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Abstract
We study the macroeconomic role of unemployment insurance in an economy with 

job search, labor force participation decisions, and involuntary unemployment. The 

framework allows labor market distortions to vary endogenously over the business 

cycle and, under certain conditions, to amplify economic fluctuations. We show that 

unemployment insurance can reduce the scope for such destabilizing dynamics and 

thereby act as an effective automatic stabilizer. Quantitative analysis indicates that 

while these dynamics may arise at unemployment benefit levels comparable to those 

observed in North America, they are unlikely at the higher replacement rates typical 

of European countries. Overall, our results suggest that unemployment insurance 

not only provides social insurance but can also contribute to macroeconomic stabil-

ity, with important implications for the design of labor market policies over the busi-

ness cycle.

Keywords labor wedge, indeterminacy, unemployment insurance

JEL classifications E32, E24, J64, J65

1. Introduction
Unemployment insurance not only provides timely welfare protection and social insurance 

to the short-term unemployed but is often also regarded as an important macroeconomic 

stabilizer. In fact, these two roles of unemployment insurance are often intertwined 

(Chodorow-Reich and Coglianese 2019). This is because the stabilizing effect of unemploy-

ment insurance is traditionally thought to be most effective in environments featuring in-

complete opportunities for private insurance (McKay and Reis 2016). For example, 

unemployment insurance may dampen fluctuations in disposable income and thus stabilize 

the business cycle in environments with nominal rigidities and market incompleteness 

(Brown 1955). Similarly, unemployment insurance may redistribute income across individu-

als that have different marginal propensity to spend and, thus, contribute to aggregate 
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demand stabilization when markets are incomplete (Blinder 1975). But in this paper, we pre-

sent an additional channel through which unemployment insurance may have both an effec-

tive and desirable (welfare improving) stabilization role even in a setting with perfect private 

insurance markets and, consequently, no motivation for redistribution. Unemployment in-

surance may help eliminate inefficient self-fulfilling unemployment fluctuations.

To do this, we develop an equilibrium business cycle model with perfect insurance mar-

kets, but frictional labor markets. The market structure assumed generalizes Hansen (1985)

indivisible labor supply model, using the same set-up developed by Merz (1997), which incor-

porates search frictions into the Hansen economy, and where individuals can fully insure 

themselves against differences in wealth arising from different labor market histories. 

Specifically, although in our economy individuals go through different labor market histories, 

featuring transitions across three states, including employment, unemployment, and non-

participation, the model admits a representative agent representation with quasi-linear pref-

erences as in Hansen (1985). The economic environment also features a positive link 

between the job-finding rate and economic activity resulting from agglomeration externali-

ties in the labor market.

To obtain an active labor force participation choice, we assume there is an opportunity 

cost of job search in the form of forgone utility. Conditional on participation, unemployed 

workers search for jobs in frictional labor markets, and the transition rate from unemploy-

ment to employment is assumed to be procyclical: it is easier for unemployed workers to 

find jobs when output is above its long-run trend. We show that combining an active labor 

force participation choice with a procyclical job-finding probability yields an endogenous 

and countercyclical labor wedge.1 The latter is defined as the gap between the marginal rate 

of substitution of consumption for leisure in the frictionless economy and the marginal prod-

uct of labor.2 The countercyclicality of the labor wedge has been shown to be an important 

feature of observed business cycle fluctuations (Gal�ı et al., 2007; Hall 2009; Shimer 2009; 

Karabarbounis 2014).

In our model, the labor wedge is an outcome of search frictions because it is costly for the 

stand-in agent to move members into employment. Moreover, because there are transaction 

externalities (increasing returns to scale) in search activity (�a la Diamond 1982), the labor 

wedge increases in downturns. We show that given the active participation margin, an en-

dogenous countercyclical labor wedge can generate local equilibrium indeterminacy be-

cause of strategic complementarities in search. Specifically, the endogenous participation 

margin and the procyclical transition rate from unemployment to employment can generate 

a positive feedback loop leading to self-fulfilling unemployment fluctuations: when output 

and employment are high, the job-finding probability increases; this encourages higher labor 

force participation, in turn, raising employment and output even further.

Crucially, the labor wedge is also affected by unemployment insurance and, in particular, 

the unemployment insurance replacement rate: larger replacement rates lower the volatility 

of the labor wedge and make it less countercyclical. Because of this, a sufficiently large re-

placement rate is shown to restore determinacy and, therefore, can be a powerful automatic 

1  Recent empirical work attributes an important role to the participation margin for labor market transitions, 
e.g., Elsby et al. (2015) showed that the participation margin accounts for one-third of the cyclical variation 
in the unemployment rate.

2 The frictionless economy is obtained by assuming away search frictions in the labor market, and corre-
sponds to the Hansen (1985) and Rogerson (1988) indivisible labor model in which perfectly insured individ-
uals purchase lotteries over employment and non-employment (yielding a two-states labor market without 
involuntary unemployment). In the frictionless economy’s equilibrium, the marginal rate of substitution of 
consumption for leisure corresponds to the opportunity cost of employment in units of consumption and 
equals the marginal product of labor.
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stabilizer. To obtain this result, we first characterize a necessary condition for local indeter-

minacy (multiple self-fulfilling rational expectations equilibria) by extending the methodolo-

gies of Benhabib and Farmer (1994), Aiyagari (1995), and Wen (2001) to economies with 

frictional labor markets. This necessary condition places restrictions on the employment 

elasticity of the labor wedge and, thus, on its countercyclicality. Since the labor wedge cycli-

cality is affected by the unemployment insurance (UI) replacement rate, the upshot is that by 

inverting the necessary conditions, we are able to obtain a sufficient condition on the size of 

the UI replacement rate required to restore equilibrium determinacy and, thus, eliminate in-

efficient fluctuations. Raising the replacement rate sufficiently smooths the labor wedge 

and, thus, eliminates belief-driven fluctuations by making the participation rate less sensitive 

to changes in the transition rate from unemployment to employment.3

We calibrate the model and show numerically that indeterminacy arises for replacement 

rate policies observed in the United States and Canada (North America), while the equilib-

rium is locally unique for the policy parameters observed in European countries. Allowing 

the replacement rate and the (steady state) job-finding probability to vary independently, we 

trace the regions of (in)determinacy of equilibrium across these two dimensions. European 

characteristics, namely, generous welfare states (high UI replacement rates) and sclerotic la-

bor markets (low job-finding probabilities), fall within the determinacy region, while those of 

North America, fluid labor markets, and less generous policies compared to Europe, fall 

within the region of indeterminacy. Starting with the replacement rates observed in the 

United States, holding labor market frictions fixed and raising the replacement rate to 

European levels would be enough to restore the determinacy of equilibrium. This result is 

consistent with the common empirical finding that raising the replacement rate of unem-

ployment insurance lowers business cycle volatility (see, for example, Di Maggio and 

Kermani 2016). Conversely, given a fixed replacement rate, more sclerotic labor markets are 

more likely to be associated with a unique equilibrium.4 Crucially, our calibration captures 

the salient facts distinguishing European and North American labor markets, according to 

Ljungqvist and Sargent (2008), that displaced workers in Europe suffer smaller earnings 

losses but also face lower reemployment rates than in North American labor markets.

Finally, we study the business cycle dynamics produced by two alternative calibrations of 

our model, corresponding, in turn, to a high UI replacement rate that yields equilibrium 

uniqueness and a low replacement rate that yields equilibrium indeterminacy. Using this ex-

periment, we show that raising the UI replacement rate can substantially lower consumption 

volatility through two channels: stabilizing the countercyclical labor wedge and eliminating 

self-fulfilling fluctuations.

