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Abstract

This paper introduces incomplete insurance against idioyncratic labour income risk

into an otherwise standard New Keynesian business cycle model with involuntary un-

employment. Following an adverse monetary policy shock that lowers aggregate de-

mand, job creation is discouraged and unemployment risk (as summarised by the job-

loss rate) persistently rises. Imperfectly insured households rationally respond to the

rise in indosyncratic income uncertainty by increasing precautionary saving, thereby

cutting consumption and depleting aggregate demand even further; this in turn magni-

�es the initial labour market contraction, further raises unemployment risk, and so on.

A calibrated version of the model suggests that the aggregate demand�precautionary

saving feedback loop may signi�cantly amplify the impact of aggregate shocks on un-

employment, relative to the full-insurance case.

1 Introduction

Traditional business cycle analyses often emphasise the role of aggregate demand as a key

driver of aggregate �uctuations (see, e.g., Woodford, 2003, Christiano et al. 2003, and Gali,

2010). In the basic New Keynesian model, monopolistic �rms price goods above marginal
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cost; following an aggregate shock that lowers some components of aggregate demand, the

�rms that cannot fully adjust nominal prices �nd it worthwhile to passively adjust sales

to changes in the demand. This lead to a fall in production and marginal costs, and thus

to a increase in average markups as the economy is moving away from its (constrained-)

e¢ cient production level. While the basic model has a perfectly competitive labour market,

the model has recently been extended to incorporate labour market frictions and involun-

tary unemployment (see Gali, 2011, for an overview of this strand of the literature). In the

extended model, a fall in �rms�sales does not mechanically manifest itself as a fall in �rms�

hours demand schedule and the equilibrium real wage; rather it lowers the expected bene�t

from hiring a worker which, given the presence of hiring costs, leads to a partial freeze in the

labour market. The job-�nding rate falls and the job-loss rate rises, i.e., the idiosyncratic

unemployment risk faced by households rises.1 However, even in the extended model, the

maintained assumption that individuals�labour market transitions are fully insured within

a �representative family�ensures that such transitions have little e¤ect on households con-

sumption choices; that is, aggregate demand a¤ects idiosyncratic unemployment risk, but

not the other way around.

In this paper, we analyse the feedback between precautionary saving and aggregate de-

mand by removing the assumption of full risk sharing typically made in New Keynesian

analyses. More speci�cally, we analyse the interactions between the three frictions that have

been studied (separately) in earlier studies: imperfect competition and nominal rigidities in

the goods market; search and matching frictions in the labour market; and incomplete asset

markets (in the form of imperfect insurance and borrowing constraints), which give rise to a

precautionary motive for holding wealth. Of course, interacting all three frictions would be

of little interest if the model simply retained the known implications of each friction taken

separately. We �nd that it is not the case, quite on the contrary: their interaction generates a

powerful ampli�cation mechanism for aggregate business cycle shocks, which is absent when

only one or two frictions are considered. The reason why imperfect insurance has nontriv-

ial e¤ects on aggregate �uctuations when nominal and labour market frictions are jointly

introduced is straightfoward and intuitive. Following an adverse aggregate (policy or produc-

1In the New Keynesian model with involuntary unemployment, the increase in the period-to-period job-

loss rate during a recession may have two sources; �rst, time aggregation, as a lower job �nding rate makes

it more di¢ cult that an individual who falls into unemployment will rapidly exit that state; and second,

endogenous destruction, as a larger fraction of low-productivity production units become ine¢ cient. As in

Gali (2011), we focus on the �rst source of �uctuations in the job-loss rate in the present paper.
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tivity) shock that lowers aggregate demand, job creation is discouraged and unemployment

risk (as summarised by the job-loss rate) persistently rises. Imperfectly insured households

rationally respond to the rise in indosyncratic income uncertainty by increasing precaution-

ary saving, thereby cutting consumption and depleting aggregate demand even further; this

in turn magni�es the initial labour market contraction, further raises unemployment risk,

and so on. Therefore, the endogenous response of households�precautionary savings in an

equilibrium that is partly driven by aggregate demand (due to nominal rigidities) and when

idiosyncratic volatility is endogenous (due to labour market frictions) explains the potentially

large response of the economy to the shocks. A calibrated version of the model suggests that

this aggregate demand/unemployment risk/precautionary saving feedback loop may signif-

icantly amplify the short-run impact of monetary policy shocks, relative to a comparable

full-insurance (i.e., representative-agent) economy.

