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Participation, unemployment and wage 
bargaining in a real business cycle model 

François Langot 
Université du Maine, GAINS and CEPREMAP 

Muriel Pucci**) 
Université de Paris I and MAD 

Introduction 
Since the beginning of the eighties, a large number of papers have 

tried to match the US labour market stylised facts by means of Real 
Business Cycle (RBC) models, in which employment is determined using 
standard Walrasian mechanisms. The aim of these studies is to explain 
why the variability of employment can be greater than the productivity 
one (see Hansen [1985]), and why the correlation between employment 
and productivity can be close to zero (see Christiano and Eichenbaum 
[1992]). Despite some improvement since the seminal Kydland and 
Prescott [1982] paper, this literature is unable to explain some key 
features concerning the US labour market: the cyclical flow between 
employment, unemployment and "out of labour force", the gap between 
the labour productivity and the real wage fluctuations or the fluctuations 
around the Beveridge curve for instance. 

The purpose of this paper is thus to propose an alternative way to 
explain labour market allocation using a search framework. Indeed, it 
seems interesting to evaluate the recent developments of non -Walrasian 
labour economics, such as matching and wage bargaining models, within 
an intertemporal general equilibrium model. On the one hand, the 
matching models introduce transaction costs supported by agents during 
the search process. On the other hand, models of wage bargaining 
between firms and workers account for the coordination failure when 
wages determination is decentralised. One can notice that a costly and 
uncoordinated search process gives ground for rent sharing and thus 

(t) We thank P. Cahuc, X. Fairise, P. Fève, D.S. Hamermesh, P.Y. Hénin, H. Kempf 
and J.M. Talion for fruitful comments on the first draft. This paper benefited 
from discussions with the participants of the workshop Labor Market Dynam- 
ics and Aggregate Fluctuations, Paris, 1993, and with the participants of the 
European Economic Association Congress, Maastricht, 1994. Two anonymous 
referees have also contributed to this version of the paper. 
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for bargaining and involuntary unemployment. In this non-Walrasian 
labour market, the wage is "naturally" the solution to a bargaining 
process between employees and firms at individual level. 

Nevertheless, numerous theoretical and empirical studies, using 
this non-Walrasian labour market structure, build their explanations 
of unemployment dynamics on the ground of the traditional constant 
participation assumption. This assumption appears to be irrelevant 
since 

" It is well known that in the United States only half of the average flows 
into employment comes from unemployment, with the other half coming 
from people classified as not in the labour force" (Blanchard and Diamond 
[1990], p. 87). 

Indeed, in the US labour market, Blanchard and Diamond [1990] 
show that from 1968 to 1986, the flows between employment and out- 
of-labour force (3.1 millions) are at least as large as the flows between 
employment and unemployment (2.8 millions), while the flows between 
unemployment and out of the labour force are smaller (1.8 millions only). 

Then, the aim of this paper is to evaluate the quantitative implica- 
tions of a matching model with endogenous fluctuations of participation 
rate in a Real Business Cycle framework*1* . Our model can thus be 
considered as an extension of Andolfatto [1996] and Merz [1995] since 
it takes into account the flows in and out the labour force(2) . More pre- 
cisely, we provide an extension of Langot [1995Γ model, where partici- 
pation is also constant. Indeed, contrary to Andolfatto [1996] and Merz 
[1995], we do not assume that the wage internalises the search external- 
ities. Then, as in Langot [1995], the equilibrium described in this paper 
does not correspond to a Pareto optimal allocation. Our bargaining pro- 
cess does not imply the efficiency in the outcome of the wage-employment 
contracts, and unemployment is not socially-optimal^ . 

(1) In this model, we assume that search behaviour of nonemployed worker is 
constant. Indeed, as Blanchard and Diamond [1992] point out, "endogenous 
search, while surely present, is not of the essence. What is of the essence is 
that there is an endogenous delay in finding another job.w(p355). 

(2)It is also an extension of Mortensen [1990] since it takes into account substi- 
tutability between labour and capital in technology and the endogeneity of the 
interest rate. As enlightened by Bean [1994] or Henin and Jobert [1993], capital 
stock fluctuations may thus magnify the original effect of a shock on the labour 
market (see Drèze and Malinvaud for a general discussion on the impact of 
the interest rate on the unemployment dynamics). Moreover, the propagation 
mechanism of the main shocks explaining unemployment dynamics, namely the 
shocks that affect the good market, are entirely described and can be evaluated 
(see Blanchard and Diamond [1989] for empirical evidence). 

(3) See Merz [1995] or Andolfatto [1996] for the necessary restrictions allowing to 
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Concerning the modelling of participation behaviour, we consider 
that participation decisions are based on an arbitration between the par- 
ticipation expected gains when worker is unemployed and its gains if he 
decides to work at home. We assume that households can insure them- 
selves against idiosyncratic labour-market risk (at each time, workers 
can be employed or unemployed). Then, the expected gains for an house- 
hold whose worker is in the labour force, is the net gains provided by 
the unemployment insurance. Concerning the nonparticipants, the as- 
sumption of an household sector is justified by empirical evidence as 
Benhabib, Rogerson and Wright [1991] enlighten: 

" Data form the Michigan Time Use Survey indicate that an average married 
couple spend 33% for its discretionary time working for paid compensation 
and 28%, only slightly less, working in the home." (p.1167). 

The "free entry" condition implies that the set of choices is non- 
convex. Therefore, at the household level, the participation behaviour 
is modelled by the choice of a probability to participate according to 
an optimal mixed-strategy. The unemployment fluctuations thus result 
from the conjunction of both employment and participation ones. This 
modelling allows us to analyse the "discouraged-worker" effect which 
refers to the difficulty to find a job when the "job availability" decreases 
(this effect can explain the procyclicity of the participation rate) and 
the "added-worker" effect, associated to relative gains contingent to 
the different states in and out of the labour market. Nevertheless, an 
important restriction of our analyse is to assume that the participation 
choice for nonemployed workers does not affect the aggregate probability 
to find a job. 

In order to evaluate the theoretical properties of our model and its 
relevance relatively to a set of business cycle indicators of the US econ- 
omy and to the model with constant labour force, we use the numerical 
methodology initiated by the RBC theorists. 

The model allows us to explain some key features of the US labour 
market: (i) the labour productivity cycle, Le. the fact that the labour 
productivity should be considered as an advanced indicator of the em- 
ployment fluctuations, (ii) the participation cycle, i.e. the advance of 
the participation fluctuations relatively to the output ones, and (Hi) the 
dynamics around the Beveridge curve, i.e. the negative correlations 
between unemployment and vacancies. All the cross-correlations gen- 
erated by the model have the same shape as those computed using US 
data. Moreover, the correlation between employment and wage or un- 
employment and wage have the right sign. We show clearly that as sum - 

have a Pareto optimal allocation. See also Hosios [1990] and Pissarides [1990]. 
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ing the endogeneity of participation improves the ability of this kind of 
non-Walrasian model to match the data. 

The paper proceeds as follows. In a first section, we characterise the 
economy and describe agents' behaviours. The second section presents 
the general equilibrium of this economy as well as the calibration and the 
resolution methods. Finally, in a third section, we analyse the cyclical 
properties of the model. 