1.1 Related literature

Our paper relates to the literature that studies search complementarities as a source of vola-

tility, typically by introducing increasing returns in search activity across labor and other 

markets. Early precursors include Diamond (1982, 1984), Howitt and McAfee (1992), and 

3 This resonates with the result by Arseneau and Chugh (2012) regarding optimal taxation in models with fric-
tional labor markets and endogenous participation (features that are also important in our model). In their 
framework, efficiency requires stabilizing the labor wedge over the business cycle.

4 When we conduct these comparative static experiments, we are ignoring the possibility that the replace-
ment rate affects the steady state job-finding probability. In doing this, we are following the approach in 
Krusell et al. (2017) in treating labor market frictions as exogenous. However, with an endogenous job crea-
tion channel, these two parameters may be codetermined.
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Boldrin et al. (1993).5 With a focus on labor market search frictions, there are a few papers in-

vestigating the possibility of equilibrium indeterminacy and self-fulfilling fluctuations due to 

externalities in search, employing equilibrium dynamic stochastic general equilibrium 

(DSGE) models with frictional labor markets. Two early examples are Hashimzade and 

Ortigueira (2005), who develop a neoclassical growth model with search frictions and show 

that inefficient self-fulfilling fluctuations can arise in this model, and Zanetti (2006), who con-

siders instead a New Keynesian model with staggered prices and search frictions, and shows 

that labor market frictions may yield indeterminacy under monetary policy regimes that 

would deliver a unique equilibrium in the absence of the search externalities.6

Two other related studies are Krause and Lubik (2010) and Lazaryan and Lubik (2019) who 

investigate, in turn, local and global equilibrium dynamics in the canonical search and 

matching model of the labor market, showing the possibility of indeterminacy related to the 

job creation condition. In particular, the latter paper demonstrates the pervasiveness of peri-

odic and chaotic solutions when global dynamics are considered. Instead, in our approach, it 

is the strategic complementarity in participation choice that may generate self-fulfilling un-

employment fluctuations, justifying automatic stabilizers in the form of unemployment in-

surance to eliminate belief-driven fluctuations, even in environments with perfect 

insurance markets.

In such environments, there may be an important role for policy interventions. In particu-

lar, we contribute to the work examining automatic stabilizers in models of endogenous 

business cycles. Schmitt-Groh�e and Uribe (1997) show that indeterminacy can arise in the 

neoclassical growth model if tax rates are determined by a balanced budget with a pre-set 

level of revenues. Guo and Lansing (1998) argue that progressive income tax schedules can 

restore saddle path stability and, in related work, Christiano and Harrison (1999) show that 

indeterminacy can be prevented if the tax rate is an increasing function of aggregate employ-

ment. Nakajima (2006) shows that indeterminacy can arise even in the absence of externali-

ties in the neoclassical growth model with asymmetric information and incomplete markets 

because moral hazard generates a downward-sloping labor supply curve. However, unem-

ployment insurance weakens this mechanism and, thus, may eliminate sunspot fluctuations.

More broadly, we contribute to the important literature on the impact of unemployment 

insurance and other labor market institutions on labor market and business cycle fluctua-

tions. This work often considers environments combining search and matching frictions with 

nominal rigidities, a feature that we abstract from in this paper. Examples of such environ-

ments include Faia (2008), Christoffel et al. (2009), Thomas and Zanetti (2009), and Zanetti 

(2011a), which highlight the interaction between search and matching frictions and nominal 

rigidities, emphasizing the role of labor market institutions in shaping fluctuations. Within 

the Mortensen and Pissarides (1994), Pissarides (2000) and Zanetti (2011b), study how labor 

policy instruments such as unemployment benefits, firing costs, and payroll income taxes, af-

fect the profitability of forming a match and, thus, the cyclical volatility of job creation. In 

particular, Zanetti (2011b), shows that both taxes and unemployment benefits lower the joint 

surplus of job matches and, therefore, yield a more volatile job creation margin. Also within 

5  Although our focus is the labor market, search externalities are more general and can generate self-fulfilling 
fluctuations. For example, Kaplan and Menzio (2016) develop a theory of self-fulfilling unemployment fluc-
tuations driven by shopping-time externalities, and Fern�andez-Villaverde et al. (2025) document the impor-
tant role played by strategic complementarities in search effort by firms seeking to form trading 
relationships along supply chains.

6  In contrast to this strand of the literature, a large body of work on labor market business cycle fluctuations 
focuses, instead, on environments where volatility arises from the transmission and amplification of funda-
mental shocks rather than from self-fulfilling beliefs. Examples of such amplification channels include real 
wage rigidities (Hall 2005a), fixed matching costs (Pissarides 2009) and, more recently, cyclical markups 
(Kokonas 2023).
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the Mortensen and Pissarides (1994) framework but including endogenous search effort by 

the unemployed and moral hazard considerations, Jung and Kuester (2015) study state- 

contingent optimal labor market policies and, in particular, show that fiscal support for va-

cancy creation and unemployment insurance should adjust countercyclically in response to 

large business cycle shocks.7

The stabilizing effect of automatic stabilizers, in particular unemployment insurance, is 

traditionally thought to be potent in environments featuring missing insurance opportunities 

(Flod�en 2001; Alonso-Ortiz and Rogerson 2010; Challe and Ragot 2016; McKay and Reis 2016). 

More recently, Kekre (2023), Gorn and Trigari (2024) and Ferriere and Navarro (2024), in envi-

ronments with incomplete markets, nominal rigidities, and labor market frictions, assess, 

both theoretically and quantitatively, the stabilizing effect of unemployment insurance. 

Ferriere and Navarro (2024) model unemployment risk with a similar externality, assuming a 

procyclical transition rate from unemployment to employment. Instead, we use the model 

developed in this paper to study the role of unemployment insurance in a setting with per-

fect private insurance markets and, consequently, no motivation for redistribution. Still, un-

employment insurance is shown to have the potential to eliminate local indeterminacy and, 

therefore, is a powerful automatic stabilizer that can also have beneficial welfare effects by 

eliminating inefficient fluctuations driven by extrinsic uncertainty. Although there are other 

models in which automatic stabilizers reduce business cycle volatility despite the existence 

of perfect private insurance markets (for example, by lowering the aggregate labor supply 

elasticity, as in Janiak and Santos Monteiro 2016), this is in general not efficient. In contrast, 

in the model with search and agglomeration externalities that we propose, unemployment 

insurance may both lower aggregate volatility and improve welfare in a set-up with perfect 

private insurance market, by preventing inefficient beliefs-driven fluctuations.8

The rest of the paper is organized as follows. In Section 2 we introduce the general equilib-

rium model. In Section 3 we obtain necessary conditions for local indeterminacy to arise. In 

Section 4, we consider the stabilization role of unemployment insurance and, specifically, 

show that sufficiently high replacement rates can eliminate indeterminacy. In Section 5, we 

consider the calibrated model and study quantitatively how labor markets with either 

European or North American characteristics compare through the lenses of our model. In 

Section 6 we investigate the business cycle dynamics generated by the model under two al-

ternative calibrations, in turn, with equilibrium indeterminacy and with an unemployment 

insurance replacement ratio sufficiently high to eliminate indeterminacy. Finally, Section 7 

offers some conclusions.

2. Model
In our model, labor market adjustments occur only along the extensive margin and there are 

three possible labor market states: employment, unemployment, and nonparticipation. 

Adjustments along the extensive margin are determined by individuals’ indivisible choice 

over labor force participation in frictional labor markets. To overcome the resulting 

7 There also exists a large empirical literature, well surveyed in Bettarelli et al. (2025), that investigates the re-
lationship between labor market institutions and business-cycle volatility. The substantial variation in both 
the sign and magnitude of the estimated effects across studies highlights the value of complementary theo-
retical work to clarify the underlying mechanisms.

