
onvin
ing job to 
apture labormarket 
o-movements. That this in fa
t is the 
ase 
an be witnessed from Figure 1. TheFigure 1: Kalman-Smoothed Estimates of Variables Not Used in Estimation
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Notes: The graphs show the a
tual data (bla
k dotted line marked by larger dots) against the (Kalman-smoothed) estimates originating from the model (red solid line) when parameters are evaluated at the pos-terior mode. These are used as independent eviden
e of the model's �t. The data is of quarterly frequen
y.All four series are HP(100,000) �ltered log series and s
aled by 100 to represent per
ent deviations. Fromleft to right: nationwide unemployment rate, va
an
ies, real total wages, low-skilled unemployment rate. Averti
al dashed line marks the beginning of the sample period in 1984:q1.model repli
ates both the variability of the unemployment and va
an
y data and their 
y
li
albehavior as depi
ted in the �rst, se
ond and fourth panel of Figure 1. The key me
hanism ofthe model whi
h endogenously generates labor market �u
tuations relies on a not too 
y
li
aloutside option of workers paired with a small steady state pro�t share in the labor good se
tor.Small pro�ts in steady state mean that a given real �u
tuation in pro�ts 
auses large per
entage�u
tuations. A high outside option of the worker 
auses wages to vary less pro-
y
li
ally thanin the ben
hmark RBC model or in a New Keynesian model without wage rigidity. These twofeatures together imply that any in
rease in revenue translates into a noti
eable in
rease inper
entage pro�ts. Sin
e expe
ted pro�ts are the driving for
e of va
an
y posting a
tivity in ourmodel, large per
entage �u
tuations in pro�ts indu
e as strong �u
tuations in employment asfound in the data. The model also 
aptures the 
y
les in the a
tual data for total wages (thirdpanel of Figure 1).In Table 4, �nally, we report standard deviations of key model variables relative to the standarddeviations of the respe
tive time series. The model is able to rather a

urately generate key prop-erties of the US data that either dire
tly in�uen
e utility, su
h as 
onsumption and hours worked,31



or whi
h 
on
ern the parti
ular labor market risks we wish to study, for example unemployment.Note that apart from the standard deviation of unemployment and output, these moments arenot a dire
t target of our 
alibration. Consumption and hours worked are a bit more volatilethan in the data and so are wages but their volatility is still well below the levels of volatility weseen in the period pre 1984. The volatility of unemployment and va
an
ies is mat
hed withintight bounds. We 
on
lude that the model e
onomy provides a suitable representation of theinterplay of individual labor market risks and aggregate risks in the US e
onomy.Table 4: Standard Deviations in the Model Compared to the DataVariable data ben
hmark model
ŷt 1.61 1.71
ĉt 1.15 1.34
R̂t 0.38 0.47
π̂t 0.24 0.38
ît 6.39 5.92
ĥt + n̂t 1.20 1.59
ŵt + ĥt + n̂t 3.05 3.43
ŵt 2.33 2.03
ût 13.89 13.61
û

(2)
t 12.41 12.16
v̂t 18.81 18.53Notes: The table 
ompares standard deviations of model variables with standard devia-tions in the data. For the latter, all values are 
omputed from 1984q1 to 2005q4. Forthe former, parameters are evaluated at the posterior mode. All variables are in logs,HP(100.000) �ltered and multiplied by 100 in order to express them in per
ent devia-tion from trend. All data are in quarterly terms. From top to bottom: log output per
apita, log 
onsumption per 
apita, nominal interest rate, GDP in�ation rate, investmentper 
apita, total hours worked, total wages, hourly wage rate, unemployment rate, un-employment rate population 16-24, va
an
ies. Investment in
ludes durable 
onsumption.Consequently, 
onsumption is 
omputed as non-durable 
onsumption plus 
onsumption ofservi
es.3.5 Alternative Labor Market CalibrationOur 
alibration relies on a relatively high outside option of workers in the bargaining pro
esswhi
h ensures low steady state pro�ts of labor market �rms and thereby signi�
ant per
entage�u
tuations in pro�ts and hiring a
tivity. The baseline 
alibration followed Jung (2006) andHagedorn and Manovskii (2006) by adjusting the repla
ement rate of workers a

ordingly. As32



illustrated, this renders the model 
onsistent with the business 
y
le eviden
e on labor markets�u
tuations. Yet a repla
ement rate of 60-70% (
f. the numbers in se
tion `Labor market -repla
ement rate' in Table 2) might strike some readers as too high. In parti
ular, Engen andGruber (2001) report an average repla
ement ratio of 43% per
ent rather than the levels used inour baseline.23In this se
tion, we therefore present six alternative 
alibrations, s
enario a) to f) whi
h a
hievea low steady state pro�t of �rms with a more 
onventional size for the repla
ement rate. These
onstitute alternative explanations for the business 
y
le dynami
s witnessed in the US. In par-ti
ular, they explain �u
tuations in the e
onomy just as well as our ben
hmark 
alibration does:un
onditional standard deviations for key variables remain very similar to the ben
hmark (
p. Ta-ble 5). We note that by 
onstru
tion none of these s
enarios 
hanges the targeted steady statevalues. These alternative s
enarios serve to provide bounds for the estimates of the welfare 
ostsof business 
y
les whi
h we will present below. In parti
ular, we entertain the following s
enarios:a) repla
ement rates for both types of workers are 40% of steady state wage in
ome, andthus lower than in the ben
hmark. The remainder in the outside option is taken up bynon-market-tradable home produ
tion, home(o). We set home(1) = 0.1573 and home(2) =

0.1076, whi
h preserves the same value of the outside option of the respe
tive workers asin the ben
hmark 
alibration.b) repla
ement rates are 40%. The remainder in the outside option relative to our ben
hmark
alibration is taken up by setting a su�
iently high value for parameter strike(o). In otherwords, the outside option in the bargaining pro
ess now does not re�e
t 
onsumptionwhen unemployed anymore. Further to this, in this s
enario the 
osts of unemploymentinsuran
e are not ex
lusively borne by the family. Instead in ea
h period employed liquidity-
onstrained 
onsumers have to pay the insuran
e 
osts of unemployed liquidity-
onstrained
onsumers.24 This shows, to some extent, how the welfare 
osts of business 
y
les for both23 Eligibility for unemployment insuran
e and bene�t amounts in the US are determined by the State law underwhi
h unemployment insuran
e 
laims are established. Unemployment insuran
e in the US repla
es on average45% of a 
overed worker's lost earnings (Engen and Gruber, 2001). The exa
t amount repla
ed depends on pre-unemployment earnings and State law. Minimum and maximum repla
ement in
ome levels exist. In addition,unemployment insuran
e 
laims are typi
ally limited to 26 weeks. Unemployment insuran
e is 
onsideredtaxable in
ome and must be reported as su
h on federal in
ome tax forms.24 This s
enario has a one-to-one mapping into a s
enario in whi
h the employers of low-skilled workers pay theirunemployment insuran
e, whi
h 
onsequently will depress these workers' wages in the bargaining pro
ess.33



the liquidity-
onstrained group and for the family depend on the redistribution embodiedin the ben
hmark 
alibration. We set strike(1) = 0.1573, strike(2) = 0.08751 and χ2 = 1.Table 5: Standard Deviations in the Model under Di�erent S
enarios Compared to the DataVariable data ben
hmark a) b) 
) d) e) f)
ŷt 1.61 1.71 1.74 1.71 1.72 1.72 1.72 1.72
ĉt 1.15 1.34 1.29 1.35 1.35 1.36 1.36 1.37
R̂t 0.38 0.47 0.48 0.47 0.47 0.47 0.47 0.47
π̂t 0.24 0.38 0.38 0.38 0.38 0.38 0.38 0.38
ît 6.39 5.92 5.75 5.87 5.90 5.88 5.88 5.87
ĥt + n̂t 1.20 1.59 1.65 1.58 1.60 1.60 1.60 1.61
ŵt + ĥt + n̂t 3.05 3.43 3.52 3.44 3.44 3.45 3.45 3.45
ŵt 2.33 2.03 2.05 2.05 2.03 2.03 2.03 2.03
ût 13.89 13.61 13.89 13.69 13.64 13.66 13.67 13.68
û