As is well known, the key di¢ culty with models assuming imperfect insurance is their

lack of tractability. The reason is that, in the general case, the idiosyncratic labour market

transitions faced by the households implies the existence of a full cross-sectional distribu-

tion of wealth, which enters the aggregate state vector (Aiyagari, 1994; Krusell and Smith,

1998). We circumvent this di¢ culty by means of two assumptions. First, we assume that

(imperfectly insured) unemployed have limited ability to borrow, and face a borrowing limit

that is tighter than the natural limit. Moreover, we focus our analysis on an equilibrium

in which the borrowing constraint is su¢ ciently tight for the unemployed to face a binding

borrowing constraint from the end of their �rst quarter of unemployment onwards. By way

of consequence, all unemployed households face a binding borrowing constraint and have the

same end-of-period asset wealth �rather than gradually depleting their asset wealth as the

unemployment spell increases in length. Second, we assume that households enjoy periodic

reinsurance, in the spirit of Lucas (1980). Namely, we assume that employed households

face perfect insurance within their own �family�, while unemployed agents are excluded

from from the family (and hence from the cross-member insurance scheme) for the time that

they remain unemployed. As a consequence, all employed households enjoy the same con-

sumption levels and hold the same end-of-period asset wealth. This property, jointly with

the limited cross-sectional heterogeniety on the unemployed�s side, implies that the overall

cross-sectional wealth distribution has a small number of states, so that the dynamics of the

model can be summarised by a small-scale dynamic system.

Related literature. As stressed above, the ampli�cation mechanism that we explore in this
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paper requires exactly three key frictions (one per market), the interactions of which have not

yet been analysed, to the best of our knowledge. Models combining sticky nominal prices

(and, at times, wages) and frictional labour markets include Langot and Chéron (2000),

Walsh (2005), Faia (2008), Trigari (2009), Gertler et al. (2008) and Blanchard and Gali

(2010) �see Gali (2011) for an exhaustive survey of this strand of the literature. One im-

portant conclusion from this work is that labour market frictions per se do not signi�cantly

contribute to exacerbate aggregate �uctuations.2 This is perhaps not surprising: as Shimer

(2010) has pointed out, search frictions act as a particular type of labour adjustment cost;

as such, they naturally tend to dampen, rather than amplify, the economy�s response to

aggregate shocks. We use search frictions in the labour market as a way to generate invol-

untary unemployment and endogenously time-varying unemployment risk; as we show, once

interacted with with incomplete insurance, labour market frictions provide a powerfull am-

pli�cation mechanism for aggregate shocks, relative to an economy with nominal rigidities

but no such frictions.

Krusell et al. (2011) and Nakajima (2012) analyse full-�edged incomplete-market, het-

erogenous agents models with search frictions where the idiosyncratic income risk faced by

the household is endogenised through �rms�job creation policy. These models assume �exi-

ble prices and perfect competition in the goods market; consequently, monetary policy shocks

are neutral and there no speci�c role for aggregate demand in shaping aggregate �uctuations.

As far as we are aware, the only paper that combines imperfect competition and nominal

rigidities �and hence a role for aggregate demand�with incomplete insurance is Guerrieri and

Lorenzoni (2011), who analyse the conditions for a liquidity trap within an heterogenous-

agent environment (with a competitive labour market). Their model is not tractable and

is solved numerically under the assumption that nominal prices are constant. Our model

considers a standard Phillips curve for the determination of in�ation and transition rates in

the labour market that respond endogenously to macroeconomic conditions. Other papers

such as Iacoviello (2005) and more recently Bilbiie et al. (2012) study economies with

nominal rigidities and a potentially binding borrowing constraint for impatient households

(i.e., those with a subjective discount rate lower than the equilibrium interest rate), but do

not have uninsurred unemployment risk. Our model collapses into a version of theirs when

2In Gali �s words, �Quantitatively realistic labor market frictions are likely to have, by themselves, a

limited e¤ect on the economy�s equilibrium dynamics [...] When combined with a realistic Taylor-type

rule, the introduction of price rigidities in a model with labor market frictions has a limited impact on the

economy�s equilibrium response to real shocks�(Gali, 2011, pp. 490-491).
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we allow workers to enjoy full insurance against unemployment risk.