8  Other earlier related research includes Andolfatto and Gomme (1996) who, like us, also develop a general 
equilibrium model with endogenous participation, but with incomplete markets. They embed in the model 
an unemployment insurance system calibrated to the Canadian economy and obtain substantial welfare 
gains from a reform that raised the generosity of the unemployment insurance system in Canada.
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non-convexity, we consider the Hansen (1985) and Rogerson (1988) lottery mechanism, but 

with individuals purchasing lotteries over labor market participation and, conditional on par-

ticipation, searching for jobs in frictional labor markets, as in Alvarez and Veracierto (1999, 

2012) and Kokonas and Santos Monteiro (2021, 2025).

Individuals derive flow utility from consumption, c, and incur a disutility cost from partici-

pation in the labor market. The flow utility at each date is given by 

U t ¼
ln Ct; if non-participant

ln Ct − ξ; if participant
;

(

(1) 

where ξ>0 is the opportunity cost of labor market participation due to forgone home pro-

duction, which is incurred irrespective of whether the individual is employed or unemployed. 

As in Hansen (1985) and Rogerson (1988), individuals purchase lotteries where, with proba-

bility π 2 ð0;1Þ, they participate in the labor force and, thus, sacrifice utility ξ. But in our 

model, not all labor market participants are employed.

There are frictional labor markets and, conditional on participation, an individual may ei-

ther be employed or unemployed. An individual who participates in the labor market but 

begins period t without a job finds employment with probability ft 2 ð0;1Þ. As in Blanchard 

and Gal�ı (2010), and Michaillat (2012), newly hired workers become productive immediately. 

Conditional on participation, unemployment is involuntary, and any equilibrium with unem-

ployment is not Pareto optimal.

Individuals who fail to find a job are eligible for unemployment insurance, receiving a frac-

tion f 2 ½0;1� of the total hourly wage rate. Unemployment insurance (UI) is financed with 

lump-sum taxes T≥0 levied on every individual. Each job is destroyed with constant proba-

bility λ 2 ð0;1Þ. Upon destruction, an individual is allowed to choose between searching for 

another job or staying out of the labor force. If the existing job is not destroyed, then the indi-

vidual continues with the existing employment relationship.

Frictions restrict workers’ access to employment. However, conditional on employment, 

the labor market is competitive, and wages reflect the marginal product of labor.9 Goods 

and capital markets are competitive. There is no aggregate uncertainty (perfect foresight 

equilibria), but frictional labor markets generate idiosyncratic risk. Competitive firms have 

(identical) Cobb-Douglas technology which turns labor and capital into output, 

Y ¼ FðK;NÞ ¼ KαN1 − α, α 2 ð0;1Þ, and ðK;NÞ denote the demand for capital and hours of 

work. Firms pay wages w to hire workers, r to rent capital, and maximize their flow of prof-

its, FðK;NÞ− rK − wN.

2.1 Stand-in agent’s problem

Time is discrete and the horizon is infinite, t ¼ 0;1;2; . . .; the measures of individuals at the 

end of date t − 1 in employment, unemployment, or out of the labor force, in turn, Nt − 1, 

Ut − 1, Ot − 1, are all pre-determined variables. Agents face three salient sources of idiosyncratic 

risk: the outcome of the lottery over labor force participation, the risk of job loss conditional 

on employment, and the risk of not finding work conditional on labor force participation. 

However, as in Andolfatto (1996), despite the random matchings and separations that occur 

in the labor market inducing different individual employment histories, this heterogeneity 

9 The assumption of competitive markets in coexistence with search frictions has a long tradition and fol-
lows, for example, Lucas and Prescott (1974), Alvarez and Veracierto (1999, 2012) Alvarez and Shimer 
(2011), and Krusell et al. (2008, 2010, 2011).
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does not lead to wealth dispersion because of perfect insurance markets, and all individuals 

enjoy the same level of consumption no matter their labor force status. This market structure 

yields a stand-in agent representation, with lifetime utility given by 

V ¼
X1

t¼0

βtðln Ct − ξΠtÞ; (2) 

with β 2 ð0;1Þ the discount factor, and where Πt is the labor force participation at date t, 

given by 

Πt ¼ πe;tð1 − λÞNt − 1 þ πu;tUt − 1 þ πo;tOt − 1 þ πλ;tλNt − 1; (3) 

with πe;t, πλ;t, πu;t, πo;t 2 ½0;1�, the probabilities of labor force participation at date t chosen 

by individuals that start date t, in turn, matched to a job that survives, a job that is destroyed, 

in unemployment, and out of the labor force.10 The stand-in agent must choose state contin-

gent allocations to maximize (2) subject to the budget constraint 

Ct þ It ¼ rtKt þwt½Nt − 1ð1 − λÞπe;t þ ftHt� þ btð1 − ftÞHt − Tt; (4) 

where Ht is the measure of individuals searching for jobs at date t, given by 

Ht ¼ πu;tUt − 1 þ πo;tOt − 1 þ πλ;tλNt − 1: (5) 

Thus, the job searchers at date t include all the individuals who were not in employment 

at date t − 1 and choose to participate in date t, and also the individuals who were employed 

at date t − 1, but who see their job destroyed at date t and choose to remain in the labor 

force. A proportion ð1 − ftÞ of the job searchers fail to find a job and, thus, earn unemploy-

ment benefits, given by bt ¼ wtf, with f the unemployment replacement rate.

Finally, the capital accumulation equation is given by 

Kt þ 1 ¼ It þð1 − δÞKt; (6) 

where It denotes investment, Ktþ1 is the end of period capital stock holdings and δ 2 ð0;1Þ is 

capital depreciation.

2.2 Equilibrium

The optimality conditions solving the stand-in agent’s problem are 

ξ≤ ftwt þð1 − ftÞbt

Ct

; (7) 

10 As in the Hansen (1985) indivisible labor supply model, individuals purchase lotteries that specify their par-
ticipation probabilities, πe;t , πλ;t , πu;t , πo;t , and therefore determine their labor market histories. We depart 
from Hansen by assuming that the lotteries are over labor force participation and not employment. 
Conditional on participation, individuals may still stay unemployed because of labor market frictions. 
However, no matter the history of labor market outcomes, all individuals enjoy the same consumption and, 
thus, as in Hansen (1985), the model admits a representative agent representation with quasi-linear prefer-
ences. In Supplementary Appendix A we describe carefully how the aggregation result is obtained.
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ξ≤ wt

Ct

; (8) 

1 ¼ βRt þ 1
Ct

Ct þ 1

� �
; (9) 

where (7) and (8) are the intratemporal optimality labor supply conditions. Condition (9) is 

the standard Euler equation with Rtþ1 ¼ 1 − δþ rtþ1.

Conditions (7) and (8) determine the participation choices made by individuals. They are 

written as inequalities because we allow for corner solutions, where some individuals partici-

pate with certainty. In the sequel, we restrict attention to equilibria in which some individu-

als choose not to participate in the labor force. For this to be the case, we must have that (7)

holds as equality, meaning that there is an interior solution for the tuple ðπλ;t;πu;t;πo;tÞ. The 

upshot is that (8) holds as an inequality and, hence, all individuals holding a job choose to 

participate, πe;t ¼ 1.