(2)
t 12.41 12.16 12.08 12.14 12.11 12.13 12.11 12.11
v̂t 18.81 18.53 19.11 18.65 18.60 18.63 18.64 18.66Notes: The table 
ompares standard deviations of model variables with standard deviations in the data.For the latter, all values are 
omputed from 1984q1 to 2005q4. All variables are in logs, HP(100.000)�ltered and multiplied by 100 in order to express them in per
ent deviation from trend. All data are inquarterly terms. Parameters are evaluated at the posterior mode of the estimated ben
hmark and otherwisefollow Table 1 and the s
enarios for the parameters set in the respe
tive s
enario a) to f). From top tobottom: output per 
apita, 
onsumption per 
apita, gross nominal interest rate, gross GDP in�ation rate,investment per 
apita, total hours worked, total wages, unemployment rate, unemployment rate population16-24, va
an
ies. Investment in
ludes durable 
onsumption. Consequently, 
onsumption is 
omputed asnon-durable 
onsumption plus 
onsumption of servi
es.In order to highlight the role whi
h the relative value of employment to unemployment playsfor the 
osts of business 
y
les, in s
enarios 
) to f) we su

essively redu
e the repla
ement raterelative to the ben
hmark 
alibration, but assure that the model delivers the right amount ofunemployment �u
tuations by adjusting the strike value appropriately. A formal justi�
ationfor our approa
h is derived in Appendix E. No further adjustments are made to the ben
hmark
alibration.
) repla
ement rates for both types of workers are 40% of steady state wage in
ome. Whenunemployed, liquidity-
onstrained 
onsumers fall ba
k on their unemployment insuran
eonly and 
annot make up part of the 
onsumption loss by home-produ
tion. We set
strike(1) = 0.1573, strike(2) = 0.1076, whi
h preserves the value of the outside bargaining34



options in the ben
hmark model. We expe
t higher business 
y
le 
osts for liquidity-
onstrained workers than in the ben
hmark sin
e their repla
ement 
onsumption is lower.d) same 
alibration as in 
) but with a lower repla
ement rate of 20%. This provides ahigher bound for the welfare 
osts of business 
y
les. We set strike(1) = 0.3035 and
strike(2) = 0.1805. Welfare 
osts of liquidity-
onstrained 
onsumers should rise relative tos
enario 
).e) same 
alibration as in 
) and d) but with a lower repla
ement rate of 15%. This providesa higher bound for the welfare 
osts of business 
y
les. We set strike(1) = 0.3401 and
strike(2) = 0.19869. Welfare 
osts of liquidity-
onstrained 
onsumers should rise relativeto 
) and d).f) is the same 
alibration as in 
), d) and e) but with a lower repla
ement rate of 10%. Thisprovides a higher bound for the welfare 
osts of business 
y
les. We set strike(1) = 0.3767and strike(2) = 0.2169.Welfare 
osts of liquidity-
onstrained 
onsumers should rise relativeto 
), d) and e).Figure 2 
omputes the �u
tuations of labor market variables over the re
ent de
ades in the modelwhen using the alternative 
alibration embedded in three of the s
enarios des
ribed above to theben
hmark 
alibration.254 The Costs of Business Cy
lesWe evaluate the welfare 
osts of business 
y
les in terms of 
onsumption-equivalents. In parti
-ular, we ask whi
h share of steady state 
onsumption a 
onsumer would be willing to give up inorder to swap the a
tual state-dependent allo
ation against the steady state allo
ation, i.e. theallo
ation prevailing in the absen
e of aggregate business 
y
le sho
ks. For the 
al
ulation of ourwelfare measure we thus swit
h o� all six aggregate sho
ks. We do, however, take into a

ountthat even in the absen
e of business 
y
les workers will �u
tuate into and out of employment.Furthermore, by assumption, low-skilled, liquidity-
onstrained 
onsumers remain in this group25 The remaining three s
enarios d) to f) are omitted from the Figure sin
e the 
orresponding graphs are indis-tinguishable to the human eye from those for s
enario 
).35



Figure 2: Kalman-Smoothed Estimates of Labor Market Variables for Some S
enarios
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Unemployment insuran
e 
osts not only borne by family, b)
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Notes: The graphs show the a
tual data (bla
k dotted line marked by larger dots) against the(Kalman-smoothed) estimates originating from the model (red solid line) when parameters areevaluated at the posterior mode. These are used as independent eviden
e of the model's �t. Thedata is of quarterly frequen
y. All four series are HP(100,000) �ltered log series and s
aled by 100to represent per
ent deviations. From left to right: nationwide unemployment rate, va
an
ies,real total wages, low-skilled unemployment rate. A verti
al dashed line marks the beginning ofthe sample period in 1984:q1. S
enarios d), e) and f) are omitted as the graphs look virtuallyidenti
al to those of s
enario 
).
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also in the absen
e of aggregate sho
ks. That is, we eliminate all aggregate risk but retain an indi-vidual's risk. Our welfare measure refers to the un
onditional mean of 
onsumption-equivalents,the 
omputation of whi
h is explained below.4.1 Welfare 
riterion: Asset-holding householdsThe welfare of asset-holding households is given by
W

(1)
t =

(
c
(1)
t − ̺(1)c

(1)
t−1

)1−σ

1 − σ
− κL(1 − u

(1)
t )

(
h

(1)
t

)1+ϕ

1 + ϕ
+ βEt

{
W

(1)
t+1

}
.Assigning λequiv,1t times steady state 
onsumption and the steady state allo
ation of unemploy-ment and hours worked, 
ounterfa
tual welfare for this group is given by

W
(1)
t =

(
λequiv,1

t

)1−σ 1

1 − β

[(
c− ̺(1)c

)1−σ

1 − σ

]
−

1

1 − β

[
κL(1 − u(1))

(
h(1)

)1+ϕ

1 + ϕ

]
.Our measure of welfare de�nes the 
onsumption-equivalent by equating a
tual welfare with wel-fare under the 
ounterfa
tual allo
ation:

W
(1)
t ≡W

(1)
t ⇒ λequiv,1

t .The welfare measure reported in Table 6 refers to the expe
ted un
onditional per
ent 
onsumption-equivalent welfare, −E {log(λequiv,1
t )

}
∗ 100. In order to obtain an estimate of the welfare 
ostsof business 
y
les, we use se
ond-order approximations as in S
hmitt-Grohé and Uribe (2004b).264.2 Welfare 
riterion: Liquidity-
onstrained workersFor liquidity-
onstrained 
onsumers we also 
ompute 
onsumption-equivalents. In doing so, weassume that a worker would need to forfeit the same per
entage of 
onsumption relative tosteady state in both states of employment. Counterfa
tual welfare-equivalents 
an depend onthe 
urrent employment state of the worker.26 In more detail, our programs build on Matlab 
ode for se
ond-order approximations by Paul Klein (available athttp://e
onomi
s.uwo.
a/fa
ulty/klein/personal/
ode). Di�erentiation in the 
ode is done numeri
ally. The
ode is des
ribed in Gomme and Klein (2006).
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4.2.1 Welfare of Unemployed and Employed workersThe welfare of an unemployed, liquidity-
onstrained worker is given by
W

(2)
u,t =

(
c
(2)
u,t − ̺(2)c

(2)
t−1
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t Et
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+ β(1 − s
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t )Et
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}
.The welfare of an employed, liquidity-
onstrained worker is given by
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.Welfare evaluated at welfare-equivalent 
onsumption for the respe
tive liquidity-
onstrainedworker is given by
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 .Supers
ript x in λequiv,2,x
t indi
ates that we entertain three di�erent 
on
epts of welfare measuresfor low-skilled, liquidity-
onstrained workers. One of these asks for the willingness to pay by anunemployed worker:

W
(2)
u,t ≡W

(2)
u ⇒ λequiv,2,u

t .Similarly, one 
an ask for the willingness to pay an employed worker:
W

(2)
e,t ≡W

(2)
e ⇒ λequiv,2,e

t .Alternatively, one 
an target the average liquidity-
onstrained worker:
u

(2)
t W

(2)
u,t + (1 − u

(2)
t )W

(2)
e,t ≡ u(2)W

(2)
u + (1 − u(2))W

(2)
e ⇒ λequiv,2

t .Also here the welfare measures reported in Table 6 refer to the un
onditional per
ent 
onsumption-equivalent, −E {log(λequiv,2,x
t )

}
∗ 100.4.3 Abstra
ting from hours worked in 
al
ulating welfareFlu
tuations in hours worked may be of key importan
e for the business 
y
le dynami
s. In ourmodel though, they do not only have an important role to play in the bargaining pro
ess but they38



also have a strong, dire
t e�e
t on workers' (dis)utility. As su
h, �u
tuations in hours worked
ould have a potentially signi�
ant impa
t on our estimates of the welfare 
osts of business
y
les. It is, however, not entirely 
lear whether this impa
t is a
tually warranted. In parti
ular,other reasonable me
hanisms 
ould be envisaged through whi
h hours worked would still play arole in the wage bargaining pro
ess but in whi
h this role would not dire
tly work through theworker's utility fun
tion. Furthermore, we do not 
onsider hours spent working (or the 
y
li
al�u
tuations thereof) when unemployed be it, say, sear
hing for a new job or in home-produ
tion.We therefore wish to safeguard ourselves against misrepresenting the welfare 
osts of business
y
les. Consequently we examine the robustness of our results by also reporting 
ounterfa
tualwelfare measures when �swit
hing o�� the disutility of work term in the evaluation of the utilitydi�eren
e (but not in the bargaining pro
ess).4.4 ResultsTable 6 reports the welfare 
osts of business 
y
les in the respe
tive s
enarios. The entries 
anbe interpreted as 
ounterfa
tual premia for insuran
e against business 
y
le risk. For example,Table 6: Welfare 
osts of Business Cy
les (in per
ent)Variable ben
hmark a) b) 
) d) e) f)Family .513 .554 .382 .606 .389 .489 .588Average liquidity-
onstr. .196 .198 .738 .475 .859 1.135 1.292Employed liquidity-
onstr. .196 .198 .733 .470 .847 1.119 1.271Unemployed liquidity-
onstr. .194 .196 .753 .490 .893 1.182 1.342Family no hours .398 .330 .337 .298 .387 0.340 0.294Avg. type 2 no hours .302 .309 .664 .549 .975 1.110 1.462Empl. type 2 no hours .300 .306 .656 .541 .960 1.092 1.439Unempl. type 2 no hours .308 .315 .688 .569 1.015 1.156 1.524Notes: Welfare 
osts of business 
y
les. The table reports for the ben
hmark model and all six s
enariosthe welfare 
osts of business 
y
les. These are 
omputed as the mean per
ent of steady state 
onsumptionwhi
h the agent would be willing to forego if business 
y
les were eliminated. For a des
ription of s
enariosa) to f) please refer to Se
tion 3.5.in the ben
hmark model the representative family member would be willing to forego 0.513% ofsteady state 
onsumption if in return all business 
y
le risk would be eliminated (see the �rst39



entry of Table 6, i.e. row 2, 
olumn 2). Eliminating the dire
t e�e
t of hours worked on the
al
ulation of the 
osts of business 
y
les results in smaller 
osts whi
h do, however, still run upto 0.398% of steady state 
onsumption for the family member (Table 6, row 5, 
olumn 2).A 
ouple of results are worth mentioning: First, all of our welfare numbers are signi�
antlyhigher than Lu
as' (1987) and, for the ben
hmark 
alibration, are in the same range of numbersreported by Costain and Reiter (2005b). The latter authors obtain similar numbers for a realbusiness 
y
le model with heterogeneous agents and equilibrium unemployment. The reason whywe �nd higher numbers than Lu
as (1987) even for the family members (who insure ea
h otheragainst unemployment risk) is primarily due to the fa
t that, in a se
ond-order approximation,the poli
y fun
tions are in�uen
ed by the sho
k stru
ture, while in Lu
as's experiment theexogenous 
onsumption pro
ess has no general equilibrium feedba
k. In our 
ase, however, aredu
tion in volatility will have an e�e
t on the average level of endogenous variables.27 As anexample, Table 7 reports the mean value of sele
ted key variables in the ben
hmark 
alibrationand 
ompares these to the steady state in this 
alibration (
olumns 2 to 4). As is apparentfrom this table, unemployment rates are on average slightly higher than in steady state and
onsumption and output are signi�
antly lower, by 0.33% and 0.23%, respe
tively. In addition,all workers, when employed work more hours.Se
ond, and perhaps surprisingly, the welfare 
osts for the liquidity 
onstrained workers arenot uniformly higher than that of their family 
ounterparts. In parti
ular, in the ben
hmark
alibration the family su�ers two and a half times more 
osts of business 
y
les than the liquidity-
onstrained worker. This e�e
t is due to our assumption that the outside option of the worker is
lose to its wage in
ome. On
e this assumption is relaxed we see that the liquidity-
onstrainedworker does su�er quite a bit more from unemployment due the drop in 
onsumption whenunemployed; 
ompare the ben
hmark with s
enarios 
), d), e) and f) whi
h, in this order, featurerepla
ement rates from over 60% (ben
hmark) to 10%. For a low repla
ement rate, in parti
ular,liquidity-
onstrained workers would pay up to three times as mu
h as the family for avoidingthe business 
y
le (�ve times as mu
h when abstra
ting from hours worked in the evaluation ofwelfare).Third, the way unemployment bene�ts are �nan
ed, is of utmost importan
e. Experiment b)27 Put di�erently, the e
onomy does not spend its time on average at the steady state.40



Table 7: Moments in the Ben
hmark ModelVariable E {xt} E {xt} − x E{xt}−x
x · 100 std(xt) · 100

std(xt)
x · 100

yt 0.997 -.0023 -0.233 1.73 1.73
ct 0.588 -.0019 -0.327 0.79 1.35
c
(1)
t 0.633 -.0021 -0.335 0.86 1.36
c
(2)
t 0.352 -.0009 -0.259 0.71 2.01
c
(2)
e,t 0.363 -.0006 -0.169 0.66 1.82
c
(2)
u,t 0.253 -.0000 -0.000 0.00 0.00
cm,t 0.588 -.0019 -0.327 0.79 1.35
c
(1)
m,t 0.633 -.0021 -0.335 0.86 1.36
it 0.284 -.0007 -0.243 1.70 5.95
kst 29.679 -.0511 -0.171 63.15 2.12
Rt 1.005 .0000 0.003 0.16 0.15
πt 1.002 .0000 0.005 0.14 0.14
htnt 0.308 -.0003 -0.083 0.51 1.66
h

(1)
t 0.333 .0005 0.147 0.40 1.22
h

(2)
t 0.295 .0001 0.021 0.05 0.20
wthtnt 0.634 -.0015 -0.229 2.32 3.64
wt 2.058 -.0036 -0.174 4.51 2.18
w