The rest of the paper is organised as follows: Section 2 presents the models, with partic-

ular attention being paid to the risk sharing arrangement that makes our analysis tractable.

Section 3 derives the model�s steady state, analyse the existence conditions for the equilib-

rium that we focus on, and studies our economy�s response to aggregate shocks. Section 4

concludes.

2 The Model

2.1 Firms

The economy has three production layers:3 a retail (or �nal goods) sector buys di¤erentiated

products from the wholesale sector and combines them into a single �nal good that is sold

to the household; the wholesale sector buys undi¤erentiated goods from intermediate goods

�rms and turn them into the di¤erentiated products bought by the retail sector; and the

intermediate goods sector uses labour to produce the undi¤erentiated intermediate goods.

2.1.1 Intermediate goods �rms

The market for intermediates goods is perfectly competitive. At every date t, the represen-

tative �rm in that sector produces according to the CRS technology

ym;t =
�
�kt
�� �

e tnt
�1��

;

where � 2 (0; 1) is the elasticity of production with respect to capital services and  t a

determistic productivity growth trend such that � t = � > 0.

The �rm hires labour in a market with search frictions. The timing convention is as in

Walsh (2005), Blanchard and Gali (2010) and Gali (2011): at the very beginning of date t, a

fraction �t of existing matches are exogenously destroyed, so beginning-of-period employment

and unemployment are ~nt = (1� �t)nt�1 and 1 � ~nt = 1 � (1� �)nt�1, respectively. The

unemployed have a probability ft to �nd a job within the same period, and stay unemployed

until the end of the period with probability 1 � ft. It follows that the period-to-period

job-loss rate is st = � (1� ft), and is primarily a¤ected by the ease at which households

3Since the demand for �nal goods will emanate from heterogenous households, it is convenient to aggre-

gate di¤erentiated products into a single �nal good that is bought by the households (rather than having

households directly buy di¤erentiated products).
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avoid unemployment spells by being immediatly re-employed after a job destruction. Given

its knowledge of ~nt and the (Markovian) exogenous state vector 
t, the representative �rm

posts vt vacancies at cost �v exp t > 0 each, and a fraction �t of which are �lled in the

current period �see �gure 1.

Matches are destroyed

 Aggregate shock is revealed

Vacancies are created,
matches are formed

Production takes place

Income components are paid

Asset holding choices are made

Figure 1: Sequence of events at date t.

Total employment at the end of date t is thus:

nt = (1� �)nt�1 + �tvt: (1)

The vacancy �lling rate �t is related to the vacancy opening policy of the �rm via the

matching technology. The number of matches during time t is mt = �m(1� ~nt)�v1��t ; where

�m > 0 is a scaling parameter and � 2 (0; 1) the elasticity of mt with respect to the size of

the unemployment pool, 1� ~nt. Hence, the job-�nding and vacancy-�lling are given by:

ft = �m

�
vt

1� ~nt

�1��
; �t = �m

1
1��f

� �
1��

t : (2)

The representative intermediate-good �rm maximises value and thus solves:

V (~nt;
t) = max
vt;�kt

Dt + Et
�
ME

t+1V (~nt+1;
t+1)
�

(3)

subject to ~nt+1 = (1� �) (~nt + �tvt) and

Dt = pm;tym;t � wtnt � rk;t�kt � cvt; (4)

where ME
t+1 is the stochastic discount factor of intermediate goods �rms�owner (determined

below), Dt the dividend paid to these owners. Labor is paid the real wage rate wt and the

real rental rate of capital services is rk;t, both measured in units of the �nal good. From (4),

the optimal demand for capital �kt must satisfy

rk;t = pm;t�

� �kt
exp t nt

���1
(5)
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The second choice variable of the �rm is the number of vacant jobs to create, vt, which by

implication determines the equilibrium job-�nding and vacancy-�lling rates ft and �t. From

the �rst-order and envelop conditions associated with problem (3) and the constant-return

to scale assumption, we obtain the following recursion on the job-�nding rate:

f
�

1��
t = �

 
(1� �) pm;t

� �kt
exp t nt

��
� wt exp

zt

!
+ (1� �)Et

�
ME

t;t+1f
�

1��
t+1

�
; (6)

where � = �m1=(1��)=�v. Given nt�1 (inherited from the past) and ft (endogenously de-

termined in the current period), equation (6) gives the equilibrium number of vacancies,

vt = (1� (1� �)nt�1) (ft= �m)
1=(1��).