Recalling that bt ¼ fwt, the intratemporal optimality condition (7) can be written 

as follows 

wt ¼ τt
ξ

1=Ct

� �
; with τt ¼

1

ft þð1 − ftÞf
; the labor wedge; (10) 

where wt corresponds to the marginal product of an employed worker, and ξCt corresponds 

to the worker’s opportunity cost of employment in the frictionless economy. Efficiency 

requires the marginal product of employment to be equal to the opportunity cost of employ-

ment and, therefore, the wedge between these two quantities, τt ≥1, corresponds to the la-

bor wedge. The frictionless economy is achieved when ft ¼ 1 for all t, in which case we 

obtain the original Hansen (1985) economy, in which there is no involuntary unemployment 

and the equilibrium is efficient. It is easy to verify that in the frictionless economy there is no 

labor wedge, τt ¼ 1 for all t. Thus, the labor wedge in our economy results from labor market 

search frictions. This is because conditional on participation, inactivity is socially wasteful: in 

other words, involuntary unemployment is suboptimal in our economy.

The model equilibrium conditions correspond to those of the canonical neoclassical 

growth model with indivisible labor, augmented with an endogenous labor wedge, 

as follows 

1 ¼ βRt þ 1
Ct

Ct þ 1

� �
; (11) 

wt=Ct ¼ τtξ; (12) 

Ct þ Kt þ 1 ¼ Kα
t N1 − α

t þð1 − δÞKt; (13) 

wt ¼ ð1 − αÞ
Kt

Nt

� �α

; (14) 

Rt ¼ 1 − δþ α
Nt

Kt

� �1 − α

; (15) 

where (11) and (12) are the intertemporal and intratemporal optimality conditions discussed 

above, condition (13) is the goods’ market clearing condition, and (14) and (15) are obtained 

from the firm’s optimal decisions. The motion equations for the aggregate labor market vari-

ables are 
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Nt ¼ ð1 − λÞNt − 1 þHtft; (16) 

Ut ¼ ð1 − ftÞHt; (17) 

Πt ¼ Nt þUt; (18) 

where we impose πe;t ¼ 1 to obtain (16). Lastly, the government budget is given by 

Tt ¼ btUt; (19) 

where proceeds from lump-sum taxation finance UI benefits.

The system of equilibrium conditions (11–19) fully determines the equilibrium path for a 

given sequence of job-finding probabilities fftgt≥0. It determines a unique steady state equi-

librium up to a choice of steady state job-finding probability, as shown in Supplementary 

Appendix C.

3. Search frictions and indeterminacy
As is clear from (10), the labor wedge, τt, is endogenous and determined by the job-finding 

probability, ft. Next, we show that if the job-finding probability is procyclical (and, thus, the 

labor wedge is countercyclical), then the equilibrium dynamics around the steady state may 

feature local indeterminacy, enabling inefficient self-fulfilling fluctuations. We extend the 

method of Wen (2001) to analyze economies with labor market frictions and determine nec-

essary conditions for local indeterminacy. Our focus is to provide an intuitive explanation for 

the emergence of inefficient self-fulfilling fluctuations through necessary conditions for local 

indeterminacy.

3.1 The job-finding probability

The job-finding probability, which measures the ease of matching job seekers with jobs, has 

been found to be procyclical in empirical studies. Specifically, during economic expansions, 

the job-finding probability tends to increase, and during recessions, it tends to decrease 

(Shimer 2005; Hall 2005b). To align our model with this empirical evidence, we impose the 

following restriction on the equilibrium sequence of job-finding probabilities, fftgt≥0.

Assumption 1.  (procyclical job-finding probability) 

bf t ¼ σbY t; 8t;

where σ>0 denotes the output elasticity of the job-finding probability and hat variables, bf t 

and bY t, denote log-deviations from the steady state.

Assumption 1 posits that the job-finding probability is procyclical. Crucially, this assump-

tion creates an externality in the model with endogenous participation. This externality 

embeds the Diamond (1982, 1984) transaction externalities into the labor market, in the 

sense that the probability that an unemployed worker is able to find employment depends 

on the overall level of economic activity. Ferriere and Navarro (2024) model unemployment 

risk under assumptions similar to ours, specifically by postulating procyclical job-finding 

rates, and they further evaluate the effectiveness of various labor market policies. In 
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Supplementary Appendix B, we provide explicit micro-foundations that derive an equilibrium 

relationship consistent with Assumption 1, combining standard economic agglomeration 

effects with undirected search by unemployed workers.

However, regardless of the specific micro-foundations, all that matters in the sequel is the 

procyclical nature of the job-finding probability, which leads to a positive feedback loop: 

when output and employment are high, the job-finding probability increases, which in turn 

encourages more individuals to participate in the labor force, further raising employment 

and output. This externality implies inefficiency in competitive equilibrium and the possibil-

ity of sunspot equilibria. Next, we obtain necessary conditions for local indeterminacy and, 

thus, the emergence of inefficient sunspot equilibria.

3.2 Necessary conditions for local indeterminacy

Substituting the motion equation (16) into the stand-in agent’s flow budget (4) allows us to 

express it in terms of the household’s labor income, wtNt. In this setup, the stand-in agent 

consumes a constant fraction ð1 − βÞ of her permanent income, as follows: 

Ct ¼ ð1 − βÞ RtKt þwtNt þ btUt − Tt þ
X1

j¼1

Yj

i¼1

R − 1
t þ i

0

@

1

A wt þ jNt þ j þ bt þ jUt þ j − Tt þ j

� �
2

4

3

5: (20) 

Therefore, indeterminacy in consumption requires indeterminacy in permanent income. 

Following Wen (2001), we express (20) as a function of the equilibrium path of employment 

fNtg
1
t¼0. Once the equilibrium path of employment is determined, then we can also deter-

mine the equilibrium path of output, consumption, and capital. The task of characterizing 

the local dynamics of the model around the steady state is, therefore, reduced to the exami-

nation of the indeterminacy of the equilibrium path of employment.

Iterating the Euler equation (11) forward yields: 

Yj

i¼1

R − 1
t þ j

0

@

1

ACt þ j ¼ βjCt: (21) 

In turn, substituting the intratemporal condition (10), the government budget (19), and the 

iterated Euler equation (21) into (20), yields 

Ct ¼ RtKt

X1

j¼0

βj 1 − ξτt þ jNt þ jð Þ

" #− 1

: (22) 

Substituting (10) into (22), yields 

X1

j¼0

βjð1 − ξτt þ jNt þ jÞ ¼
ξτtRtKt

wt

; (23) 

where the right-hand side of (23) is the value of wealth in utility terms. Log-linearizing (23)

around the steady state yields 
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ΓX1
j¼0

βjðbNt þ j þbτt þ jÞ ¼ bτt þ bRt − bwt þ bK t; (24) 

with Γ¼ − ð1 − βÞξ�τ�Nð1 − ξ�τ�NÞ− 1, and where �X denote the steady state of variable X, and bX , 

the log-deviation from steady state.

The task of the remaining part of this section is to derive a necessary condition for local in-

determinacy. The key point is to show that the current employment elasticity of both sides 

of (24) must be negative. This turns out to be the case if and only if the employment elasticity 

of the labor wedge, defined in (26), lies within an appropriately constructed open interval. 

Before presenting the detailed arguments leading up to the necessary condition, we first out-

line the main building blocks. We begin by establishing two lemmas that allow us to rewrite 

both sides of (24) as functions of the sequence fbNtþ jg
1
j¼0. This, in turn, makes it possible to 

apply the method of Wen (2001), which derives necessary conditions for local indeterminacy 

by requiring that the current employment elasticity of both sides be negative.11

Proposition 1 shows that for there to be multiple equilibrium paths, it must be that the 

equilibrium employment dynamics follow an AR (2) process around the steady state. Using 

this result, Proposition 2 establishes that the employment elasticity of the left-hand side of 

(24) is negative if and only if the employment elasticity of the labor wedge is bounded above, 

providing the first building block toward the construction of the necessary condition. Next, 

Proposition 3 shows that without fluctuations in the labor wedge, the equilibrium is locally 

unique. Proposition 4 clarifies why obtaining necessary and sufficient conditions for local in-

determinacy is more demanding: it requires not only that the employment elasticities on 

both sides of (24) share the same sign but also that they be exactly equal. Finally, 

Proposition 5 establishes the main result of this section: local indeterminacy arises only if 

the employment elasticity of the labor wedge lies within an open interval. In particular, the 

elasticity must be bounded below to ensure that the employment elasticity of the right-hand 

side of (24) is negative. This guarantees that the employment elasticity of both sides of (24) is 

negative, which is the key requirement for local indeterminacy. The economic intuition for 

this condition is discussed in the following paragraphs.