(1)
t 2.190 -.0043 -0.195 4.79 2.18

w
(2)
t 1.231 -.0023 -0.188 2.39 1.94

ut 0.060 .0021 3.595 0.80 13.89
u

(1)
t 0.051 .0018 3.510 0.74 14.93
u

(2)
t 0.103 .0038 3.818 1.22 12.25
s
(1)
t 0.561 -.0088 -1.537 9.43 16.55
s
(2)
t 0.262 -.0072 -2.651 4.05 15.00Notes: This table reports moments of the model variables in levels for the ben
hmark s
enario.Column 2 reports the un
onditional mean, E{xt}. Column 3 reports the mean deviation fromsteady state E{xt}−x. Column 4 reports the mean per
ent deviation from steady state (E{xt}−

x)/x ∗ 100. Column 5 reports the standard deviation (multiplied by 100 for better readability),
std(xt). Column 6 reports the per
ent standard deviation from steady state std(xt)/x. Note:all variables are in monthly terms.
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and 
) both feature a repla
ement rate of 40% and no home produ
tion. Experiment 
) assignsthe �nan
ing of all unemployment insuran
e to the family while experiment b) has the low-skilled (and poorer) workers pay for their own unemployment insuran
e. We see that on theother hand the family might su�er quite a bit when having to pay the full tax burden for thelow-skilled workers and that the 
osts of business 
y
les for the liquidity-
onstrained workers aresubstantially higher when they are not subsidized by the family.Fourth, for the family the 
osts of business 
y
les in
rease from experiment e) to f). While theutility di�eren
e between employment and unemployment in
reases, family members fully insureea
h other against be
oming unemployed. This result is thus not entirely intuitive at �rst glan
e.This may have to do with the mean levels of 
onsumption, hours worked and unemployment inthe respe
tive 
alibrations. We are 
urrently investigating this further.Fifth, as we would expe
t, the in
rease in the utility di�eren
es between employment and unem-ployment 
auses in
reasing 
osts of business 
y
les for liquidity-
onstrained workers as exempli-�ed when passing through s
enarios 
) through f). Here the di�eren
e is quite substantial andalmost triples a
ross the s
enarios.In interpreting the repla
ement rate it is important to note that even though the worker re
eives,say, only 20% of his steady state wage in
ome, in our 
urrent 
alibration he fully enjoys his leisuretime. The value of leisure in our 
alibration is roughly equivalent to one third of wage in
omeper month. This implies that the overall monthly value of staying at home in this example would
orrespond to around 55% of total wage in
ome. To put our experiment into perspe
tive, inour 
ase d) we therefore ex
eed the repla
ement rate assumed by Shimer (2005) by a full 13%.In parti
ular, only the low repla
ement rate in 
ase f) would roughly 
orrespond to Shimer's
alibration. This is due to the fa
t that Shimer (2005) does not 
onsider a 
hoi
e of hoursworked, so his repla
ement rate (he argues for 40% of wage in
ome) might best be interpreted asthe joint gain from unemployment bene�ts and leisure time minus the 
ost of sear
hing for a newjob.28 Given the unanimity and variety of 
alibrations regarding this value in the literature, wefeel that virtually all of the alternative s
enarios 
ould be supported by some existing 
alibrationin the literature. For this reason we prefer to report an entire range for this surplus and for the28 We abstra
t from modeling sear
h 
osts expli
itly. Sin
e these are unobservable a pre
ise number is hard to
ome by. One 
ould, for example, re
on
ile a fa
tual repla
ement rate of 40% with Shimer's 
alibration if onewere to allow for a 
ost of sear
hing whi
h roughly amounts to half the utility 
ost of working in ea
h month.In this 
ase experiment d) would 
apture the 
orre
t setup.42



ensuing estimates of the welfare 
osts of business 
y
les.Finally, in summarizing our results, we would like to point out that even for the s
enarios fea-turing lower repla
ement rates, our estimates of the welfare 
osts of business 
y
les appear to be
ontained after all. In parti
ular, even workers who fa
e on average very high, very volatile andstrongly 
ounter-
y
li
al unemployment rates and who 
annot self-insure at all against unemploy-ment risk but rather depend ex
lusively on unemployment bene�ts when they lose their job wouldbe willing to spend at most 1.5% of their monthly 
onsumption stream to buy business-
y
leinsuran
e. Of 
ourse, our model abstra
ts from a number of features that still might in
rease thea
tual 
osts of business 
y
les. In parti
ular, it does not 
apture the fear of workers of hittingthe maximum duration of unemployment insuran
e if they have not found a job rapidly enough.The model is does not in
lude the risk of be
oming borrowing-
onstrained only in a re
ession(starting from a high 
onsumption level) � yet, it also does not in
lude the 
ountervailing gainsfrom leaving the 
onstrained group more easily in a boom period. We furthermore rule out byassumption any possible 
osts that might originate from a loss of skills or �rm-spe
i�
 human
apital o� the job and whi
h might lead to a persistent transition from a higher skill and earn-ings group to a lower in
ome group. These 
aveats notwithstanding, our results suggest that thewelfare 
osts of business 
y
les are larger than negligible for poli
ymakers but that they still donot run to prohibitively high numbers.Here a ni
e graph tra
ing out the welfare 
osts for di�erent repla
ement rates.5 Con
lusionThe 
osts of business 
y
les 
ru
ially depend on the 
orrelation of idiosyn
rati
 risk and aggre-gate risk, the amount of self-insuran
e available and the amount of insuran
e provided by thegovernment. A potentially important ingredient for this 
orrelation might be unemployment risk.This paper developed a New Keynesian model with mat
hing fri
tions and liquidity-
onstrained
onsumers. The model was estimated on US data with Bayesian te
hniques. The estimationpro
edure a

ounted expli
itly for the frequen
y mismat
h between the model and the data. Weillustrated that the model 
onstitutes a good representation of the relationship between aggregaterisk and individual unemployment risk. In parti
ular, the model repli
ates the �u
tuations of un-43



employment rates endogenously (without the unemployment series being used in the estimation)and implies reasonable business 
y
le statisti
s for many important endogenous variables.Given this, in our view, a

eptable �t of the model for key variables we used this model to providebounds for the 
osts of business 
y
les for di�erent assumptions regarding the e�e
tiveness ofgovernmental unemployment bene�t s
hemes and regarding the importan
e of self-insuran
ethrough saving and home-produ
tion.Our lowest estimates for the 
osts of business 
y
les are an order of magnitude larger thanthe estimates provided by Lu
as (1987). Namely 
onsumers would voluntarily forego 0.19%of steady state 
onsumption if in return all aggregate risk would be eliminated. If the gainfrom working relative to being unemployed is assumed to be higher, the 
osts for low-skilled,liquidity-
onstrained workers in
rease up to 1.5% of steady state 
onsumption.Overall, thus even for low-skilled workers who fa
e a signi�
ant unemployment risk the estimated
osts of business 
y
les do not appear to be prohibitively high. While our estimates negle
t anumber of other potential sour
es of business 
y
le 
osts (but also a number of mitigating for
es),as far as being part of the bottom of the wealth and skill distribution is a persistent phenomenonand if the likelihood of moving in and out of this group is low, we view our estimates as asuggestive upper bound for the business 
y
le 
osts in the presen
e of equilibrium unemploymentfor these relatively poor agents.
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(1)
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t−1)

−σ = (c
(1)
u,t − ̺(1)c

(1)
t−1)

−σ, (60)where c(1)e,i,t denotes 
onsumption of an employed member i and c
(1)
u,t denotes the 
onsumptionof unemployed members. Therefore, sin
e marginal utility of 
onsumption does not depend onhours worked, we have

c
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u,t = c
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t .Consequently, inner-period family utility 
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di. (61)A.1 Derivation of Utility Di�eren
eThe utility di�eren
e for the family 
an be derived by 
omputing the value of a marginal familymember in employment. Towards that aim, we 
ompute the 
hange in (3) subje
t to an optimal48



allo
ation of resour
es among family members (61), budget 
onstraint (6) and the employment�ow 
onstraint (30) whi
h states that the fra
tion of employed members in the family evolvesa

ording to
n

(1)
t = (1 − ϑ(1))n

(1)
t−1 + s

(1)
t−1u

(1)
t−1.The utility di�eren
e, ∆t, for family utility (61) then 
an be expressed as
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B DataB.1 Sour
e and De�nition of DataTable 8: Des
ription of Raw DataMnemoni
 Data des
riptionConsumption of servi
es PCESV Personal Consumption Expenditures: Servi
esquarterly, seasonally adjusted annual ratesbillions of dollars.Consumption of non-durables PCND Personal Consumption Expenditures: Nondurable Goodsquarterly, seasonally adjusted annual ratesbillions of dollars.Consumption of durables PCDG Personal Consumption Expenditures: Durable Goodsquarterly, seasonally adjusted annual ratesbillions of dollars.Fixed investment FPI Fixed Private Investmentquarterly, seasonally adjusted annual ratesbillions of dollars.GDP de�ator GDPDEF Gross Domesti
 Produ
t: Impli
it Pri
e De�atorquarterly, seasonally adjusted annual rateindex 2000=100.Interest rate FEDFUNDS E�e
tive Federal Funds Ratemonthly average, % p.a.quarterly average of monthly �gures (own aggregation).Labor for
e CNP16OV Civilian Noninstitutional Populationthousands,quarterly average of monthly �gures (own aggregation).Output GDP Gross Domesti
 Produ
tquarterly, seasonally adjusted annual ratesbillions of dollars.Total hours worked AWHNONAG Average Weekly Hours: Total Private Industies (index)monthly, seasonally adjusted,quarterly average of monthly �gures (own aggregation).Total wages WASCUR Compensation of Employees: Wages and Salary A