1 The Model 
In order to compute a rational expectations general equilibrium of 

this model, we characterise in this section how firms and households 
set their optimal choices. After to explain how to solve the firm and 
the household problem» the matching process governing the dynamic 
employment allocation is presented. 

1.1 The Matching Process 
In the labour market, the allocation of resources is lead by a search 

process: the firm vacancies are filled according to a well-behaved match- 
ing function which links the number of aggregate hirings Mt with the 
aggregate number of vacancies and the number of nonemployed work- 
ers: 

Mt = Xm(Vt, 1 - JV,) = XV? (1 - Nt)1"*, 
where Vt is the vacancy rate reflecting the recruitment effort of the 
firms, Nt is the level of employment, and X is a scale parameter. 

This matching function is similar to the one of Blanchard and Dia- 
mond [1990] that assumes that nonemployed workers (unemployed and 
nonparticipants) are likely to be hired on new jobs(4) . Workers do not 
actively search for jobs: the search effort per worker seeking employ- 
ment is constant and normalised to unity. The number of nonemployed 
workers, 1 - Ntf is thus only a positive externality for the hiring pro- 
cess of the firm. That is why ra(·, ·) is rather interpreted as an hiring 
function. 

In each period, some vacant jobs and nonemployed workers match 
and move from trade to production, and some existing job-worker pairs 
disappear, resulting in a flow of new nonemployed workers. We assume 
that these pairs separate at the exogenous rate 0 < s < 1 . Then, 
employment stock is subject to continual depletion: replenishing this 

(4) The distinction between unemployed and "not in the labour force" is not taken 
into account at the matching function level, as in Blanchard and Diamond [1989] 
and [1990]. 
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stock takes time and consumes resources. The number of new matches 
is determined by the hirings Mt , and the number of quits is the product 
of the quit rate with the number of current employed workers: sNt. 
The number of productive jobs and thus the employment level evolves 
according to the following process: 

Nt+i = {l-8)Nt + q(et)Vt. (1) 

Let 6t = (Vt)/(l - Nt) denote the job availability or the tightness of the 
labour market, q(9t) the rate at which job vacancies are filled, and p(0t) 
the probability for a nonemployed worker to be hired in the period t (5) . 

1.2 Firms 

Following Pissarides [1990], we model the firm as a sufficiently 
large establishment where the production process requires many work- 
ers and the hiring process many job vacancies. Each firm j has access 
to a constant returns to scale production function to produce an homoge- 
nous good: 

Yjtt = AtF{Kjtt, Njitht) = AtK?t(Njttht)l-a , (2) 

where At9 Kjft9 Njtt and ht denote respectively the level of technology, 
the capital and employment stocks, and the mean effort level used by 
firm j to produce Yjyt. At follows the stationary stochastic process: 

log(^t+1) = Pa 'og{At) + (1 - Pa) 'og{A) + eat , (3) 

where 'og{A) is the unconditional mean of the process, 'pa' < 1 and 
eat denotes the innovation of the process having standard deviation 
σα . This technological shock is assumed common to all firms'6' . Firm 
j controls its hiring policy through vacancies but the rate at which 
these vacancies are filled is entirely determined by the aggregate job 
availability. The capital accumulation is given by: 

Ä"i.t+i = (l-*)Äi.t + /j.t, (4) 

where Ijit is the level of firm's investment. The dynamic problem faced 
by firm j can be summarised by the following dynamic programming 

(5)The mean vacancy duration is l/q(Ot), while the mean nonemployment lag 
is l//>(0f). Moreover, since the hiring function has constant returns to scale, 
riPt)=Btq(et). 

((i) With the equation (3) we characterise the processes following by the states. 
Then we can associate to this state variable At its density function f(At/At-i) 
conditional on its lagged value. We define Ω as the entire space of possible A. 
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problem: 

Viß^At) = m« {Π^ + Αΐνί^,Η-ιΜι+ι)]} (5) 
s.t. J^.t+1 = (l-S)Kjtt + Ijtt 

Nj^ = (1-·)ΛΓΑι + ί(βι)νΛίι 

where V denotes the firm's optimal value function, £jft summarises each 
firm's state (£,,* = {K^u NjiU St}) and Πλι is the profit flow of the firm 
j at time t, given^ wt = w(St) and ht = h{Et): 

njtt = AtF(Kjtt, Njttht) - wtNuht - Ijtt - u>Vjyt . (6) 

/>i = p{£t) is the kernel for the profit flow. Knowing the matching 
process, the cost of posting vacancies involves as a variable employment 
adjustment cost parameter, where ω > 0 is a flow cost measured in units 
of physical output. 

1.3 Households 
In order to simplify the wage and work effort bargaining problem, 

we assume that an household is a group of a large number of agents. 
Only one of these members can choose between private and home sec- 
tors, the other ones being only consumers. This hypothesis allows to 
distinguish the worker and the household objectives. Then, households' 
decisions are of two kinds. First, they arbitrate between consumption 
and savings. Second, they choose whether to participate or not to the 
labour market if their workers are not employed in the period. Con- 
cerning the worker of an household, we assume that his objective is 
to maximise his expected income, in order to increase the household 
wealth. 

Contrary to Andolfatto [1996], we do not assume that there is 
a distinction between job and worker flows. Then, at the beginning 
of any period, the probability to be employed (not employed) for the 
worker of an household is contingent to his state at the preceding pe- 
riod. Moreover, we assume that only the nonemployed workers are likely 
to choose the domestic production activity instead of the participation 
to the labour market. Then each household where the worker is nonem- 
ployed, chooses, at the beginning of any period a conditional probability 
of participating zi%t , according to the difference in the relative expected 

(7) Pucci [1995] shows that this behaviour is consistent, i.e. that there exists a gen- 
eral equilibrium such that investment and recruiting choices of any employer 
do not affect his wage and effort aggregate levels. 
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utilities that can be achieved in and out of the labour market^ . At 
individual level, for the household i , this probability is a function of the 
employment probability, α»^ , where: 

- s if worker was employed in t - 1 
p(et~ ι ) otherwise . 

At aggregate level, the proportion of participants Lt , corresponds to the 
mixed-strategy Nash equilibrium. 

Consequently households have different employment stories. This 
can lead to heterogeneous wealth position. However, we assume that 
households can insure themselves against this idiosyncratic labour- 
market risk. 

The market for unemployment insurance is assumed to be actuar- 
ially fair . Each household pays according to his own risk: there is two 
markets, one for the households whose worker was employed worker in 
preceding period, and one for the household whose worker was nonem- 
ployed worker in preceding period. This implies that the cost of the 
insurance for an household depends on his worker probabilities to be 
employed (aitt ) or unemployed ( (1 - aitt)z(tl ). At the beginning of each 
period, each household buys, at the price rtA(ait) the amount Bi%t of con- 
tingent commodities whose return is Biit if his worker is unemployed 
and participant in the period, rtA(ai>t)St,t if he chooses domestic pro- 
duction, and 0 if he is employed. 