The following two lemmas allow us to rewrite both sides of (24) as functions of the se-

quence fbNtþ jg
1
j¼0.

Lemma 1.  The log-deviation of the labor wedge from the steady state is given by 

bτt ¼ −�τ�f ð1 − fÞbf t; 8t: (25) 

Proof. Follows immediately from the log-linearization of the labor wedge (10) w 

Given (25) and Assumption 1, we can define the employment elasticity of the labor wedge, 

which is given by 

11  Wen (2001) applies this methodology to the model of Schmitt-Grohe and Uribe (1997), where the labor 
wedge follows from distortionary labor income taxes and, thus, is exogenous. However, in our setup, the la-
bor wedge is an outcome of labor market frictions and is endogenous. Thus, we generalize the method of 
Wen (2001) for deriving necessary conditions for local indeterminacy in an economy with endogenous labor 
wedge fluctuations. More generally, (23) characterises the equilibrium of an RBC economy with indivisible 
labor and time-varying labor income taxes financed with lump-sum subsidies.
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ετ �
@ bτt

@bNt

¼ −�τ�f ð1 − fÞð1 − αÞσ; (26) 

where we made use of the log-linear production function, bY ¼ αbK t þð1 − αÞbNt. Thus, the la-

bor wedge reacts countercyclically to output. Subsequently, (25) implies that the left-hand 

side of (24) depends on 
P1

j¼0 βjbf tþ j, which, in turn, after taking into account Assumption 1

and bY ¼ αbK t þð1 − αÞbNt, is determined by 
P1

j¼0 βjbK tþ j and 
P1

j¼0 βjbNtþ j, as follows.

Lemma 2.  The infinite sum 
P1

j¼0 βjbτtþ j reduces to  

X1

j¼0

βjbτt þ j ¼ ωbK t − 1 þ χbNt − 1 þφ
X1

j¼0

βjbNt þ j; (27) 

where ω;χ;φ are functions of structural parameters and ετ and φ<0. 

Proof. See Supplementary Appendix D. w

Substituting (25) and (27) into (24), and substituting for the equilibrium factor pri-

ces, yields 

X1

j¼0

υj
bNt þ j ¼ ψ0

bK t þψ1
bK t − 1 þψ2

bNt − 1; (28) 

where the right-hand side depends on predetermined variables at date t, and υj and ψ are 

elasticity parameters.12 This leads us to the following equilibrium characterization.

Proposition 1.  If the equilibrium transition path for Nt around the steady state follows 

a stationary AR(1) process, then the equilibrium is locally unique. If the equilibrium 

path is not unique, then it must follow a stationary AR (2) process around the 

steady state. 

Proof. The proof follows similar ideas from Wen (2001). We discuss the key points.

First, if bNt is AR (1), then the equilibrium is unique. Let 

bNt þ 1 ¼ ρbNt; ρ 2 ð0; 1Þ:

Substituting it into (28) and iterating forward, we obtain that bNt is pinned down by the 

right-hand side predetermined variables at date t. The equilibrium is unique.

Thus, under indeterminacy, bNt must follow an autoregressive process with an order higher 

than one. Consider, first, an AR (2), as follows: 

bNt þ 2 ¼ ρ1
bNt þ 1 þ ρ2

bNt; ρ1 þ ρ2 < 1: (29) 

Under repeated iteration, (28) implies 

12  See Supplementary Appendix E for detailed derivations of these parameters.
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bρ1
bNt þ 1 þ bρ2

bNt ¼ ψ0
bK t þψ1

bK t − 1 þψ2
bNt − 1;

where bρ1;bρ2 are functions of the two stable roots. Given the predetermined variables, bNt is 

indeterminate unless bNtþ1 is known. Since bNtþ1 cannot be solved by backward iteration us-

ing (29), it is unknown at time t. The equilibrium is not unique.

Finally, bNt cannot follow an autoregressive process of a higher order than two, because 

the state space of the model has a dimension of at most two, including one state variable 

and one co-state variable w

Next, through a series of steps, we characterize necessary conditions for local 

indeterminacy.

Proposition 2.  The employment elasticity of the left-hand side of (23) is negative if and 

only if 

− ετ <�ε �
αβð�Y=�KÞ− αβδ

αβð�Y=�KÞ
; (30) 

where �Y=�K is the output-capital ratio in steady state. 

Proof. Log-linearizing the left-hand side of (23) yields 

ΓX1
j¼0

βjðbNtþ j þbτt þ jÞ: (31) 

Substituting (25) into (31) and ignoring predetermined variables yields 

Γð1þφÞ
X1

j¼0

βjbNt þ j;

with Γ¼ − ð1 − βÞξ�τ�Nð1 − ξ�τ�NÞ− 1 <0, because intratemporal optimality and labor market 

clearing imply 

ξ�τ�N ¼
�w�N
�C

¼
1 − α

�C=�Y
¼

1=β − 1þ δ − αδ − αð1=β − 1Þ

1=β − 1þ δ − αδ
< 1;

where �C=�Y is the steady state consumption-output ratio (see Supplementary Appendix C). 

Thus, Γð1þφÞ is negative if and only if φ> − 1. In Supplementary Appendix F we show that 

φ> − 1 is true if and only if (30) holds.

To complete the argument we need to show that 

sign
X1

j¼0

βjbNt þ j

( )
¼ signfbNtg: (32) 

The proof is identical to the proof of Proposition 2 in Wen (2001). The key point is as fol-

lows. The equilibrium employment path fbNtg
1
t¼0 is converging with an autoregressive order 

of at most two (see Proposition 1). Solving the second order system and then substituting 

into 
P1

j¼0 βjbNtþ j satisfies (32) w

The emergence of belief-driven fluctuations arises from a positive feedback loop between 

current actions and beliefs about the behavior of current and future aggregate variables. 
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Proposition 2 shows that the current employment elasticity of the present value of labor 

income in utility terms is positive, providing the first building block toward the necessary 

conditions for local indeterminacy. To see this, substitute the intratemporal condition (10)

into the left-hand side of (23) and rearrange to obtain: 

1

1 − β
−

X1

j¼0

βj 1

Ct þ j

wt þ jNt þ j

� �
; (33) 

which represents the opposite, ignoring constants, of the present discounted value of labor 

income in utility terms. Condition (30) is necessary and sufficient for the employment elastic-

ity of the latter value to be positive. Intuitively, higher current employment increases the 

stand-in household’s permanent income, as measured by the present value of labor income 

in utility terms. To complete the positive feedback loop and establish the necessary condi-

tions for local indeterminacy, it remains to show how beliefs about higher permanent income 

feed back into higher current employment, closing the loop between current actions and 

expectations about the path of permanent income.

Before stating the necessary condition formally, we prove two useful results.

Proposition 3.  If the labor wedge is constant, then the equilibrium is locally unique. 