ruals,billions of dollars, quarterly,seasonally adjusted at annual rate.Unemployment rate UNRATE Civilian Unemployment Ratemonthly, seasonally adjusted,quarterly average of monthly �gures (own aggregation).Unempl. rate low-skilled LNS14027659 Unempl. Rate - Less than High S
hool Diploma, 25 yrs andovermonthly, seasonally adjusted,sour
e: Bureau of Labor Statisti
s,quarterly average of monthly �gures (own aggregation).Va
an
ies HELPWANT Index of Help-Wanted Advertisingbase year 1987=100, seasonally adjustedquarterly average of monthly �gures (own aggregation).Youth unemployment rate LNS14024887 Unemployment Rate - 16-24 yrs,monthly, seasonally adjusted,sour
e: Bureau of Labor Statisti
s.quarterly average of monthly �gures (own aggregation).Notes: All data are obtained from the Federal Reserve Bank of St. Louis database FRED unless expli
itly statedotherwise.
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Table 9: Data Used for Estimation and Veri�
ationVariable FormulaConsumption per 
apita ct = (PCESV+PCND)t/(4 ×GDPDEFt · CNP16OVt).Investment per 
apita it = (PCDG+FPI)t/(4 ×GDPDEFt · CNP16OVt).Output per 
apita yt = GDPt/(4 ×GDPDEFt · CNP16OVt).Quarterly federal funds rate Rt = 1 + FEDFUNDSt/400.Quarterly in�ation rate Πt = GDPDEFt/GDPDEFt−1.Total hours worked ht · nt = AWHNONAGt · (1 −UNRATEt/100).Total wages wt · ht · nt = WASCURt/(4 ×GDPDEFt · CNP16OVt).Unemployment rate ut = UNRATEt/100.Unemp. rate liquidity-
onstr. u
(2)
t = LNS14024887t/100.Va
an
ies vt = HELPWANTt.Notes: Mnemoni
s in the formulae refer to the de�nitions in Table 8.B.2 Moments and Plots of the DataTable 10: Moments of Data (1984:q1 to 2005:q4)Variable Meaning std std to y 
orr with y mean ratio to y

ŷt output 1.61 1 1 1
ĉt 
onsumption 1.15 0.71 0.73 0.59
ît investment 6.39 3.98 0.81 0.24std std to y 
orr with y mean
R̂t nom. interest rate (gross) 0.38 0.24 0.59 1.013
π̂t GDP in�ation rate (gross) 0.24 0.15 -0.04 1.006
ĥt + n̂t total hours worked 1.20 0.75 0.86 �
ŵt + ĥt + n̂t total wage in
ome 3.05 1.90 0.86 �
ŵt wage per hour 2.33 1.45 0.68 �
ût unemployment rate (all) 13.89 8.64 -0.92 5.79
û

(2)
t u. rate 16-24 (proxy low-skill) 10.02 6.23 -0.91 11.94
û

(2)
t u. rate high-s
hool drop-out 12.41 7.72 -0.90 8.47
v̂t va
an
ies (help-wanted index) 18.81 11.70 0.82 �Notes: The table reports summary statisti
s of the data. The third to �fth 
olumn show statisti
s for HP(100.000)�ltered data. The third 
olumn reports the standard deviation of the series, the fourth its standard deviationrelative to GDP. The �fth 
olumn shows the 
ross-
orrelation with GDP. For GDP 
omponents, the �nal 
olumnreports the mean share in GDP. For all other series, the mean of the series in levels is shown. The 
omputationsare performed on the sample from 1984:q1 to 2005:q4. The data is HP-�ltered from 1964:q1 to 2005:q4. Thereported investment GDP ratio is 
al
ulated as the ratio of �xed private investment plus durable 
onsumptionto GDP. The 
onsumption output ratio 
onsequently is 
omputed as the ratio of non-durable 
onsumption plusservi
es to GDP.
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Figure 3: Plots of the Raw Data
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Figure 4: Plots of HP(100,000) Filtered Data
ŷt ĉt R̂t

1964 1974 1984 1994 2004

−6

−4

−2

0

2

4

1964 1974 1984 1994 2004
−6

−4

−2

0

2

1964 1974 1984 1994 2004

−0.5

0

0.5

1

1.5
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C Estimation AlgorithmFor the estimation of our model we apply Bayesian te
hniques as in Smets and Wouters (2005).The estimation methodology 
onsists of �ve steps. In step one we solve the linearized rationalexpe
tations model for a given set of parameters. A non-standard feature is that the e
onomyis modeled at a monthly frequen
y in order to a
hieve 
onsisten
y of the employment sto
kand �ow data but estimated using data at a quarterly frequen
y. In step two we thus derive astate-equation in quarterly terms and a measurement equation whi
h links the seven observablevariables to the ve
tor of state variables. In step three the likelihood fun
tion is evaluated usingthe Kalman �lter. Step four involves 
ombining this likelihood fun
tion with a prior distributionover the parameters to form the posterior density fun
tion. The �nal step 
onsists of numeri
allyderiving the posterior distribution of the parameters. We 
ompute the posterior mode and theLapla
e approximation to the marginal data density. This appendix summarizes the approa
htaken.C.1 Observation and State EquationWe start by deriving our observation equation and the state equation for the Kalman �lter.Using these, the Kalman �lter is standard; see e.g. Hamilton, 1994, 
h. 13.Observation EquationFor a parti
ular set of parameters, the equilibrium law of motion of the linearized model takesthe form
yt = Fxxt + Fuut, (63)where yt (ny x 1) 
olle
ts the endogenous variables of the model in per
ent deviation from steadystate, xt (nx x 1) 
olle
ts the endogenous states of the model, nx < ny, and ut (nu x 1) 
olle
tsthe innovations of the model. Here a time index t refers to one month. The 
onformable matrizes

Fx and Fu are fun
tions of the model parameters. The endogenous states of the monthly modelin equilibrium evolve a

ording to
xt = Axxt−1 +Buut, ut

iid
∼ N(0,Ω), (64)

54



where Ax and Bu are again fun
tions of the model parameters. By assumption, the e
onometri-
ian 
an observe data only at a quarterly frequen
y. Let nz be the number of series whi
h areobservable ea
h quarter. Let tq be the month at the end of an arbitrary quarter, q, and let zqdenote the observation of the ve
tor z in quarter q. The observable variables are de�ned as
zq = W0ytq +W1ytq−1 +W2ytq−2 + νq. (65)Here zq is (nz x 1), and νq

iid
∼ N(0,Σ) is a 
onformable measurement error whi
h is orthogonal tothe stru
tural innovations, ut, 
ontemporaneously and at all lags and leads. Conformable matri-
es W0, W1 and W2 are of dimension (nz x ny). They appropriately weight monthly endogenousvariables for the quarterly observations. For the 
onstru
tion of the weighting matri
es using thepre
ise empiri
al exer
ise of our paper see Appendix C.3. Rewriting (65) in matrix form yields

zq = W





ytq

ytq−1

ytq−2



+ νq, (66)where weighting matrix W = [W0,W1,W2]. De�ne the state ve
tor x̃t by sta
king endogenousstates in t and the innovations,
x̃t ≡



 xt

ut



 .Using this de�nition, we 
an rewrite (63) as
yt = F x̃t, (67)where F = [Fx, Fu]. As a results, the ve
tor of observable variables in (66), zq , 
an be expressedas

zq = Wx̃





x̃tq

x̃tq−1

x̃tq−2




+ νq, (68)

where weighting matrix Wx̃ = [W0F,W1F,W2F ]. De�ne x̃
long
q ≡ x̃

long
tq ≡





x̃tq

x̃tq−1

x̃tq−2




. Using thisnotation, the following equation (68) is our observation equation:

zq = Wx̃x̃
long
q + νq. (69)55



State EquationSta
k xt in (64) and ut, so
x̃tq = Ax̃x̃tq−1 +Bũutq . (70)Here Ax̃ =