The employment-contingent period budget constraints faced by 
each agent are 

C?.t + Tf{aitt)Bitt+ /^ξ^9?(Α+ι)Λ**+ι 
< wtht + Ditt + qi{At) (7) 

^ + ^K()ft,/,+ /^rr^(Af.+i)fMf+1 ζ Bi9t + Di,t+<H(At) (8) 
J ΡκΛ*) 

c*.t+ /^rrrrfí^+iVWi+i ^ Λ,,+<7<(Λ), (9) J P'At) 
where C'£t, (fi{At+') denotes respectively the consumption and the 
saving contingent to the state on the labour market (a = n,u,dy if 
workers are employed (n), unemployed (u) or out of the labour force 
(d)) W . At the beginning of the period t , the agent i receives dividends 

(8) In what follow, one can say that an household is out of the labour force when 
his worker works at home. 

(9)The function lp(At+i)]/[p(At)] defines the relative price, in terms of time t 
consumption goods, of a claim of one unit of the period t + 1 consumption good 
contingent to the event At+i which occurs in /, + 1 . 
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from the firms ( Diyt ) and returns from savings ( 10) ( % (At ) ) whatever the 
state of its worker on the labour market is. Household also gets the wage 
payment wtht = w(St)h(St) if its worker is employed, or the insurance 
benefit Biit if its worker is unemployed. If household chooses to quit the 
labour market, he has no additional income. For a nonparticipant, the 
unemployment insurance is neutral in terms of "labour-market" income. 
This insurance market structure is a central hypothesis of the paper. 
Indeed, if a worker choose to be out the labour force, he renounce to the 
net gains proposed by the unemployment insurance, preferring the net 
gains of the domestic production. 

At the beginning of the period, the household % does not know what 
his situation will be in any period. His expected instantaneous utility 
for the period t is: 

«m = *ittu(ci't - r(M) + (i - <*,t) 
x {*i*U (Cft) + (1 - Zi,t)U (C& + AtF{<kt) - Γ(*,0) } , 

where the instantaneous utility function contingent to the state on the 
labour market (a = n, u, d) is^11* : 

ί^·-Γ"··»]""" „«,*^ 1 - (τ 

U(C?t, ht, <k,t) = 
I [^(1"ff) if unemployed 1 - σ 

-^-^ [Ctt + At^dià-ndiàY-^ ._ _ . -^-^  - -  - -  if ._ not participating 
_ . 

. 
1 - a 

T() measures the disutility of working effort in some consumption good 
unit. ht and ci»,« denote respectively the individual work effort of an 
agent i in firms or at home. Indeed, following Greenwood and Hercowitz 
[1991], we assume the existence of a non-market, or household, sector. 
The domestic production process is affected by a technological shock that 

(10) Households have access to complete markets and save by trading the state- 
contingent commodities. q%(At) denotes the amount of good accruing to the 
household i in the period t if the state of nature At has occurred. 

(11)The instantaneous utility function is chosen to imply static optimal effort de- 
cisions, which enables us to compute easily the wage setting rule. This utility 
function is such that the consumption-saving decisions are independent of the 
effort supply on the labour market. In the numerical analysis of the paper, the 
functional form of T(z) is (r//[l + r/])*11*^, with r/ > 0. 
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is observed when household decides whether to participate or not<12). 
A nonparticipant thus produces some non-tradable domestic goods with 
the following production function: 

AtT(dt) = Αίφ(ΐ^λ with 0< αϊ < 1 . 

The parameter φ allows to account for differences in the mean levels of 
productivity between the households and the firms sectors. 

Hence, the program solved by each household i can be summarised 
as the following dynamic programming problem^13) : 

W(£,t,jle) 

= /o. « maXi « x{ui,t+ßEt'aittW(S?9t+vAt+l) 

+(1-*M)W(^+1,^+1))]}, 
where the maximisation is subject to the constraints (7), (8) and (9). First 
order optimality conditions (see appendix A) imply that agents choose to 
be insured in terms of utility levels and that their savings are the same 
whether the agent is employed or unemployed. The optimal amount of 
unemployment insurance for agent i at time t is then: 

Bitt = wtht - r(ht) . 

We assume that in general equilibrium, there are both participants 
and nonparticipants among nonemployed workers, which means that we 
consider only interior solutions to the problem: zl}t € ]0, 1[ for all i and 
t. Since the objective function is linear in ziit , the condition for a mixed 
participation strategy is<14) : 
U (C& + Atr(ditt) - T(ditt)) + ßEk Ke+i] 

= u{ct%t)+ßEt'w,t+i]· m 
(12) Contrary to Benhabib, Rogenson and Wright [1991], we do not need to introduce 

a specific domestic technological shock since the participation decision does not 
rely upon the relative marginal labour productivities on the two sectors. Indeed, 
the wage is set through bargaining and workers are not paid at their marginal 
productivity. 

<13)The state of an individual household is given by the vector £»,* = 
{</« (At), »«,*,£*}. Then £·;,+1 = { r/ΠΛ+ι ),<*»,*+!, £*+i}, for a = n,w,ii. 

(14) »pjie participation trade-off (10) is close to the one obtained by Pissarides [1990] 
(chap. 6) where agents compare the utility associated with nonparticipation 
and the lowest utility level that can be achieved in the labour market. 
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One can show that this optimal participation decision implies that 
the saving behaviour of an household is independent of the state of his 
worker on the labour market. The instantaneous utility of a nonem- 
ployed worker is thus the same whatever his participation decision*15) . 
Then, we have: 

Cft-r(fct) = Cfc 
= C^ + At^k^-n^t) Vi (11) 

ί?(Λ+ι) = </Γ(Λ+ι) 
= rf(A+i) Vi and VA+1 . (12) 

The condition (12) allows us to compute the participation rate in 
symmetric general equilibrium. Indeed, using (8), (9) and (12), one can 
deduce that 

AtTidiJ - r(*,e) = (1 - rtA (a,,,)) Bi%t . (13) 

where rtA(aiit) is a function of ziit , as it shows in appendix A. 
The form of the utility function implies that the optimal domestic 

production effort depends only on the technological shock: 

^Ηαι^)"^1-*0"1 V,i. 

Then, one can compute the domestic profit, 

π?(Λ) = A^(*ft)-r(*fl) 

ai(l+r/) 

2 The Symmetric General Equilibrium 
The symmetric general equilibrium is obtained in two steps: first, 

we compute the aggregate participation rate Lt , the wage rate wt and 
the on-the-job effort level ht . Second, we impose market clearing in good 
and financial markets by requiring individual agents choices be equiva- 
lent to their aggregate counterparts. Then, given the state variables 
{St,At) = (Kt,Nt,At), the symmetric general equilibrium is defined 
by the set of functions {«;(), Μ), ϋ(·). O"(·), <?·(■), Crf(·), V(-), K{-)9 N()} 
which solve the system of firms and households optimality conditions: 

(15) See appendix A for more details. 
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(i) Lt = L(£M,i4e), ti/t = w(SiiUSjyUAt) and ht = h{EijUSjyUAt) V i 
and V j solve the mixed-strategy Nash equilibrium for the partici- 
pation and the wage bargaining for the wage rate and the on-the-job 
effort. 