2.1.2 Final good �rms

The �nal good is produced by competitive �rms which combine retail goods i 2 [0; 1] ac-
cording to

yt =

�Z 1

0

yt(i)
(��1)=�di

��(��1)
; (7)

where � > 1 is the elasticity of substitution between any two retail goods. Let Pt(i) denote

the nominal price of retail good i, which �nal good producers take as given. Let Pt denote

the price of the �nal good. The nominal pro�t of the representative �nal good producer �rm

is

Ptyt �
Z 1

0

Pt(i)yt(i)di

The �rst order condition of the �nal good producer generates the following demand curve

for retail good i

yt(i) =

�
Pt(i)

Pt

���
yt: (8)

The following relationship between �nal good price and retail prices

Pt =

�Z 1

0

Pt(i)
1��di

�1=(1��)
(9)

is a direct consequence of (8) and the zero pro�t condition for �nal good producers.

2.1.3 Wholesale �rms

There is a continuum of wholesale �rms i 2 [0; 1]. Firm i uses the intermediate good as an

input, xt(i), in the production of good i, yt(i), according to

yt(i) = xt(i)� �y exp
zt ;
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where �y expzt is a �xed production cost measured in units of intermediate good.

The nominal period t pro�ts of the retail �rm i is

Pt(i)yt(i)� Pm;t (yt(i) + �y exp
zt) :

Retailer i chooses Pt(i) to maximize the present discounted value of future pro�ts. How-

ever, we assume that in each period of time, a retail �rm can reoptimize its price only with

probability 1 � �, irrespective of the elapsed time since it last revised its price. If the �rm

cannot reoptimize its price, the latter is rescaled according to the simple revision rule

Pt(i) = (1 + ��)
1�
(1 + �t�1)


Pt�1(i);

where 
 2 (0; 1) measures the degree of indexation to the most recently available �nal good
in�ation measure �t = Pt=Pt�1 � 1 and �� is steady state in�ation.

2.2 Households

The economy has two types of agents: employers (in small mass � > 0), who have the ability

to run �rms and make a living out of the pro�ts they collect, and workers (in mass 1), who

supply inelastically one labour unit to employers if they are employed and none otherwise.

There are frictions in the �nancial markets: �rst, idiosyncratic income risk is imperfectly

insured; second, unemployed workers have limited ability to borrow against future income.

2.2.1 Employers

We assume that employers hold perfectly symmetric (private) equity portfolios of both in-

termediate goods and wholesale goods �rms, as well as the capital of intermediate goods

�rms kt.4 The representative patient household has utility de�ned by

E0
X
t�0
(�E)t�u

�
cEt � hcEt�1

�

�
(10)

where �E 2 (0; 1) is the employers�subjective discount factor and cEt =� is the individual
consumption of an employer, cEt�1 is the aggregate consumption of employers, and h 2 [0; 1)
is the degree of external habit formation.

4We could of course allow employers to trade a stock market index aggregating the pro�ts of these �rms.

Then, the price of this index would adjust endogenously and no trade would occur in equilibrium, leaving

the dynamics of the model una¤ected.
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The representative patient household faces the nominal budget constraint

Pt(c
E
t + it + �(ut)kt�1) + AEt = Ptrk;tutkt�1 + (1 +Rt�1)A

E
t�1 + Pro�tst (11)

where it denotes investment, ut is the utilization rate of capital, kt�1 is the available stock of

capital, Pro�tst denotes total pro�ts rebatted to the patient household, and AEt is is quantity

of bonds acquired at t, maturing at t+ 1, and paying the nominal interest rate Rt at t+ 1.

Utilization entails a cost (measured in units of �nal good) �(ut)kt�1, which is assumed to

be proportional to kt�1 and scaled down by the investment-speci�c shock. The function � is

such that �(1) = 0 and �0(�); �00(�) > 0.
Physical capital accumulates according to

kt = (1� �)kt�1 +

�
1� S

�
it
it�1

��
it; (12)

where the function S is an adjustment cost function such that S(gi) = S 0(gi) = 0 where gi

is the strady-tate gross rate of growth of it, and S 00(�) > 0.
Employers�choice of physical investment kt and capital utilisation ut are standard and

described in the technical appendix). Employers�holdings of nominal bonds obeys the Euler

equation

Et
�
ME

t+1 (1 + rt+1)
�
= 1; (13)

where

ME
t+1 = �E

u0
�
cEt+1�hcEt

�

�
u0
�
cEt �hcEt�1

�

� (14)

denotes employers�pricing kernel and rt � (it�1 � �t) = (1 + �t) is the (ex post) real return

on nominal bonds.