Proof. If σ ¼ 0, then the labor wedge is constant. Then, it suffices to show that given the 

steady state level of �K there is no Nt other than the steady state �N that satisfies (23). We 

prove this by contradiction. Suppose there is Nt > �N such that (23) is satisfied, then 

X1

j¼0

βjð1 − ξ�τNt þ jÞ ¼
ξ�τRð�K ;NtÞ�K

wð�K ;NtÞ
: (34) 

By Proposition 2, expression (30) is satisfied, and the left-hand side of (34) satisfies 

X1

j¼0

βjð1 − ξ�τNt þ jÞ<
X1

j¼0

βjð1 − ξ�τ�NÞ:

Next, the gross interest rate R is increasing in Nt, and the real wage is decreasing in Nt. The 

right-hand side of (23) satisfies 

ξ�τRð�K ;NtÞ�K

wð�K ;NtÞ
>

ξ�τRð�K ; �NÞ�K

wð�K ; �NÞ
;

which implies that 

X1

j¼0

βjð1 − ξ�τNt þ jÞ<
X1

j¼0

βjð1 − ξ�τ�NÞ ¼
ξ�τRð�K ; �NÞ�K

wð�K ; �NÞ
<

ξ�τRð�K;NtÞ�K

wð�K ;NtÞ
:

This is a contradiction.                                                                                                                          w

Proposition 4.  A necessary and sufficient condition for indeterminacy is that the 

employment elasticities on both sides of Equation (23) are the same. 
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Proof. Starting from an equilibrium path, a small deviation of N away from this 

path will not violate equation (23) if and only if the changes on both sides of (23) brought 

about by the deviation in N exactly offset each other. In such a case, N is indeterminate 

given the state K. This is the same as saying that the labor elasticities on both sides of (23)

are the same                                                                                                                                                w

Finally, we obtain necessary conditions for local indeterminacy. This result is key, since it 

allows us to subsequently obtain sufficient conditions for local stability that are implement-

able through a judicious design of unemployment insurance.

Proposition 5.  (Necessary condition) Suppose α< �α � 1=½1þδ

�
αβð�Y=�KÞð1 − δÞ

�− 1

�:

Then, a necessary condition for local indeterminacy is  

− ετ 2 ðε;�εÞ; (35) 

where ε ¼ εR − εw, εw <0 is the employment elasticity of real wages, εR >0 is the 

employment elasticity of gross interest and α< �α ensures that �ε> ε. 

Proof. From Proposition 2 we show that the employment elasticity of the left-hand side of (23) is 

negative if, and only if, − ετ <�ε. A necessary condition for local indeterminacy requires that the 

employment elasticities of the left and right-hand sides of (23) have the same sign. A necessary 

and sufficient condition for the employment elasticity of the right-hand side of (23) to be nega-

tive is that − ετ >εR − εw � ε, which, in turn, reduces to − ετ >αβð�Y=�KÞþαβð1 − δÞ. The upshot 

is that a necessary condition for local indeterminacy is that − ετ 2 ðε;�εÞ, which is a well-defined 

interval as long as α< �α                                                                                                                             w

The restrictions on primitive parameters that ensure α< �α, such that (35) is a well-defined 

interval, are satisfied by common calibrations in the literature and, in that sense, it is a weak 

restriction.13

The necessary condition (35) involves two bounds. Satisfaction of the upper bound, �ε, as 

discussed after Proposition 2, ensures that higher employment raises permanent income. 

The lower bound, ε, ensures that current actions reinforce initially held beliefs: expectations 

of higher permanent income feed back into higher current employment. This condition can 

also be interpreted in terms of the restriction it places on the equilibrium employment-wage 

loci defined by (10), specifically in terms of the slopes of the left- and right-hand sides, which 

correspond to the employment demand and supply elasticities. In particular, both aggregate 

labor demand and aggregate labor supply are downward sloping, since εw <0 and ετ <0. 

The lower bound of the necessary condition for local indeterminacy requires that aggregate 

labor supply is steeper than aggregate labor demand, i.e., − ετ > − εw þεR > − εw, where the 

first inequality corresponds exactly to the satisfaction of the lower bound in the necessary 

condition stated in Proposition 5.14

13  In our calibration �α � 0:61 and common parameterisations of the capital income share fall below 
this threshold.

14 Similar to us, the mechanisms in Bennett and Farmer (2000) and Nakajima (2006) rely on downward-sloping la-
bor supplies to generate self-fulfilling fluctuations. The former approach augments the one-sector neoclassical 
growth model with non-separable preferences between consumption and leisure and increasing returns in pro-
duction. Indeterminacy requires that the labor supply curve is downward sloping and steeper than the (stan-
dard) downward-sloping labor demand curve. While Nakajima (2006) considers a variation of the neoclassical 
growth model with unobservable effort, efficiency wages, and limited unemployment insurance for unemployed 
workers. The labor supply is replaced by the relevant no-shirking condition (NSC). Under partial income insur-
ance, the NSC is downward-sloping and steeper than the downward-sloping labor demand, and indeterminacy 
obtains. Instead, our framework does not require increasing returns or moral hazard considerations, but simply 
frictional labor markets.
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It is important to clarify how the countercyclicality of the labor wedge generates a 

downward-sloping labor supply. To that end, consider again the equilibrium employment- 

wage locus defined by (10): 

wt ¼ τt
ξ

1=Ct

� �
; (36) 

where the countercyclicality of the labor wedge (ετ <0) implies that an increase in current 

employment Nt, holding consumption Ct constant, reduces the right-hand side of (36). To 

satisfy the condition, wages wt must fall, which generates a downward-sloping labor supply 

curve. Allowing consumption to vary shifts the position of the labor supply curve (see Fig. 1) 

and enables us to study how changes in households’ expectations about permanent income 

feed back into current employment decisions, creating a positive feedback loop that can 

generate self-fulfilling unemployment fluctuations.

For example, beliefs of a forthcoming recession shift the labor supply schedule to the left 

(following a drop in current consumption given beliefs of a lower permanent income), which, 

in turn, is consistent with lower current labor force participation and employment, confirm-

ing the initially held beliefs (satisfaction of the lower bound). Furthermore, satisfaction of the 

upper bound in (35) ensures that the drop in current employment reduces permanent in-

come further (satisfaction of the upper bound), which, in turn, reduces current consumption 

and employment even further, closing the positive feedback loop between actions 

and beliefs.

4. Unemployment insurance
The main result of the paper characterizes sufficient conditions regarding optimal replace-

ment rates that restore saddle path stability. The key insight is that by inverting the necessary 

condition for local indeterminacy we obtain sufficient conditions for saddle path stability. (For 

Figure 1 Equilibrium employment-wage loci.
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common calibrations of technology and preference parameters, existence of a stable equilib-

rium path can be verified for any nonnegative employment elasticity of the labor wedge.)

More formally, we establish the following result.

Proposition 6.  It is always possible to design a UI policy to guarantee a unique 

equilibrium path around the steady state. In particular, there exists replacement 

rates f 2 ½�f;1�, with  

�f ¼
σð1 − αÞ− ε

σð1 − αÞþ ð1=�f − 1Þε
; (37) 

for which there is a unique saddle path stable equilibrium. 