(it) C? = C«{SuAt) for a = n,u,dy Vt = V(£,A), M+i = ΛΓ(^,Λ) 
and ift+i = Κ (£t, At) solve the set of aggregate firm and household 
policy rules given {wti hu Lt} . 

2.1 The Size of the Labour Force 
Nash equilibrium with mixed strategies for participation decisions 

gives zitt = z? for all agent i employed in t - 1 and ziit = zf for all agent 
i nonemployed in t - 1 . Changes in the participation rate are driven 
by the relative changes in the rentability of the labour market and of 
the domestic production. Indeed, equation (13), taken in symmetric 
equilibrium gives: 

~ s ρ for agents 
1 - s -|_ szn ' 

* employed in t - 1 

P'Qt-i) 
' 

, , for (14) 
 P'Qt-i)  ο , for agents 
p(0e-i) 
 

+ (l-H0e-i))*f 
 ' nonemployed in t - I . 

The optimality condition associated to participation decisions can 
be interpreted as a trade-off. Each household compares the gains he can 
achieve in (rhs) and out (lhs) of the labour market. Equation (14) shows 
clearly that the participation choice is an arbitration between the net 
gains of the unemployment insurance (1 - r^(at))Bt , and the net gains 
of the domestic production nd(At). Thus, this arbitration limits the 
number of household which benefit from the unemployment insurance, 
contrary to the models, as the Andolfatto [1996] or Langot [1995] ones, 
where all the households having a nonemployed worker receive this 
benefit. 

The conjunction of individual participation decisions results in the 
following aggregate participation rate Lt = Nt-iz? +(l- Nt-')zf , which 
is equal, at equilibrium to: 

Lt~Nt 
**{At) 

 (15) 

If participation was interpreted as a "free entry" condition, the trade- 
off given by (15) would define a reservation wage wt below which the 
marginal household would prefer not to participate to the labour market: 

_ _ r(ht) Lt<Kd{At) _ 
Wt--rr+-JhhT' 

_ 
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Following the standard literature about the participation fluctua- 
tions, we distinguish two effects that influence the participation strategy 
of households: 

• The "discouraged-worker" effect refers to the difficulty to find a 
job: when the predetermined employment level is low, agents have 
a lower probability to be employed and thus are less incited to trade 
on the labour market. 

• When the relative gains on the labour market, net of effort disutili- 
ties, increase, a worker has an incentive to supply his labour force. 
Since a household cares for his net outcome on the labour market, 
this last effect has three components: wage, on the job effort and 
domestic production net of effort. In the two-member household 
model, this kind of wealth effect is called "added- worker" effect, so 
that we abusively use this terminology throughout the paper. 

2.2 The Wage Bargaining Process 
Firms and workers are engaged in a costly trade process in the 

labour market. A successful job match yields some economic rent equal 
to firm j search costs. We assume that this rent is shared according 
to the Nash solution to a bargaining problem which is essentially the 
one of price determination in bilateral monopolies. Following Pissarides 
[1990], we assume that individual firms and workers are too small to 
influence the market. Bargaining output is thus computed by taking 
the behaviours in the rest of the labour market as given. We assume 
that the wage and the on-the-job effort are bargained in each period. 

The match rent for firm j is given by its marginal real value of 
employment: 

n'.·-- dNjit 
= Atmtr ";<" Α·" + (1 " s)Et [τγωΜ · 

During the bargaining process between firm j and worker t, the latter 
does not work and his value for the firm is: Tîjt = 0. The optimal 
decisions of firm j are such that 

which is exogenous for firm j <16) . 

(1G)One can show that, in equilibrium, the marginal productivity of labour in t 
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Let us consider the workers matched with employer j . We assume 
that the worker of the household i takes only the monetary value of 
labour into account: his objective is only to have the best return on 
the labour market in order to increase the household wealth(17) . If he 
works, his income is the sum of the wage and of his future discounted 
income, knowing the probability for him to work in the firm in the next 
period, less the disutility of labour: 

n& = «ϋΛ,ί - ΠΛ* j,t) + Et [£±i(l 
- *)Ω£+1 + *ΩΜ+1] , 

where Ωίί+1 is the income that agent i will obtain in t + 1 if he is not 
hired. The definition of this gain in t gives the statu quo value for the 
worker i in t. During the bargaining process, the worker receives no 
income from the labour market*18) . Nevertheless, he knows that he has 
a positive probability to be hired in t + 1 if he does not work in t . Thus, 
one obtains: 

ÏÏJ =O + Ek [^(0*)Ω£+1 
+ (1 - Μ0,))ω£+ι] 

· 

Let Ω£ί = tt£t - Ω^ . The outcome of the bargaining between the 
worker i and the employer j is obtained by maximising the following 
Nash criterion: 

max (Ω^)1"* ("μ)€ <KÉ<1. 

We do not restrict the set of solutions to the ones allowing to decen- 
tralise the Social Welfare Problem where the allocation on the labour 
market is governed by a matching process. Then, contrary to Merz 
[1995] or Andolfatto [1996], we do not impose ξ = 7. The first order 
conditions are: 

Y^A« 
= ΩΜ (16) 

is independent of the levels of investment in capital an in vacancies in t - 1 . 
This justify the assumption according to which firms take their investment and 
recruiting decisions considering mean wage and on*the-job effort levels as given. 
See Pucci [1995] for more details. 

(17* We do not explain the complex rule of aggregation between the worker's objective 
and the household preferences. 

*18*At the level of the worker, the unemployment insurance, which is an optimal 
choice for the household, is not taken into account. 
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32F 

_J_«& _ ~ JMkWku""^ ' (l7) 
ι-ξίϊΗ 

~ dr 
' 

Equation (16) gives the sharing rule of the match rent between the 
firm and the employee. From equations (16) and (17), we obtain the 
efficiency condition on the equilibrium work effort and wage. Since all 
workers have the same preferences, and all jobs are equally productive, 
the wage fixed after the meeting of a firm and a worker is the same in 
all the economy. 

dht dNtdht 
' K } 

Knowing that ;>(#t) = Otq(et)y one obtains, using (16) and (18), the 
following static wage-setting rule: 

wtht = ξ |λ|^ 
+ 
ω*,] 

+ (ι - Ο [Γ(Μ . (ΐβ) 

At the symmetric general equilibrium, these wage and labour ef- 
fort allow us to select the optimal paths among the possible ones de- 
scribed by the first order conditions of firms and households derived 
for wt and ht given (19) . The wage-setting rule insures that the rela- 
tionship between unemployment and wage is negative at the stationary 
equilibrium. When unemployment increases, the mean duration of un- 
employment increases, relatively to the one of vacancies. This lowers 
the workers threat point, relative to the firm's one, in the bargaining. 
This effect on wages is essentially analysed as an "outsider effect*9 in 
such models as Lindbeck and Snower [1988] and Mortensen [1989]. 