2.2.2 Workers

There is a continuum of mass one of families of workers. Each family is itself composed of

a continuum of members in mass 1, with every worker in the family randomly transiting

between employment or unemployment. Employed workers are in number nt (both in every

family and in the aggregate) and earn the net wage income wt (1� �t), where �t is the social

contribution rate. Unemployed workers are in number 1 � nt and earn the unemployment

bene�t bue t, with 0 < bue t < wt (1� �t). We assume that the unemployment insurance

scheme is balanced, i.e.,

ntwt�t = (1� nt) b
ue t : (15)
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Workers�ability to smooth individual consumption in the face of idiosyncratic labour

market shocks is limited, for two reasons. First, the unemployed have limited ability to bor-

row against future income. Second, idiosyncratic transitions across labour market statuses

cannot be insured ex ante (except for the unemployment bene�t bu). In order to keep the

analysis tractable, we adopt a minimal departure from the complete-market assumption, in

the spirit of Lucas (1990). Namely, we think of each family as providing full consumption in-

surance (via the pooling of assets and goods) to employed workers. In contrast, workers who

fall into unemployment are temporarily excluded from the family (which they leave with their

fair share of the families assets) and stay so as long as they remain in that state, but they

reintegrate the family once they leave unemployment. There is thus periodic re-insurance

amongst workers. This device insures that employed workers�individual consumption and

assets are independent of their individual history (that is, workers who have just left unem-

ployment do not consume less or hold less assets than workers having been employed in the

past). This property, coupled with the fact that unemployed workers face a borrowing limit

that is tighter than the natural limit �so that there is a �nite number of possible wealth

levels for these workers�, will imply that the cross-sectional distribution of wealth amongst

workers has a �nite number of states. We start by describing unemployed workers�asset

holding choices, and then turn to those of a typical family.

The unemployed. Denote by ~ct and ~at the consumption and end-of-period assets of an

unemployed worker, respectively (here, we use tildas to refer to individual variables). An

unemployed worker solves

V u(~at�1;
t) = max
ct

�
u(~ct � h~ct�1) + �WEt

�
(1� ft+1)V

u(~at;
t+1) + ft+1V
e(aWt ;
t+1)

�	
subject to the budget constraint ~at = bu+(1+rt)~at�1�~ct, the borrowing constraint ~at � &e t,

& � 0; and the nonnegativity constraints ~ct > 0. �W 2 (0; 1), �W < �E, is the workers�sub-

jective discount factor and ~ct is the aggregate per capita consumption of unemployed workers

in the same reference group as that of the unemployed worker under consideration (details

below). V u(~at�1;
t) is the value function for an unemployed worker, while V e(aWt ;
t+1) is

the value functions for the head of a family of employed workers. The latter depends on the

family�s next period assets aWt , which is described below.

Importantly, an unemployed worker is in�nitesimaly small reltive to the overall size of

the family. As a consequence, an unemployed worker�s consumption choices ~ct will not a¤ect
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the family�s wealth aWt , i.e.
@V e(aWt ;
t+1)

@~ct
= 0:

We will conjecture (and then verify the condition for) an equilibrium where unemployed

workers face a binding borrowing constraint by the end of their �rst period of unemploy-

ment. Denote by ~aeut�1 the asset wealth after having left the family. Under the conjectured

equilibrium, the unemployed can be of two types only, with consumption levels

~ceut = bue t � &e t + (1 + rt)~a
eu
t�1

or

~cuut = bue t � &e t + (1 + rt)&;

~cuut is the consumption of an agent who is currently unemployed and was so in the previous

period. This worker had bond holdings &e t in the previous period and thus earns (1+rt)&e t

in period t. He also decides to hold &e t bonds at the end of period t. Similarly, ~ceut is the

consumption of a worker transiting from employment to unemployment, taking ~aeut�1 from

the family and hoding asset wealth &e t at the end of the period. Since this worker consumes

any additional unit of beginning-of-period wealth, we have

@V u(~aeut�1;
t)

@~at�1
= (1 + rt)u

0(~ceut � h~ceut�1): (16)