 Ax 0

0 0



 and Bũ =



 Bu

Inu



 . Here Inu
denotes an identity matrix of dimension

nu. Sta
king further in order to produ
e a law of motion for x̃
long
tq gives

x̃
long
tq = A

x̃long x̃long
tq−1 +B

ũlongutq , (71)where A
x̃long =





Ax̃ 0 0

Inx+nu
0 0

0 Inx+nu
0




and B

ũlong =





Bũ

0

0




. Now substitute (71) iterativelyin (71) to obtain

x̃
long
tq = A3

x̃longx̃long
tq−3

+A2
x̃longBũlongutq−2 +A

x̃longBũlongutq−1 +B
ũlongutq .

(72)Colle
ting terms in (72) we have that
x̃
long
tq = A3

x̃longx̃long
tq−3 + ǫq, (73)where

ǫq ≡ A2
x̃longBũlongutq−2 +A

x̃longBũlongutq−1 +B
ũlongutq .Sin
e ut

iid
∼ N(0,Ω), from a quarterly perspe
tive ǫq iid

∼ N(0,Ξ) with
Ξ = A2

x̃longBũlongΩBũlong ′A2
x̃long ′

+A
x̃longBũlongΩBũlong ′Ax̃long ′

+B
ũlongΩBũlong ′. (74)Our observation equation at a quarterly frequen
y is therefore given by

x̃
long
q = A3

x̃long x̃long
q−1 + ǫq, (75)with ǫq iid

∼ N(0,Ξ) and Ξ given by (74).
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C.2 Bayesian EstimationLet θ denote the ve
tor of parameters we estimate. θ 
ontains all the model parameters, in
ludingthe se
ond moments in varian
e-
ovarian
e matrix Ω. θ also 
ontains the standard deviation ofthe measurement error in quarterly terms as summarized by varian
e-
ovarian
e matrix Σ. Letthe prior be given by p(θ). Marginal priors are assumed to be independent. Conditional on theparameters, θ, and an initial state, x̃long
0 = 0, the endogenous variables are normally distributed;
ompare (69) and (75). Let L({zq};θ) denote the Gaussion likelihood of sample {zq} given

θ. The likelihood is evaluated using a standard Kalman �lter with the observation and stateequation de�ned in Appendix C.1. The posterior is given by
p(θ|{zq}) =

p(θ)L({zq};θ)

p({zq})
∝ p(θ)L({zq}; θ).The marginal data density is given by

p({zq}) =

∫
p(θ)L({zq};θ)dθ.In our paper we 
ompute the marginal data density by means of a Lapla
e approximation aroundthe posterior mode.C.3 AggregationThis subse
tion dis
usses the time-aggregation 
ondu
ted by matrix Wx̃ in equation (68). Inthe following let xquartq denote the observation in quarter q of a quarterly transformation of themonthly variables xtq , xtq−1 and xtq−2. xquartq is one of the elements of the ve
tor of observ-able variables, zq. Hats, in x̂ quart

q for example, denote per
ent deviations of a variable from itssteady state. Quarterly gross interest rates and gross in�ation rates are not annualized and thus
omputed as the produ
t of their monthly 
ounterparts. Consequently, log-linearized, we have
R̂ quart

q = R̂tq + R̂tq−1 + R̂tq−2.In ea
h of the matri
esW0,W1, andW2, in the row pertaining to R̂ quart
q the weight in the 
olumnbelonging to R̂tq is therefore unity. Similarly,

Π̂ quart
q = Π̂tq + Π̂tq−1 + Π̂tq−2.57



As an example for a sto
k variable, the per
ent deviation of the average unemployment rate overthe quarter is (up to a �rst-order approximation)
û quart

q =
uquartq −uquart

uquart
=

1
3(utq+utq−1+utq−2)− 1

3
(u+u+u)

1
3
(u+u+u)

=
1
3((utq−u)+(utq−1−u)+(utq−2−u))

1
3
(u+u+u)

=
(utq−u)+(utq−1−u)+(utq−2−u)

(u+u+u)

=
(utq−u)+(utq−1−u)+(utq−2−u)

3u

= 1
3

(
utq−u

u +
utq−1−u

u +
utq−2−u

u

)

= 1
3

(
ûtq + ûtq−1 + ûtq−2

)
.Here uquart refers to the steady state of the average unemployment rate of a quarter, and u to thesteady state unemployment rate in an arbitrary month. Naturally, these two values 
oin
ide. Inea
h of the matri
es W0,W1, and W2, in the row pertaining to û quart

q the weight in the 
olumnbelonging to ûtq are therefore equal to 1
3 . Following the same lines, the per
entage deviationof average sto
k variables over the quarter is in general 
omputed as the mean of the monthlydeviation. Consequently, the average va
an
y posting a
tivity is given by

v̂ quart
q = 1

3

(
v̂tq + v̂tq−1 + v̂tq−2

)and the average wage rate over a quarter is
ŵ quart

q = 1
3

(
ŵtq + ŵtq−1 + ŵtq−2

)
.As an example for a �ow variable, the per
ent deviation of quarterly GDP from steady state (upto a �rst-order approximation) is

ŷ quart
q =

yquartq −yquart
yquart

=
(ytq+ytq−1+ytq−2)−3y

3y

=
(ytq−y)+(ytq−1−y)+(ytq−2−y)

3y

= 1
3

(
ytq−y

y +
ytq−1−y

y +
ytq−2−y

y

)

= 1
3

(
ŷtq + ŷtq−1 + ŷtq−2

)
.In the row pertaining to ŷquartq , the weights on ŷtq are therefore equal to 1

3 in ea
h of the matri
es
W0,W1, and W2. Per
ent deviations of quarterly �ow variables are hen
e also 
omputed as58



the mean of the 
orresponding monthly observations. Consequently, the deviation of quarterly
onsumption from steady state is
ĉ quartq = 1

3

(
ĉtq + ĉtq−1 + ĉtq−2

)
,the deviation of quarterly investment from steady state is

î quartq = 1
3

(
îtq + îtq−1 + îtq−2

)and, �nally, the deviation of total hours worked in quarter q is given by
(̂h · n)

quart
q = 1

3

(
(̂h · n)tq + (̂h · n)tq−1 + (̂h · n)tq−2

)
.

D Traditional Performan
e MeasuresThis appendix formally evaluates the statisti
al performan
e of the model. Table 11 shows themarginal data density of the model using a Lapla
e approximation around the posterior mode.As an empiri
al ben
hmark we report the marginal data density for Bayesian VARs up toTable 11: Log Marginal Data DensityVAR(1) VAR(2) VAR(3) ModelExa
t Lapla
e Exa
t Lapla
e Exa
t Lapla
e Lapla
e-247.47 -248.32 -238.23 -240.50 -250.32 -254.75 -315.02Notes: Marginal data density of Bayesian VARs with one to three lags under �at priors, using theLapla
e approximation and the exa
t formula ea
h. The model marginal data density is 
omputedusing the Lapla
e approximation.a lag of order three. Judging from a purely statisti
al perspe
tive, the data density does not
ome 
lose to the data density of the non-stru
tural 
ompetitors29 although se
tion 3.4 presented
ompelling e
onomi
 eviden
e in the model's favor.Table 12 
ontrasts the in-sample root-mean-squared fore
ast errors of the observable time-serieswhen using the model (
olumn two) with those obtained in a VAR(1) (
olumn three). Apartfrom the RMSE for investment, the model in terms of fore
ast errors does not look too far apart29 Like in the estimation of the model, the VARs feature a long burn-in sample, from 1964:q1 to 1983:q4. Theydo not feature deterministi
s, i.e. espe
ially no 
onstant term.59