2.3 Rational Expectations Equilibrium 
Given the degree one homogeneous production function it is easy 

to show that the sum of households budget constraints is equivalent to 
the equilibrium condition on the good market: 

Kt+1 = (i-6)Kt+AtF(KuhtNt)^Vt-Nt^-(Lt-Nt)at^(l-Lt)Ct 

Then, knowing the transversality conditions of the firms and house- 
holds programs, the rational expectations general equilibrium is char- 

(19)Note that the surplus accruing to any firm is given by π* = At-§fc - wtht 
and that the dividend payment accruing to any household at each time is: 
Dt = Nt*t - uVt 
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acterised by the following equations^20* : 

n - * <«·> 
Cr = Cr-r(ftt) (21) 
Cf = C?-r(ht)-nd(At) (22) 

-^ = -^- f23> K ' a/it 
= 

dNtdht 
f23> K ' 

mht = ^|j| 
+ 
a;0t)+(l-£)[r(M] (24) 

Lt j. = Nt 
wtht - T(/tt) 

(25) 
. . 

Lt j. = Nt 
*>i{At) 

(25) 
. . 

y( = et{'-Nt) (26) 
Kt+1 = (l-#)if(+AF(ift,fttArt)-u;V(-Ct (27) 
Nt+1 = (l-s)^t+,>(fft)(l-^t) (28) 

λί = ̂K1-^^)^] (29) 

with 
Ct = JVeC? + (Le - Nt)C? + (1 - Lt)^. 

The dynamic equation of the capital's implicit price is the equation 
(29) where [ΜΛ+ι)]/[/>(Λ)]> is replaced by ß('t+i/Xt)f{At+i/At)9 the 
discount factor which weights current and future profits in term of the 
value attached to these payoffs by households. 

The equilibrium dynamic evolution of employment's implicit price 
is given by equation (30). Indeed, at the optimum, u/[q(0t)] is equal to 
the marginal value of employment. This condition is equivalent to the 
firms "free entry" condition on the labour market when firms can have 
only one job, filled or unfilled: the firm j creates jobs until the marginal 
value of employment is equal to the cost of vacancy. Since the matching 
process involves some endogenous labour adjustment costs, the number 
of job vacancies is a jump variable. Hence, the equilibrium dynamic 
adjustment of vacancies is given by equation (30) which describes the 

(2()* Recall that the optimal domestic effort <lt is replaced by its expression in all 
others equations. 
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evolution of the marginal value of employment implied by the time 
consuming search process. 

2.4 Calibration and Solving Method 
One cannot obtain an analytical solution to the previous set of 

equations. Then, following King, Plosser and Rebelo [1998], we log- 
linearise the system of equilibrium conditions around the deterministic 
steady state. First, in order to apply this numerical approximation 
method, we calibrate the model and compute its steady state. Second 
we solve the rational expectations linearised dynamic system. 

Concerning preferences, the parameter β is set so as to imply a 4 
annual subjective discount rate (i.e. β = UM"0·25 ~ 0.99). The coeffi- 
cient of relative risk aversion σ ranges between 1/3 and 2, following 
the estimation of Eichenbaum, Hansen and Singleton [1988]: we choose 
an intermediate value, 1.5. Concerning the parameter η, we do not 
have any estimation within a comparable model. Then, as in Andolfatto 
[1996], we set η in order to match the individual labour supply elastic- 
ity estimated by MaCurdy [1981]. For the specification of preferences 
used in this paper this elasticity is equal to 1/r/. MaCurdy provides es- 
timates of this elasticity for males that range from 0.1 to 0.5. Given this 
information, we set r/ equal to 2, which is the higher value of the indi- 
vidual labour supply elasticity. The technology parameters are the ones 
reported by Christiano and Eichenbaum [1992]: a = 0.36 and 6 = 0.025. 

The assumption of constant returns to scale of the matching func- 
tion is consistent with the estimations of Blanchard and Diamond [1989] 
on US data. Following these authors, the value of 7 is set at 0.6. 
Following the estimation of Burdett, Kiefer, Mortensen and Meumann 
1984]and the calibration of Mortensen [1990], the quit rate s is fixed at 
0.15. The average size of the labour force L is set at 0.63, its empirical 
mean observed on the LHPAR citibase series; as in Andolfatto [1996], 
the mean of employment rate Ν is calibrated at 0.567 in order to have 
10% of unemployed worker at equilibrium. The V/(l - N) ratio is fixed 
at 0.1044 which is the mean value for the US vacancies/unemployed- 
workers ratio. The parameter ω, fixed at 0.5, is such that the steady 
state cost of vacancies corresponds to 5% of the total output The other 
parameters used for the simulations are computed using the equations 
characterising the steady state. The scale parameter of the matching 
function X , is calibrated such that the flows equilibrium on the labour 
market (equation (28)) is satisfied at steady state: 

γ sN 
(1 - N)(P 

' 
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Equations (23), (24), (2G), (28) and (30) allow one to determine the pa- 
rameters ξ consistent with the calibration. Then, we have: 

This equation in £ is solved for whN/Y equal to 0.58, following King, 
Plosser and Rebelo [1998]. Using equation (29) and (30), we obtain the 
steady state values of Y and Κ which allow to calibrate the value of A 
that matches the production function: A = 0.4. 

The net domestic profit of non participants is evaluated using equa- 
tion (25), knowing the steady state values of w, h, Ν and L : 

πί1 = AF(d) - r(d) = ÍL(wh - T(h)) = 0.2 . L 
The ratio home production/private output is given a mean value in the 
range of estimate surveyed in Eisner [1988]: AF{d)/Y = 0.35. These 
two values implies the following values for φ and αχ : ψ = 4, a' = 0.7. 
The calibrated parameters are reported in the table 1. 

Table 1: Structural parameters 

β σ η α δ η s X ω ξ αχ φ 
0.99 1.5 2 0.36 0.025 0.6 0.15 0.762 0.5 0.7 0.7 4 

Contrary to Hansen [1985], household who have employed and 
unemployed workers have the same ex-post utility, and at steady state 
consumption is lower for the latter. This seems to be a more realistic 
assumption in order to study labour market fluctuations. 

Following King, Plosser and Rebelo [1998], we define a linearised 
rational expectation equilibrium by taking the first order Taylor approx- 
imation in the neighbourhood of the steady state. We then obtain the 
following State-Space form: 

5i+i = MSt + €t+i (31) 
ΘΕ = ILSt, (32) 

where 
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Θ* = 
[yt>ct}huWt,VtXXynt,ût,Pt' 

and 
et = [0,0, €.,,]'. 

We denote pt = y/nt is the apparent labour productivity. All the coeffi- 
cients of the matrices M and Π are non-linear functions of the structural 
parameters. The system (31, 32) allows us to simulate the cyclical com- 
ponents of the optimal paths, i.e. the theoretical cyclical properties of 
the economy (21) . 

2.5 Theoretical Properties of the Model 
Using the individual behaviours described in section 1.2 and 1.3, 

as well as the figures of the impulse response functions (IRF) illustrat- 
ing the general equilibrium dynamics, we can analyse the theoretical 
properties of the model. More precisely, we disentangle the traditional 
discouraged and added workers effects after a technological shock. 