Proof. Follows immediately by setting − ετ ¼ σð1 − αÞ�f�τð1 − fÞ ¼ ε, and using the expression 

of the labor wedge �τ ¼ 1=½�f þð1 −�f Þf� at steady state, we construct the bound �f. Then, for all 

f 2 ½�f;1�, the (lower bound of the) necessary condition is violated, and there is a unique path 

converging to the steady state                                                                                                                w

To inspect the mechanisms further, consider the intratemporal optimality (10) rearranged 

as follows: 

ξ ¼
wtft

Ct
þ

ð1 − ftÞfwt

Ct
; (38) 

which equates the exogenous cost of participation, ξ, to the expected return received by a 

non-employed individual who searches for a job. Beliefs about the state of the economy affect 

current labor market conditions via externalities through the job-finding probability f. If f ¼ 1, 

then the job-finding probability cancels from the right-hand side of (38) and there is no feed-

back loop between current actions and beliefs. The result of Proposition 6 states that if re-

placement rates exceed bound �f, then the positive feedback loop between current actions and 

beliefs is weakened substantially, and inefficient belief-driven fluctuations are eliminated.15

5. Calibration
We consider a range of calibrations for the model economy to reproduce the quarterly job- 

finding probabilities and unemployment insurance replacement rates found in a cross- 

section of OECD economies. The countries considered are Belgium (BE), Canada (CA), France 

(FR), Germany (GE), the Netherlands (NL), Spain (ES), the United Kingdom (UK), and the 

United States (US). Crucially, this set of countries spans two different labor market environ-

ments with distinct characteristics (something highlighted in Ljungqvist and Sargent 2008). 

The countries in continental Europe are characterized by sclerotic labor markets (meaning a 

low job-finding probability, f), and generous welfare states (meaning high unemployment 

15  Notice that �f<1, generically. Thus, it is always possible to design unemployment insurance policies that 
eliminate self-fulfilling fluctuations. What is interesting to observe is that setting a 100% replacement rate, 
f ¼ 1, in our model also implements an efficient equilibrium outcome. With ‘thick market externalities’ as 
in Diamond (1982, 1984), efficiency is generically not achieved because these externalities are akin to in-
creasing returns to scale. Indeed, the implementation of an efficient market allocation in the Diamond 
(1982) model is explicitly discussed in Hosios (1990) and shown to only be achievable in the knife-edge case 
in which there are no externalities. In our model, this corresponds to the result that efficiency is only achiev-
able when the elasticity of the job finding rate to output is zero, σ ¼ 0, or if the replacement rate of unem-
ployment insurance is 100%, f ¼ 1, in which case the equilibrium is both unique and efficient.
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insurance replacement rate, f), whilst countries in North America are the opposite. Perhaps 

appropriately, the UK stands more or less between this North Atlantic divide.

A period in our model corresponds to 3 months, but the effective replacement ratio earned on 

average by the typical unemployed worker in each country is contingent on the country’s cross- 

sectional distribution of unemployment duration, and for the majority of the countries in our 

sample the average unemployment duration exceeds 6 months with a very high incidence of un-

employment durations in excess of 12 months (Hobijn and Sahin 2009). Thus, we consider an un-

employment duration of 12 months in the computation of the replacement rates. Specifically, to 

calibrate the unemployment replacement ratio, f, for each country, we make use of OECD statis-

tics on the unemployment insurance net replacement rates, available between 2001–2021, for 

single households with no children and previous earnings at 67% of the average wage, and un-

employment duration of 12 months. Next, turning to the calibration of the steady state job- 

finding probabilities in each country, �f , we make use of the estimated unemployment hazard 

rates documented in Hobijn and Sahin (2009) for several OECD countries.16 The calibrated UI re-

placement rates and job-finding probabilities for each country are shown in Table 1.17

Next, to calibrate the output-elasticity of the job-finding probability, σ, we target the con-

ditional volatility of unemployment and, specifically, the Okun coefficient corresponding to 

the correlation coefficient between unemployment and the output gap. We choose to target 

the Okun coefficient because there is ample evidence that this coefficient is stable over time 

and across countries (Ball et al., 2017). The Okun relationship is derived by log-linearizing the 

system of equations describing the labor market aggregate dynamics, as follows18

ut − �u ¼ ð1 − �uÞ½
1

1 − α
− λσ

� �
�

1

λþ�f 1 − λð Þ
−

1

1 − α
�

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
Okun0scoefficient’�0:5

bY t þ � � � ;

¼ ObY t þ � � � ;

(39) 

where the remainder term ð� � �Þ includes predetermined variables. The Okun coefficient, O, is 

jointly determined by the job-finding probability, �f , the job-destruction probability, λ, the un-

employment rate �u, the capital income share α, and, lastly, the parameter controlling the 

output elasticity of the job-finding rate, σ. Thus, the same Okun coefficient can be associated 

with different labor market characteristics. We choose to calibrate σ to match the labor mar-

ket characteristics of the US and, in particular, target an unemployment rate of 5% following 

Table 1 UI replacement rates and job-finding probabilities across countries.

BE CA FR GE NL ES UK US

f 79.7% 26.6% 69.6% 59.5% 69.6% 62.9% 54.6% 25.0%
�f 9.8% 58.0% 18.1% 18.9% 13.1% 11.3% 28.7% 81.5%

Source: OECD and Hobijn and Sahin (2009).

16  Hobijn and Sahin (2009) estimate average monthly instantaneous job-finding rates, bf m, based on a 
continuous-time model of unemployment duration. We make use of their estimated hazard rates and ob-
tain discrete time job-finding probabilities using the formula f ¼ 1 − exp ð− 3bf mÞ:

17  Our results extend to alternative calibrations where we consider an unemployment duration of 6 months in 
the computation of the replacement rates. The replacement rate for the US and CA are equal to 43% and 
64% respectively, while the replacement ratio for the remaining countries coincides with the values 
in Table 1.

18  Detailed derivations are presented in Supplementary Appendix G.
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Blanchard and Gal�ı (2010). Making use of the model’s equilibrium formula for the unemploy-

ment rate 

�u ¼
λð1 −�f Þ

λð1 −�f Þþ�f
! 5% ¼

λð1 − 0:815Þ

λð1 − 0:815Þþ 0:815
; (40) 

we obtain the US job-destruction probability, λ ¼ 0:232.

Given the US quarterly job-finding probability in steady state, �f ¼ 0:815, the job- 

destruction probability, λ ¼ 0:232 and the steady state unemployment rate, �u ¼ 0:050, tar-

geting an Okun’s coefficient of O¼ − 0:5, yields σ ¼ 2:80. The target for Okun’s coefficient, 

O¼ − 0:5, is taken from Ball et al. (2017) and is a robust feature of the data which holds for 

both annual and quarterly periodicity, and for various methods of measuring short-run 

movements in output and unemployment. Finally, the calibration of the technology and pref-

erences parameters, α, δ, and β is standard in the literature and is reported in Table 2.

5.1 Labor market and (in)determinacy: a quantitative  
assessment

We are now in a position to assess quantitatively how different countries in the OECD, with 

contrasting labor market characteristics, perform in relation to the criteria for local indeter-

minacy we have derived above. Specifically, building on Proposition 6, we are able to rule 

out local indeterminacy for those countries that have a sufficiently high unemployment in-

surance replacement rate, f, given the fluidity of their respective labor markets, which is con-

trolled by the job-finding rate probability, �f . This exercise is illustrated in Fig. 2, which plots 

the locus of job-finding probabilities and UI replacement rates, ð�f ; fÞ. The curve separates 

regions in the graph: the yellow region above the curve indicates where the sufficient condi-

tion for ruling out local indeterminacy is satisfied. Thus, countries located above this curve 

exhibit a unique perfect-foresight equilibrium, ruling out self-fulfilling fluctuations.19

Figure 2 uncovers significant differences between North America and Europe when looking 

at the generosity of the welfare state and labor market conditions. Europe is characterized 

by generous welfare states and sclerotic labor markets (jobs are hard to find), while North 

America (US and CA) is characterized by less generous welfare states and fluid labor mar-

kets. As it turns out, labor markets with European characteristics, except the UK, rule out 

self-fulfilling fluctuations (all European countries, with the exception of the UK, are com-

fortably in the region satisfying the sufficient condition for local uniqueness), whilst labor 

Table 2 Calibrated parameters (time unit of model: quarterly).