The employed. Employed are part of the family, which is run by a benevolent family

head. The latter solves

V e(aWt�1;
t) =

max
cet

�
ntu

�
~cet � h~cet�1

�
+ �WEt

�
(1� st+1)V

e(aWt ;
t+1) + st+1ntV
u(~aeut ;
t+1)

�	
where ~cet = cet=nt and c

e
t are the per-member and overall consumption levels of a typical family

of employed workers, respectively, and aWt is end-of-period wealth of this family. Note that

the family head does not value unemployed workers�current consumption (since these are

excluded from the family, by assumption), but it does value the members�potential utility

loss associated with them becoming unemployed in the next period. There will be st+1nt

such members at date t+ 1, hence the weight before V u in the above Bellman equation.

The family�s bond holdings aWt evolve according to

aWt = (1� �t)wtnt + (1 + rt)

�
aWt�1 � stnt�1~a

eu
t�1 +

Z
~auet�1dF (~a

ue
t�1)

�
� cet ; (17)
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where stnt�1~aeut�1 is the wealth taken away by members who became unemployed during

date t and
R
~auet�1dF (~a

ue
t�1) is the wealth brought back by workers who exited unemployment

during date t, with cdf F . Since all such members have bond holdings & and are in overall

mass ft(1� nt�1), it must be the case thatZ
~auet�1dF (~a

ue
t�1) = ft(1� nt�1)&:

Importantly, the family head is supposed to choose aWt at the end of t, after the unem-

poyed have left the family and stnt�1~aeut�1 bond units have been taken away. This implies

that
@aWt
@aWt�1

= 1 + rt:

Also, notice that in period t+1, a newly unemployed workers will take away ~aeut = aWt =nt.

Substituting this value of ~aeut into (??) and rearranging, we �nd that the optimal holdings

of nominal bonds by a family of employed workers is given by

Et
�
MW

t+1 (1 + rt+1)
�
= 1; (18)

where

MW
t+1 = �W

(1� st+1)u
0 �~cet+1 � h~cet

�
+ st+1u

0(~ceut+1 � h~ceut )

u0
�
~cet � h~cet�1

� (19)

This pricing kernel re�ects the sensitivity of workers�s asset holding decisions to both

future aggregate conditions and their potential changes in idiosyncratic employement status.

More speci�cally, while a currently employed worker enjoys marginal utility u0
�
~cet � h~cet�1

�
;

it may either stay employed in the next period �with probability 1� st+1�and hence enjoy

marginal utility u0
�
~cet+1 � h~cet

�
, or fall into unemployemnt �with probability st+1�and enjoy

marginal utility u0(~ceut+1�h~ceut ). Under incomplete consumption insurance, the latter is greater
than the former, which motivates precautionary asset holdings by the family in excess of the

borrowing limit (despite the fact that workers are impatient relative to employers).

2.2.3 Wage

As is now well understood, the presence of search frictions in the labour market implies that

their exist a full barganing set over which an employer and an employee �nd it mutually

pro�table to trade. However, the theory does not pin down the speci�c way in which the

match surplus is shared among the parties. For the sake of tractability, we assume here the

type of wage rule suggested by Hall (2005) and subsequently adopted by Blanchard and Gali
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(2010); namely, i) we assume that all agents take the real wage as given, and ii) we make

sure that this wage always remains within the relevant barganing set (so that it is never

the case that the two parties would mutually agree to change the given wage). Following

Blanchard and Gali (2010), we assume the real wage to be unresponsive to demand shocks,

i.e.,

wt = we t ; (20)

This speci�cation implies that the real wage does not respond to monetary policy shocks

�or, more generally, to any demand shock that is uncorrelated with productivity. Using

a structural VAR approach and interpreting as demand shocks those who do not change

output in the long run, Gali (2011) argues that the real wage response to supply shocks

is positive (as is consistent with (20)), while the response to demand shocks is negative.

This makes our speci�cation in (20) conservative in that a positive real wage response to

an contractionary monetary policy shock (as is implied by Gali�s estimates) would further

contract �rms�surplus, thereby amplifying the impact of the shock relative to the constant

wage speci�cation.