At individual level, wages and job availability reflect the rentabil- 
ity of the labour market. After a positive technological shock, the wage 
and the job availability both increase. Meanwhile, the domestic net pro- 
duction also increases and the final effect on participation is uncertain. 

Instantaneously, the net gain on the labour market increases less 
than the net domestic production. Indeed, the labour productivity in- 
crease is shared between firms and employees while non participants 
benefit from the total gain of productivity. On the other hand, the wage 
increase is partly compensated by the one of labour disutility. The to- 
tal instantaneous added-worker effect is thus slightly negative. After 
five periods (see figure 1), this "income-effect" becomes positive since the 
net-wage*22* increase is more persistent than the domestic production 
one. Indeed, while the domestic production persistence comes entirely 
from the technological shock, the net-wage dynamics also depends on 
the whole model mechanisms. 

The increasing probability to find a job, measured at the aggre- 
gate level by the employment rate does not instantaneously increase 
the participation on the labour market since the employment level is 
not affected by the shock and there is no "discouraged-worker" effect. 
Afterwise, the employment level increases and households are thus "en- 
couraged" to participate. 

(21) When we simulate the model, the solution paths are filtered by the Hodrick and 
Prescott [1980] method in order to define the same cyclical component as in the 
historical data. 

(22) Afterwhile, we will call net-wage the wage net of on-the-job effort disutility. 
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Figure 1: Impact of a technological shock on participation 

After two periods, the "discouraged-worker" effect thus overweights 
the "added-worker" one. As shown in most empirical analysis, the 
"discouraged- worker" effect is found to be dominant over the cycle, caus- 
ing a procyclical behaviour of the participation. 

One must notice that in our model, the unemployment fluctuations 
are lead by the participation ones since the unemployment level is co- 
determined with the participation: ex-ante, agents only know certainly 
the employment level when they choose their participation behaviour 
in a uncoordinated way. This can explain why after seven periods, the 
participation paradoxically increases while the unemployment is over 
its steady state level. 

3 Labour Market and Business Cycle 
In order to test the model ability to reproduce the US business cycle, 

we present the simulated second order moments of the series of interest, 
and compare them to the US stylised facts. In order to enlighten the 
importance of participation decisions, we compare our results to the 
ones of Langot [1995], who proposes a comparable model (matching, 
individual bargaining and, contrary to Andolfatto [1996] or Merz [1995], 
non-optimal unemployment rate) with constant labour force. 

The model has a single impulse: the technological shock. The 
calibration of this process follows the estimation of Prescott [1986]: 
pa = 0.05 and σ€α = 0.72%. This calibration is chosen because it is 
the benchmark of the traditional RBC models simulations. Our results 
can then be directly compared to the RBC models. 

3.1 Main Cyclical Indicators 
Different cyclical characteristic indicators of main macroeconomic 

series (23> are reported in table 2. 

*23* See appendix Β for more details concerning the data. 
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Table 2: Main stylised facts 

Variables xycinpuvlw 
Historical σς/σ~ 1(1.76) 0.72 4.81 0.80 0.50 6.54 7.82 0.20 0.44 

corr(î,t/) 1 0.81 0.90 0.86 0.59 -0.88 0.92 0.37 0.35 

corr(x, w) 0.21 -0.26 

Our model σς/σ~ 1(1.72) 0.33 3.14 0.19 0.89 1.76 0.96 0.24 0.31 

(sti. error) {024) (0.02) (0.07) (0.01) (0.02) (0.46) (0.03) (0.02) (0.01) 

corr(î,t/) 1 0.72 0.98 0.61 0.98 -0.48 0.94 0.14 0.98 

(0) (0.02) (0.01) (0.05) (0.01) (0.07) (0.01) (0.05) (0.01) 

corf (£, w) 0.47 -0.54 

(0.05) (0.07) 

Langot[1995] σς/σ- 1(1.69) 0.79 1.66 0.32 0.27 0.53 1.24 0.27 

(0.2) (0.02) (0.05) (0.01) (0.01) (0.04) (0.08) (0.01) 

corrfòy) 1 0.98 0.95 0.63 0.95 -0.63 0.83 0.96 

(0) (0.09) (0.01) (0.06) (0.002) (0.06) (0.01) (0.002) 

con(x,w) 0.42 -0.42 

(0.07) (0.07) 

The standard error of y b given In brackets. 

At this level, we can characterise the labour market fluctuations 
by the following stylised facts: 

• a volatility of labour productivity smaller to the employment one, 
• a weakly positive correlation between labour productivity and em- 

ployment, 
• a positive correlation between real wage and employment, 
• a contracyclical unemployment, 
• a procyclical participation. 

Our model reproduces a great volatility of output, despite a low 
value of the technological shock variance*24* . 

Comparing with the Langot [1995Γ model, it appears that account- 
ing for the dynamics of the participation rate allows to reproduce more 

(34) Nevertheless, as in traditional RBC models simulations, the volatility of con- 
sumption and investment relative to output are lower than their historical 
counterpart. 
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accurately the strong volatility of the product. On the other hand, the 
model with endogenous participation is less performing concerning the 
relative standard errors of unemployment and vacancies. This result 
can be explained by the importance of the trade externality in the match- 
ing process. Indeed, we have assumed that all nonemployed workers 
were likely to be employed on new jobs, which might have overweighted 
the probability to fill vacancies. Indeed, without specific empirical evi- 
dence, we calibrated the matching function following the estimated spec- 
ification of Blanchard and Diamond [1989] which assumes that only un- 
employed workers are likely to be matched: this trade externality is 
lower than the one in our model. 

Nevertheless, as in the stylised fact, vacancies are highly corre- 
lated with the output, which reflects their characteristics of being a 
good indicator of the business cycle. Since the volatility of the partic- 
ipation is consistent with data, the relatively low standard deviation 
of unemployment must be explained by the low volatility of employ- 
ment. Indeed, since the matching process involves an adjustment cost 
on employment for firms, the employment variance is lower than its 
historical counterpart. As historically observed, unemployment is con- 
tracyclical and participation is procyclical even if covariances with out- 
put of these variables are lower in absolute values than the observed 
ones. 

Usually, the participation procyclicity is interpreted as the impor- 
tance of the "discouraged worker" effect. Indeed, the employment and 
vacancies procyclical fluctuations imply that the job availability is pro- 
cyclical as well as the transition rate from unemployment to employ- 
ment, which makes the labour market more attractive in booms. This 
effect is strengthened by an "added worker" effect due to the procyclicity 
and the high persistence of wages comparing to the low persistence of the 
domestic production. Despite the low correlation participation/output, 
comparing to the stylised facts, the unemployment remains contracycli- 
cal. 

Concerning the real wage behaviour, the model reproduces the pos- 
itive correlation between real wage and employment and the negative 
correlation between real wage and unemployment observed in the data 
(the Phillips curve). As observed, the correlation with unemployment 
is higher, in absolute value, and this justifies the endogeneity of partic- 
ipation. Indeed, in the model of Langot, unemployment is simply the 
mirror of employment, Ut = l-Nt, and these correlations have the same 
absolute values. This result can be explained by the outsider effect in 
the wage setting rule. Indeed, at each time, the bargaining household 
takes into account its mean duration of unemployment if no agreement 
is reached. As the participation fluctuations match the stylised facts, 
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the wedge between the wage/employment and wage/unemployment cor- 
relation is close to the observed one. 