Table 12: Model RMSE and Se
ond Moments Compared to DataVariable RMSE (model) RMSE (VAR) std (model) std (data)
ŷt 0.55 0.46 1.71 1.61
ĉt 0.41 0.33 1.33 1.15
R̂t 0.11 0.11 0.47 0.38
π̂t 0.23 0.20 0.38 0.24
ît 1.81 1.33 5.92 6.39

ĥt+n̂t 0.46 0.30 1.59 1.20Notes: The table 
ompares root mean squared fore
ast errors of the model (in sample) at theposterior mode to those of a VAR(1) with �at priors at the posterior mode (se
ond and third
olumn). All values are 
omputed from 1984q1 to 2005q4. The fourth to �fth 
olumns 
ompare thestandard deviations of the observable variables implied by the model (
olumn four) to those obtainedfrom the data dire
tly (
olumn �ve). All variables are in logs, HP(100.000) �ltered and multiplied by100 in order to express them in per
ent deviation from trend. All data are in quarterly terms. Fromtop to bottom: log output per 
apita, log 
onsumption per 
apita log gross nominal interest rate,log gross GDP in�ation rate, log investment per 
apita, log total hours worked. Investment in
ludesdurable 
onsumption. Consequently, 
onsumption is 
omputed as non-durable 
onsumption plus
onsumption of servi
es.from the VAR. Columns four and �ve of 
ompare the un
onditional standard deviations of theobservable variables as implied by the model to those of the data.E Alternative Wage BargainingThis appendix is meant to rationalize our strike setup in the main text. The literature hasentertained a variety of possible threat points in the bargaining pro
ess, ea
h having its appeal.In this se
tion, we follow Hall and Milgrom (2007) who argue that wages may not depend onmarket tightness sin
e quitting the bargaining pro
ess towards being unemployed would simplynot 
onstitute a 
redible threat. Many assumptions have been made whi
h yield similar wageequations although starting from fairly di�erent e
onomi
 assumptions about the bargainingpro
ess. For example, Pissarides (2006) assumes that the wage is a weighted average of �rmrevenue and �xed unemployment bene�ts, whi
h in our notation, would give
w

(o)
t = µ(o)xL

t A
(o)
t h

(o)
t + (1 − µ(o))b(o). (76)
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while Hall and Milgrom's assumptions rely on a threat point unrelated to unemployment bene�tswhi
h results in
w

(o)
t = µ(o)xL

t A
(o)
t h

(o)
t + (1 − µ)delay(o) (77)where delay(o) is the worker's remuneration of delaying the bargaining pro
ess for a full period(in their 
ase a day), see Hall and Milgrom (2007).30To be more pre
ise, we think of the delay above as strike money supplied by the family. Thatis the worker does not threaten to be
ome unemployed as in the standard Nash-bargaining, butis threatening to put zero e�ort during one period. Both parties know that the wage negotiationwill resume in the next period, unless exogenous separation o

urs. Here the assumption of sub-game perfe
tion is 
ru
ially important. The formulation in above papers allows us to 
ontinueto rely on the same me
hanism as in the main text, namely the one employed in Hagedorn andManovskii (2006) and Jung (2006), who use a small mat
h surplus to generate the right degreeof unemployment volatility. As argued in the main text, the ben
hmark 
alibration a
hieves asmall mat
h surplus due to a high expli
it or impli
it repla
ement rate. This might lead us toseriously underestimate the 
osts of business 
y
les and, as pointed out in Hall and Milgrom(2007) and Costain and Reiter (2005a), to indu
e an over-rea
tion of employment to putative
hanges in unemployment bene�ts. We therefore follow Hall and Milgrom (2007) and assumethat the outside option of the worker and �rm is to delay the bargaining, not returning dire
tlyto non-employment. For our purpose, we fo
us on the impli
ation for the �nal wage settingequation. We assume that workers re
eive strike pay (whi
h we will label b(o) +strike(o) to make
lear the similarity to the setup entertained in the main text) during the bargaining pro
ess whilethe �rm does not produ
e. In 
ase the mat
h is not separated, both parties re
onvene in the nextperiod. Note that the outside option of delay/strike will never o

ur in equilibrium. The strikemoney thus will not 
onstitute a binding 
onstraint on anybody's resour
es in equilibrium. It isnot a 
oin
iden
e that Hall and Milgrom (2007) impli
itly 
hoose a similar value of delaying asthe outside option 
hosen by Hagedorn and Manovskii (2006). As shown in Jung (2005), 
ru
ialfor the me
hanism are small equilibrium pro�ts su
h that the per
entage deviations during the
y
le are big.30 Note that Hall and Milgrom (2007) employ a di�erent alternating o�er bargaining game to rationalize theabove equation, in parti
ular for newly employed workers. However, the �nal redu
ed form wage equationwould take a form like the one given above. Cru
ial to their argument is that a worker has a �ow gain fromdelaying, while the �rm has a �ow 
ost of not produ
ing.61



The worker's surplus in the bargaining is
∆

(1)
t =

(
w

(1)
i,t h

(1)
i,t − κL

(
h
(1)
i,t

)1+ϕ

λt(1+ϕ) − b(1) − strike(1)

)
. (78)The �rm's surplus is

S
(1)
t = xL

t A
(1)
t h

(1)
i,t − w

(1)
i,t h

(1)
i,t . (79)Note that both the �rm's and the worker's surplus do not depend on the 
ontinuation valueanymore. By assumption, future wages and hours are taken as given and beyond the 
ontrol ofworkers and �rms who bargain this period. Through this assumption of Markov-perfe
tion the
ontinuation values of the �delay� option and the agreement option are equal.Nash bargaining over the surplus

arg max
w

(1)
t ,h

(1)
t

(∆
(1)
t )µ

(1)
(S

(1)
t )1−µ(1)

, (80)results in the same �rst-order 
ondition for hours worked as in our ben
hmark model:
κL
(
h

(1)
t

)ϕ

λt
= xL

t A
(1)
t .And also the wage equation looks remarkably similar:

w
(1)
t h

(1)
t = µ(1)

(
A

(1)
t h

(1)
t xL

t

)

+(1 − µ(1))
(
b(1) + strike(1) + 1

1+ϕmrs
(1)
t h

(1)
t

) (81)The only term that is missing relative to the model entertained in the main text is the referen
eto market tightness. This is due to the fa
t that the outside option in the bargaining game isno longer unemployment but rather delaying the pro
ess of agreement. All other equations areuna�e
ted.This modeling 
hoi
e makes the wage setting, whi
h is the primary me
hanism in our model forgenerating unemployment �u
tuations, independent of the realized utility di�erential betweenemployment and unemployment. By varying this di�eren
e we 
an provide bounds for business-
y
le 
osts without running into Shimer's (2005) puzzle of low unemployment �u
tuations.For the liquidity-
onstrained 
onsumers, the utility di�eren
e between employment and delayingnow re�e
ts the strike premium, 
hanging to
∆u(c2e,t, ct−1, u

2
t , h

(2)
t ) =





(
c
(2)
e,t − ̺(2)c

(2)
t−1

)1−σ
−
(
b(2) + strike(2) − ̺(2)c

(2)
t−1

)1−σ

1 − σ
− κL

(
h

(2)
t

)1+ϕ

1 + ϕ



 .62



The worker's surplus in the wage bargaining pro
ess 
hanges to
∆

(2)
t = ∆u(c

(2)
e,t , ct−1, u

(2)
t , h

(2)
t ). (82)The �rm's surplus is

S
(2)
t = xL

t A
(2)
t h

(2)
t − w

(2)
t h

(2)
t . (83)The bargaining

arg max
w

(2)
t ,h

(2)
t

(∆
(2)
t )µ

(2)
(S

(2)
t )1−µ(2)

, (84)results in a FOC for hours worked, whi
h is un
hanged relative to the ben
hmark
κL