2.3 Monetary authority

The Central Bank sets Rt according to the Taylor-like rule

log

�
1 +Rt

1 + �R

�
= �R log

�
1 +Rt�1

1 + �R

�
+ (1� �R)

�
a� log

�
1 + �at
1 + ��a

�
+ ay log

�
yt
yt�4

��
+ �R�R;t;

(21)

where �R;t �Niid(0; 1) is a nominal interest rate shock and

1 + �at � (1 + �t)(1 + �t�1)(1 + �t�2)(1 + �t�3): (22)

2.4 Market clearing

The market for �nal goods must clear, taking into account the fact that some of the �nal

goods being produced are used to pay vacancy costs, and that a more intensive use of the

capital stock also uses �nal goods. Let cWt denote total workers�consumption. Aggregating

the heterogenous consumption levels above weighted by the corresponding population shares

are rearranging, we �nd

cWt = (1� ft) (1� nt�1) ~c
uu
t + stnt�1~c

eu
t + cet

= wtnt + (1 + rt)
�
aWt�1 + (1� nt�1) &

�
�
�
aWt + (1� nt) &

�
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Market clear then implies

yt = cEt + cWt + it + �(ut)kt�1 + �vvt: (23)

where

�tyt = (utkt�1)
�(e tnt)1�� � �y

and �t =
R 1
0
(Pt(i)=Pt)

��di is a measure of price dispersion with dynamics

�t = �

�
1 + �t

(1 + ��)1�
(1 + �t�1)


��
�t�1 + (1� �)

�
P �t
Pt

���
:

Equivalently (by Walras law), the bond market must clear, i.e.,

aEt + aWt + (1� nt) & = 0: (24)

2.5 Existence conditions

The equilibrium under consideration was construction under the conjecture that unemployed

workers faced a binding borrowing constraint from their �rst period of unemployment on-

wards. We must thus check that this condition holds ex post. This will indeed be the case

whenever

u0 (~ceut ) > �WEt
��
ft+1u

0 �cet+1�+ (1� ft+1)u
0 �~cuut+1�� (1 + rt+1)	 ; (25)

where the left hand side of this equation is the marginal utility of a worker who falls into

unemployment in the current period and the right hand side his expected, appropriately

discounted future marginal utility, given aggregate uncertainty and the idiosyncratic tran-

sitions (back to employment or still unemployed) that this worker may face in the next

period.5 This existence condition is checked numerically below. Intuitively, the borrowing

constraint is all the more likely to be binding that the left hand side of this equation is low.

As long as ce > � (that is, the employed consume more than the long run unemployed), a

high job �nding rate or a high level of employed workers�consumption both raise expected

future expected consumption, thereby causing unemployed workers to be willing to borrow

against future income and making it more likely that the constraint will bind. The same is

true of a higher value of �. In constrast, a low value of � implies that workers who fall into

unemployment fear staying in that state in the next period, and are thus more likely to be

willing hoard assets in excess of the borrowing limit.
5Note from (??)�(??) that cuut < ceut , and hence u

0 (cuut ) > u0 (ceut ). This implies that if the borrowing

constraint is binding for eu workers (those currently falling into unemployment), then it is binding for all

unemployed workers.
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3 Aggregate dynamics

3.1 Calibration

The period is a quarter. All variables are made stationary by multiplying the trending

variables by e�� , where � is set to log (1:005). Trend in�ation �� is set to 1:021=4 � 1.

Preferences. In our baseline speci�cation we assume a unit elasticity of intertemporal sub-

stitution and a habit formation parameter h = 0:8. Hence the instant utility function is

u
�
cit � cit

�
= log

�
cit � 0:8cit�1

�
;

where �cit�1 is the individual consumption of a household who was in the same reference

group as household i in the last period (e.g., a eu worker has utility u (ceut ) = log
�
ceut � ceut�1

�
at date t; where ceut�1 is the individual consumption of a typical eu worker at date t � 1).
Employers�subjective discount factor determines the steady state gross real interest rate,

1 + r. We target r = 1:041=4 � 1; and consequently we set �E = e� = (1 + r) = 0:9952.

From (18)�(19) and the fact that �E = e� = (1 + r), we can rewrite the steady state

counterpart of the Euler equation for impatient households as follows:

�W =
�E

e� 
�
1� s+ s~cet=~c

eu
t+1

�
We set �W so that the proportional consumption fall associated with falling into unem-

ployment be 20%, once trend growth has been removed (see, e.g., Challe and Ragot (2013)

and the discussion therein). This gives �W = 0:9836.