3.2 The Beverige Curve 
The cross correlations between vacancies and unemployment are 

negative for all leads and lags, the larger being the instantaneous one. 
These moments are reported in table 3. 

Table 3: Cross correlations between U and V 

i -4-3-2-101234 

Historical corr(^,nf+i) -0.20 -0.37 -0.61 -0.83 -0.95 -0.92 -0.77 -0.54 -0.30 

Ourmodtl corr(t;#.,uf.+i) -0.35 -0.41 -0.47 -0.52 -0.60 -0.40 -0.18 0.01 0.19 

(std. error) (0.09) (0.09) (0.10) (0.09) (0.08) (0.08) (0.07) (0.04) (0.04) 

Langot[1995] C0fr(r,,n,+i) 0.25 0.24 0.22 0.13 -0.10 -0.58 -0.67 0.59 -0.46 

(0.09) (0.09) (0.08) (0.07) (0.06) (0.02) (0.04) (0.08) (0.08) 

The shape of the correlations between unemployment and vacan- 
cies have the same profile as the historical one. Despite the timing of 
the labour market allocative process, where the hiring decisions at time 
t decrease unemployment stock in t + 1 , the maximum correlation in 
absolute value, is instantaneous as in stylised facts: indeed, instan- 
taneously, the correlation between participation and vacancies is very 
small but increases faster than the vacancies-employment one. 

The comparison with the constant labour force model, where the 
unemployment rate is mainly correlated with the vacancies observed 
two quarters before, shows again that taking into account the endogene- 
ity of participation improve the performance of this general equilibrium 
model. 

Nevertheless, the instantaneous unemployment-vacancies correla- 
tion is smaller than its historical counterpart. The decrease of correla- 
tions after one lag shows that, as in the stylised facts, the vacancies are 
not an advanced indicator of the unemployment fluctuations. This can 
be explained by the procyclical evolution of the participation. 

3.3 The Labour Productivity Cycle 
The cross correlations between employment and labour productiv- 

ity trace a typical S-shape, that is, a negative correlation for i < 0 and 
positive for j > 1 . The maximum positive correlation between pro- 
ductivity and employment occurs at lead 2 or 3. These moments are 
reported in table 4. 
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Table 4: Cross correlations between Ρ and Ν 

i -4-3-2-101234 

Historical corr(pf,nf+<) -0.26 -0.17 -0.08 0.06 0.11 0.37 0.47 0.47 0.34 

Our model corr(pt,nt+») -0.21 -0.10 -0.03 0.21 0.46 0.77 0.83 0.75 0.63 

(sid. error) (0.12) (0.11) (0.09) (0.07) (0.06) (0.02) (0.04) (0.07) (0.08) 

Langot [1995] corr(p*,nt+0 -0.20 -0.14 -0.04 0.10 0.36 0.78 0.80 0.67 0.49 

(0.11) (0.10) (0.09) (0.09) (0.07) (0.02) (0.05) (0.08) (0.09) 

In the model, employment at time t comes from the hiring deci- 
sion at time t - 1 . Moreover, the matching process involves a labour 
adjustment cost. Then, the response of employment, generated by our 
model, as well as the Langot one, is lagged in the cycle, as in the stylised 
facts. This explains the ability of the model to reproduce the labour 
productivity cycle. We can notice that these results are obtained with 
only a technological shock, contrary to those reproduced by Christiano 
and Eichenbaum [1992] for the instantaneous correlation or Fairise and 
Langot [1994] for the labour productivity cycle. Concerning this stylised 
fact, the endogeneity of the participation does not improve the implica- 
tions model comparing to Langot' s results. 

3.4 The Participation Cycle 
Assuming the endogeneity of participation has thus allowed us to 

improve the explanation of unemployment and vacancies dynamics, and 
to disentangle the unemployment and employment fluctuations. 

Nevertheless, it seems important to check if the participation rate 
dynamics generated by the model is consistent with the historical facts. 
These correlations are all positive or zero. The maximum appear at 
lead three: this shows that the output is a leading indicator of the 
participation fluctuations. 

Table 5: Cross correlations between L and Y 

i -4-3-2-101234 

Historical corr(i/f.,£+i) -0.02 0.06 0.15 0.24 0.37 0.47 0.51 0.57 0.55 

Our model can(yt£+i) -0.42 -0.34 -0.22 -0.06 0.13 0.48 0.65 0.72 0.71 

(std. error) (0.11) (0.10) (0.09) (0.06) (0.05) (0.01) (0.02) (0.05) (0.07) 
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The shape of the correlations between output and participation 
is the same as the historical one. Indeed, the maximum correlation 
appears also at lead three. Nevertheless, the amplitude of the set of 
correlation generated by the model is greater than the observed one, 
and the instantaneous one is smaller than observed. This might come 
from the fact that the "discouraged" and "added-worker" effects evolve 
in the same way which, as noted before, amplifies the participation 
volatility and responses to shocks. These results come from the features 
of the model: the employment is highly persistent and gains on the 
labour market are more persistent than the domestic ones. Thus, the 
determinants of participation fluctuations are lagged relatively to the 
output ones. 

Concluding Comments 
The labour supply literature has traditionally pointed out the im- 

portance of the participation behaviour concerning the labour market 
fluctuations. Despite that, in most models analysing unemployment dy- 
namics, and particularly in matching models, the unemployment fluctu- 
ations are simply the mirror of employment fluctuations. The aim of our 
paper was to disconnect the cyclical behaviours of these two variables. 
To that end, we have analysed an endogenous participation behaviour 
in an intertemporal general equilibrium model. Agents choose between 
going on the labour market and producing at home. Moreover, the labour 
market is a non-Walrasian one since wage and on-the-job effort are set 
through bargaining, and is frictional since hirings are done by mean of 
a matching process. 

Theoretically, this model enables us to analyse two important phe- 
nomena on the labour market. First, it allows for a decomposition of 
the participation fluctuations, in response to different shocks, between 
a "discouraged-worker" effect and an "added-worker" effect. Second, the 
model accounts for the dynamics of wage and unemployment reflecting 
the motions around the Phillips curve. The simulation results show that 
the model succeeds, to some extent, in reproducing the labour productiv- 
ity cycle, the dynamics around the Beveridge curve and the participation 
cycle. 
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APPENDIX A 
The Household's Problem 

Following Sargent [1987], to solve the program of the household i , we form 
the following Lagrangian, where we denote W(£"ft+i, At+i) = W"tf+i : 

dtt = Uitt + cti.tßEt [W&+i] 