(
h

(2)
t

)ϕ

λ
(2)
t

= xL
t A

(2)
t ,while the FOC for the wage also does not re�e
t any 
ontinuation value anymore

µ(2)
(
λ

(2)
t w

(2)
t − κL

(
h

(2)
t

)ϕ)

∆
(2)
t

=
(1 − µ(2))(w

(2)
t − xL

t A
(2)
t )

J
(2)
t

. (85)This implies
µ(2)

(
xL

t A
(2)
t h

(2)
t − w

(2)
t h

(2)
t

)
=

(
1 − µ(2)

)
(

1

λ
(2)
t

(
c
(2)
e,t−̺(2)c

(2)
t−1

)1−σ
−
(
b(2)+strike(2)−̺(2)c

(2)
t−1

)1−σ

1−σ

−κL

(
h
(2)
t

)1+ϕ

λ
(2)
t (1+ϕ)

)
.Again, apart from the missing 
ontinuation value, the resulting wage equation is e
onomi
allysimilar to our ben
hmark, and the underlying me
hanism, making pro�ts small and stronglypro
y
li
al, is the same.F List of SymbolsF.1 Roman Lower Case

a : ratio of labor produ
tivity in labor good �rms of type 2 to those of type 1. a ∈ (0, 1).
b(o) : real unemployment bene�ts in group o.
c
(o)
i,t : 
onsumption of individual i whi
h belongs to group o.63



c
(o)
t : 
onsumption per 
apita in group o.

c
(1)
e,i,t : 
onsumption of an employed asset-holding 
onsumer i.
c
(2)
e,t : 
onsumption of an employed liquidity-
onstrained 
onsumer.

c
(1)
u,i,t : 
onsumption of an unemployed asset-holding 
onsumer i.
c
(2)
u,t : 
onsumption of an unemployed liquidity-
onstrained 
onsumer.
d : target level for real government debt.
g : target level for real government expenditure.

h
(o)
i,t : hours worked by individual i whi
h belongs to group o.

home
(o)
t : home produ
tion of non-traded 
onsumption good by an individual whi
h belongs to group

o.
it : investment per 
apita in asset-holding family.
kt : 
apital sto
k at the end of t per 
apita of the asset-holding family.
kj,t : demand for 
apital by �rm j in wholesale se
tor.
lt : total supply of the labor good.
lj,t : demand for the labor good by �rm j in wholesale se
tor.
li,t : produ
tion of labor good by �rm i in labor good se
tor.

m
(o)
t : new mat
hes of �rms and workers of type o.
mct : real marginal 
ost in wholesale se
tor.
n

(o)
t : employment rate in group o.
o : index for type of 
onsumer. o = 1 : asset-holding 
onsumer. o = 2 : liquidity-
onstrained
onsumer.

overhead
(o)
t : �xed overhead produ
tion 
osts by a �rm whi
h belongs to group o.64



q
(o)
t : probability of �nding a worker of type o.
qk
t : shadow value of installed 
apital.
rk
t : real rental rate of 
apital.

s
(o)
t : probability of �nding a job of type o.

strike(o) : �xed parameter that pushes outside option of working in bargaining without in�uen
ing
onsumption, group o.
tt : per 
apita lump-sum taxes.
ttot
t : per 
apita total tax revenue.
ut : e
onomy-wide unemployment rate.

u
(o)
t : unemployment rate in group o.
v
(o)
t : va
an
ies for worker of type o.

w
(o)
i,t : real wage per hour earned by individual i in group o.
xL

t : real pri
e of the labor good.
yt : GDP.
yj,t : output of variety j of the di�erentiated good.
zt : 
apa
ity utilization. Steady state: z = 1.F.2 Roman Upper Case

A
(o)
t : labor produ
tivity in labor good �rms of type o.
Dt : nominal amount of risk-free bonds (government debt) held by asset-holding family permember of the family.
J

(o)
t : value of �rm with a mat
hed worker of type o.
Pt : 
onsumption/GDP pri
e index. 65



P ∗
t : optimal pri
e set by resetting wholesale �rms.

Pj,t : pri
e of one unit of variety j of di�erentiated good.
Π : the 
entral bank's in�ation target.
Rt : nominal gross rate of return on bonds from t to t+ 1.
S(·) : 
apital adjustment 
osts.F.3 Greek Lower Case
α : elasti
ity of produ
tion with respe
t to 
apital in wholesale se
tor (yj,t = kα

j,tl
1−α
j,t ). ∈ (0, 1).

β : time dis
ount fa
tor ∈ (0, 1).

βt,t+s : sto
hasti
 real dis
ount fa
tor between t and t+ s.
γD : response of tax revenue to deviations of government debt from debt target.
γg : response of tax revenue to deviations of government expenditure from target.
γp : degree of in�ation indexation for �rms whi
h 
annot update ∈ [0, 1].

γπ : interest rate response to in�ation in Taylor rule.
γR : interest rate response to lagged interest rate.
γu : interest rate response to unemployment in Taylor rule.
γy : interest rate response to output in Taylor rule.
γz,1 : linear response of utilization 
ost to ex
ess utilization.
γz,1 : quadrati
 response of utilization 
ost to ex
ess utilization.
δ : monthly rate of 
apital depre
iation.
ǫ : elasti
ity of demand for wholesale good, ǫ > 1.
ǫbt : sho
k to risk-premium with steady state value of unity.
ǫCt : �
ost-push sho
k� with steady state value of unity.66



ǫgt : �goverment spending sho
k� with steady state value of zero.
ǫIt : �investment sho
k� with steady state value of unity.

ǫmoney
t : �monetary poli
y sho
k� with steady state value of unity.
θ
(o)
t : market tightness from the viewpoint of type o �rms.
θ : ve
tor of parameters (symbol used in estimation algorithm se
tion).

ϑ(o) : monthly destru
tion rate of jobs of type o. ϑ(o) ∈ (0, 1).

κI : parameter governing slope of investment adjustment 
osts, κI > 0.
κL : s
aling parameter to disutility of work.
κ(o) : real 
osts of posting a va
an
y for a worker of type o.
λt : marginal period utility of 
onsumption of the family (and thus of asset-holders).

λ
(2)
t : marginal utilityof a liquidity-
onstrained worker of additional 
onsumption when employed.
µ(o) : bargaining power of workers of type o. µ(o) ∈ (0, 1).
ν : share of asset holding households in the e
onomy. ν ∈ (0, 1].

ξ(o) : elasti
ity of mat
hes w.r.t. unemployment for type o workers. ξ(o) ∈ (0, 1).
̺(o) : degree of habit persisten
e for group o. ̺(o) ∈ [0, 1).

σ : degree of risk aversion. σ > 0.

σ
(o)
m : e�
ien
y of mat
hing for type o workers. σm > 0.
τL : labor tax rate.
ϕ : inverse of labor supply elasti
ity. ϕ > 0.
χ : χ = 1(0) indi
ates whether liquidity-
onstrained 
onsumers do (do not) pay lump-sumtaxes.

χ(2) : χ(2) = 1(0) indi
ates whether liquidity-
onstrained 
onsumers do pay for their own unem-ployment insuran
e. 67



ψ(·) : 
apital utilization 
osts.
ω : probability that a wholesale �rm 
annot update its pri
e, ∈ [0, 1).F.4 Greek Upper Case

∆
(o)
t : utility di�eren
e employment versus unemployment in group o.
Πt : gross in�ation rate from t− 1 to t.
Ψt : dividends per 
apita a

ruing to asset-holding family.
ΨC

t : dividends per 
apita a

ruing to asset-holding family from entire wholesale se
tor.
ΨC

j,t : dividends per 
apita a

ruing to asset-holding family from �rm j in wholesale se
tor.
Ψ

(o)
t : dividends a

ruing to asset-holding family from a typi
al labor �rm of type o.F.5 Typewriter Styleu(o)(·) : period utility of an individual 
onsumer of type o.U(·) : aggregate period utility fun
tion of the representative family for optimal allo
ation of 
on-sumption among members.W(1)
t : aggregate utility (welfare) of the representative asset-holding family.
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