Labour market frictions. We �rst calibrate the steady state values of f , s (or, equivently,

�), and n. To compute f , we �rst compute monthly transition rates using the two-state

model of Shimer (2005) over the 1948-2011 period. We then multiply the three consecutive

monthly transition matrices belonging to the same quarter to obtain a quarter-to-quarter

transition matrices over the whole period. The average quarter-to-quarter job-�nding rate

is 79%, to which the value of f is set. The average quarter-to-quarter job loss rate is

s = 0:047, so we set � = 0:047= (1� 0:79). This produces a mean unemployment rate of
1 � n = s= (f + s) = 5:65%. Following Gali (2011), the matching elasticity � is set to 0:5,

while the unit hiring cost is set to 4.5% of the quartely real wage, i.e., �v=� = 0:045w: The

matching parameter �m is normalised to 1.This implies that we must set the (detrended) real

wage rate to 1.7732.
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Insurance. We set the replacement ratio to 0.5, so that bu = 0:5w. We assume that & = �1,
which implies a borrowing capacity for the unemployed (&e t) slightly above the unemploy-

ment bene�ts (bue t = 0:89e t).

Production, pricing. Following Blanchard and Gali (2010), the cross-partial elasticity of

substitution between good varieties is set to � = 6, while the share of wholesale goods �rms

not resetting prices optimally in a particular quarter is set to � = 0:75. For those �rms, we

set 
 (the parameter measuring the relative weight of steady state versus past in�ation in

the indexation rule) to 0:5.

Monetary policy rule. Finally, the elasticities of the policy reaction to in�ation and the

output gap are set to a� = 1:5 and ay = 0:125, respectively. The persistence of the nominal

interest rate is set to �R = 0:8.

3.2 Impulse-response analysis

Figures 2 and 3 display the economy�s response to a monetary policy shock in the incomplete-

market model versus the representative agent model. The latter economy is constructed by

pooling workers and employers resources and by assuming that all agents share the same

subjective discount factor (that is �W = �E; so that r ' 1% at the quarterly frequency). It

is thus formally similar to the model of Walsh (2005) and Gali (2011), except for the simple

wage-setting rule (20) and the absence of endogenous job destruction (which is present in

Walsh, 2005). The incomplete-market speci�cation illustrates the ampli�cation mechanism

emphasised in this paper. Following a monetary policy (i.e., demand) shock, labour market

variables and workers�total demand for goods all respond much more to the initial monetary

policy impulse (about twice as much), as the rise in idiosyncratic volatility and the fall in

aggregate demand mutually reinforce each other. The fall in aggregate demand is driven by

the fall in aggregate consumption, and more speci�cally by the fall in the consumption of

precautionary savers (who raise their asset hoarding in the face of worsening labour market

conditions). In contrast, investment �uctuations are bu¤ered by the precautionary motive,

which urges agents to save more during recessions.
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Responses of the nominal interest rate (R), the job-�nding rate (f), the job-loss rate (s)

and the employemnt rate (n) to a monetary policy shock (�R)

4 Concluding remarks

In this paper, we have explored the joint impact of goods market (i.e., imperfect competition

and price rigidities), labour market (i.e., search and matching) and asset market (i.e., in-

complete insurance and borrowing constraint) frictions for the propagation of business cycle

shocks. Nominal frictions generate a role for �uctuations in aggregate demand, while labour

market frictions implies that such �uctuations are re�ected in the job creation policy of the

�rms and hence in the idiosyncratic income risk faced by individuals. When this risk is im-

perfectly insured, countercyclical variations in idiosyncratic labour income risk endogenously

trigger countercyclical changes in households precautionary assets, which in turn feed back

to aggregate demand and labour market conditions. Under our baseline calibration, credit

market frictions and the feedback loop that they generate amplify the impact of a typical

17



Figure 2: Responses of the in�ation rate (pi), output (y), aggregate consu:mption (C) and

aggregate investment (i) to a monetary policy shock (�R)
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monetary policy shock on labour market variables (the job-�nding rate, the job loss rate

and the unemployment rate) and the consumption demand of imperfectly insured agents.

The stronger short-run response of aggregates to the shock under incomplete markets and

borrowing constraints suggests that the interactions of the three frictions under considera-

tion may have important implication for the optimal design of macroeconomic policies, since

those may have to adequatly stabilise precautionary savings to maximise welfare �rather

than directly targeting output, employment and in�ation.
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