+ (1 - om) {zittßEt [Mfr+1] + (1 - *,t)ßEt [wf9t+i] } 

+«*.«*?,* 'wtht + Di%t + gi(At) - Ct^f. - TtA{oLi>t)Bi%t 

+(1 - α«,0*,*λ? Jßitt + D«,« +ί/<(Α«) - 6^f - TtA(aitt)Bi,t 

__ft(^+1)cMí+1j 

+(1 - α»,, )(1 - ziit.)'Ít Γ D<t* + φ(Α*) - Ci 

7(αο~λ(λ+ι)μ'+Τ 
First order conditions with respect to Bij, Ziitt dittf C"ft and </?(>Wi)> 

for a = n,w,fi are: 

(1- 01,0^(1 -^(«ί,Ομ?,* = α,,,τ^ΚΟλ?,, (33) 
t/(CÍ» + A^(dí|0-r(*i4))+/Ífie[M^#+1] = í/(C7^) + ^f[W^+1] (34) 

. »^ ar /Q« 
ôífc,* d<k,t 

' 

-^-r = ''i't a = n,tx,ri (36) 

The envelope condition of this problem is: 

^|jy 
= <*i,/A?,f + (1 - αΜ)«ί.«λΤ,* 4- (1 - aitt)(l - ft,*)A?it . (38) 

The market for unemployment insurance is assumed to be actuarially fair. 
Each household pays according to his own risk: there is two markets, one for 
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the households whose worker was employed in preceding period, and one for 
the household whose worker was unemployed in preceding period. This implies 
that the cost of the insurance for an household depends on his probabilities to 
be employed («<,*) or unemployed ( (1 - ott.t)*?), where aitt € {1 - e,p(0*-i)}, 
and where 2" is the mean conditional participation probability for an agent of 
type atitt , with a = η for agents employed in t - 1 and a = η for others. Then, 
the expected profit for the insurances companies are: 

τγ,λ = [α, -h (1 - at) ζ?) Ft-iTtA (α*) Β, - sz?Ft-iBt , 

where Ft-i = Nt-i if ο = η and at = 1 - s, if the company insures the 
current labor-market risk contingent to employment state in period t - 1, or 
Fe-i = 1 - Nt-i if a = η and at = p(ft-i) , if the company insures the current 
labour-market risk contingent to employment state in period t - 1 . Assuming 
that the insurance markets are competitive, the prices for insurance are equal 
to the probabilities that an household collects on the insurance: 

rA(n, K0 X _ (1 " <*i,t)*t rA(n, Tt K0 X _ - 
ΟΜ + α-βΜΚ 

with 
- s if worker was employed in t - 1 

p{ßt-i) otherwise. 

In symmetric equilibrium, all workers of the type aitt = 1_- s (resp. 
p(Ot-i)) choose the conditional participation probability z" (resp.z"), and, re- 
placing rtA(ai}t) by its equilibrium value, the optimality condition (33) can be 
written: 

λ?,» = λ?,,. (39) 

Equations (39) and (36) show that participants choose to be completely 
insured in terms of utility: C£t - Γ(/ι*) = C^t . Using equation (37), one 
obtains q"(At+i) = (f?(-A*+i), V -At+i. The saving behavior of a participant is 
thus independent of is state (employed or unemployed). This implies £»,* = 
wtht-r(ht). 

The equation (34) can be written as ^(ft,t, At) = ^u(^*,t, At) , where: 

»'(ft,t,A0 ξ U(ctfs+Atf{di9t)-r(di%t))+ßEt'Wttt+1) 

*u{Si^At) ξ ü(C&)+/9ä[W&+i] · 

Then, using the envelope theorem, we have: 

d*d(eitt,At) a p(At) dV^M+i si a 'a' va (Af'' %(Á,) = ̂ >w»)arf(^»)/(A+l|itt) 
a si a 'a' va νΛ+1 (40) (Af'' 

^/i(>lf) M^*+l) öf/JtA+l) 
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As in each period, #''(&,«, At) = Ψη (£*,#, Λ) , V £M, At , we have 

99A{ßi%uAt) eV{Sitt,At) 
dqi(At) dqi(At) 

' M' 

Equation (40) and (41), imply(25) that ̂(Λ+ι) = </·*(Λ+ι), VAt+i . Con- 
sequently, equation (34) implies that 

U(Clt + Atr(ditt) - T(ditt)) = U(C?tt), V t. 

Using (36), one obtains A£t = λ^ . Then, (38) implies that 

dWitt _ x 
%(Λ)"λΜ> 

_ x 

where Xitt = Ä?t/ = λ£, = ''jt . 

Thus, any household i has the same instantaneous utility level whatever 
his situation in or out of the labour market. Moreover, in any period, saving 
decisions are independent of the history of the agent concerning participation 
and employment: 

tf(A+i) = QiiAt+i) = q{{At+i) VA+i . (42) 

Using (42) and the budgetary constraints, one can compute the optimal 
participation rule of household i , when the probability of his worker to be 
employed in t is (1 - s) or ρ(θι-χ): 

'"μ = τ^τ^Β· <43> 
■*«*»- ^.H'föU-.»*»· (44> 

The unconditional participation rate of agents of type a»,* , £(«»,*) = («»,* + (1 - 
a%,t)zt)9 with a = π,π, is defined as the product of the employment rate of this 
category of workers, α»,« , and of the relative mean income of participants and 
nonparticipants. 

To sum up, optimality conditions for household i are given by the following 
system: 

ΤΤ7ΤΓ - *ί>* α = η, m, ri (45) 
cJCi,t 

AfTTj- = ττη- (46) 

(«i,f. + (1 - CLitt)%)-KA{At) = aittBt α = η,ή (47) 

^/(Λ+1|Λ.) 
= 

^1 νΛ+1 (48) 

lim Et i/^Btt^(ÄJ=a (49) 

(25)Recall that W"() is just an abréviation for W(^"f, At), a = n,n,fi. 
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The equation (48), in symmetric general equilibrium with rational expec- 
tations, gives the usual formula for contingent claims. This equation, associated 
with (45), gives the equilibrium asset-pricing kernel, which correspond to the 
Euler equation on consumption. 

APPENDIX Β 
DATA 

All the data used in the paper come from the CITIBASE data bank. The 
sample period is 1960: 1-1988: 1. 

Tabl· 6: Label and definition of the data series 

[1] GCN82 Personal consumption expenditures on nondurables (1982 US dollars) 
[2] GPI82 Gross private investment (1982 US dollars) 
[3] LHEM Total employment 
[4] LHUR Unemployment rate, all workers 16+ 
[5] LHELX H^antedadvwtisinginn 
[6] LHFKR Labour force participation rate 
[7] PO16 NoninstHutional population, total 16+ 
[8] GAP Compensation of employees, all industries 
[9] GDY Implicit price deflator, national income 

[10] GNP82 Gross national product (1982 US dollars) 
[1 1] LHCH Average hours of work per week 

The second moments from US are computed using the following con- 
structed quarterly data, over the sample 1960:1 to 1988:1. The series are logged 
and filtered by the Hodrick and Prescott [1980] method. 

Table?: Constructed data 

Y » [10]/[7] 
C = [l]/[7] 
/ = [2]/[7] 
Ν * [3]/[7] 

Y/N « [10]/[3] 
U = [4] x [6] 
V * [5] x [4] χ [6] 
L = [6] 
w - [8]/[9]/[7]/[ll] 
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