Parameter Value Target (and source)

α 0.283 Capital’s income share of 28.3% (Gomme and Rupert 2007)

δ 0.014 Annual investment/capital ratio of 7.6% (Cooley and Prescott 1995)

β 0.992 Annual rate of return on capital of 5.16% (Gomme et al., 2011)

λ 0.232 US unemployment rate of 5% (Blanchard and Gal�ı 2010)

σ 2.80 Okun’s Law coefficient, O¼ − 0:5 (Ball et al., 2017)

19  To be clear, the figure is constructed only making use of the sufficient condition for local uniqueness 
obtained in Proposition 6. Consequently, a country below the curve (the orange region), where the suffi-
cient condition is not satisfied, may still satisfy the Blanchard-Kahn conditions for local determinacy.
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markets with North American characteristics, including the UK, are susceptible to ineffi-

cient, belief-driven fluctuations. This characterization of two different labor market envi-

ronments in North America and Europe is evocative of the analysis by Ljungqvist and 

Sargent (2008), who show that since the 1980s European workers, compared to their North 

American counterparts, face lower hazard rates of gaining employment and increased un-

employment duration (sclerotic labor market), whilst at the same time suffering a lower 

drop in earnings conditional on job loss due to more generous unemployment 

compensation.

Figure 2 highlights the contrasting characteristics of European and North American labor mar-

kets and shows that these differences matter for business cycle fluctuations. It also reveals that, 

holding the replacement rate fixed, the economy exits the indeterminacy region as labor markets 

become more sclerotic (�f ! 0). To see this, recall the intratemporal condition 

ξ ¼
wtft

Ct
þ

ð1 − ftÞfwt

Ct
:

As �f ! 0, the replacement income receives more weight in the expected return to search, 

weakening the effect of beliefs about ft on current actions. This dampening effect breaks the 

feedback loop between beliefs and employment, thereby ruling out indeterminacy.20

Figure 2 Labor market characteristics and (in)determinacy.

20  We have assumed that the unemployed do not engage in home production. However, in previous work 
(Kokonas and Santos Monteiro 2025), we consider similar preferences but generalize the model to in-
clude also disutility from working, in addition to a participation cost, incurred only by the employed 
individuals. This additional cost is interpreted as the forgone home production of the employed 
(the opportunity cost of employment conditional on participation). In the model with forgone home 
production for the employed, the opportunity cost of participation is procyclical (consistent with 
Chodorow-Reich and Karabarbounis 2016). This feature of the model will work in the opposite direction 
as the countercyclicality of the labor wedge and, thus, the indeterminacy region becomes smaller.
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6. Business cycles and indeterminacy
Next, we examine a version of the model that includes fundamental shocks and study the 

macroeconomic response to these shocks when, in turn, there exists a unique rational 

expectations equilibrium and when, instead, the unemployment insurance replacement rate 

is too low, meaning that there is equilibrium indeterminacy and, thus, a sunspot (non-funda-

mental) shock is required to pin down the transition path, conditional on the fundamental 

shock. The log-linear equilibrium conditions of the version of the model that includes funda-

mental shocks are given by 

bwt ¼ bCt þbτt; (41) 

bτt ¼ −�τ�f ð1 − fÞσbY t; (42) 

EtðbCt þ 1Þ− bCt ¼ αβð�Y=�KÞEt½ð1 − αÞðbNt þ 1 − bK t þ 1Þþ zt þ 1�; (43) 

bRt ¼ αβð�Y=�KÞ½ð1 − αÞðbNt − bK tÞþ zt�; (44) 

bwt ¼ αðbK t − bNtÞþ zt; (45) 

ð�C=�KÞbCt þ bK t þ 1 ¼ ð�Y=�KÞbY t þð1 − δÞbK t; (46) 

bY t ¼ αbK t þð1 − αÞbNt þ zt; (47) 

zt þ 1 ¼ ρzzt þ ɛz
t þ 1; (48) 

where Etð·Þ is the date t conditional expectations operator, and ɛz
t is a fundamental technol-

ogy shock that raises total factor productivity zt.

The model corresponds to the standard RBC model, except for the endogenous labor wedge 

bτt, which, as we have seen, may lead to equilibrium indeterminacy if σ, which controls the 

strength of the externalities in search, is sufficiently large. However, if the unemployment re-

placement rate f 2 ½0;1� is sufficiently large, the indeterminacy disappears. In particular, when 

f ¼ 1, we have that the labor wedge no longer fluctuates, as bτt ¼ 0 for all t, and the model col-

lapses to the canonical RBC model with a unique rational expectations equilibrium.

We consider two versions of the model, one with f ¼ 43% (the US unemployment replace-

ment ratio for the 6-month horizon—see footnote 17), and a second calibration that is identi-

cal in everything, except that f ¼ 100%, thus ensuring a unique rational expectations 

equilibrium. To solve the model with indeterminacy, we follow the method in Farmer et al. 

(2015), which amounts to introducing sunspots in the form of rational expectation errors, 

as follows: 

ɛs
t ¼ C^t −Et − 1ðbCtÞ: (49) 

As in Farmer et al. (2015), we model expectations formation by specifying how the forecast 

error, ɛs
t , covaries with the fundamental innovation, ɛz

t . Specifically, we assume the sunspot 

is perfectly correlated with the fundamental shock, ɛs
t ¼ ςɛz

t , and calibrate ς such that the 

TFP shock generates the same percentage increase in output on impact in both the indeter-

minate economy and the economy with a unique rational expectations equilibrium. This ap-

proach keeps the stochastic dimensionality of the two economies the same, and the 

calibration is disciplined by restricting the response of output to TFP shocks on impact to be 

the same across the two economies.

Figure 3 shows the impulse response functions for output, consumption, employment and 

investment to a TFP shock causing output to increase on impact by 1%, in both the economy 
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with an unique RE equilibrium (the high replacement rate economy), and the economy with 

multiple equilibria and, thus, where we introduce a sunspot as in equation (49), taking the 

form of a rational expectation error correlated with the TFP shock. Although the volatility 

and persistence of the TFP shocks are the same in the two economies, in the economy with 

indeterminacy, the macroeconomic volatility is much higher as we report in Table 3. This 

higher volatility results in part from the volatility associated with the sunspot shock, and, in 

particular, the response of consumption on impact to a TFP shock is entirely determined by 

the volatility of the sunspot shock and is given by ɛs
t ¼ ςɛz

t . We discipline the calibration by 

choosing the volatility coefficient, ς, such that in response to a one standard deviation TFP 

Figure 3 Response to a TFP shock in the two economies (blue lines—unique RE equilibrium; and red 

lines economy with multiple equilibria). The response of the model corresponding to the unique RE 

equilibrium is measured in the left vertical axis, and the response of the economy with multiple 

equilibria is measured in the right vertical axis.

Table 3 Business cycle volatility.

Variable Rel. std. dev. (to bY ) Std. dev. across 

calibrations

Unique equilibrium 

f ¼100% 

Multiple equilibria 

f ¼43% 

σf¼43%
x

=σf¼100%
x

Y 1.0000 1.0000 9.2783

C 0.2600 0.4171 14.8806

N 0.9087 1.2579 12.8430

I 5.1257 4.4241 8.0082

Source: Authors’ calculations.

The first two columns report σx=σY . The third column reports the relative standard deviation of each variable 

across the two model calibrations (σf¼43%
x =σf¼100%

x ).
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shock, output increases on impact by exactly 1% in both economies. However, to be sure, 

the volatility in the sunspot economy is arbitrarily high, as it increases with the volatility of 

the rational expectations error. Because of this, precise welfare statements are difficult to 

make. Still, given the volatility obtained in the sunspot economy, if we increased the replace-

ment rate of unemployment insurance to 100%, all else equal, the volatility of consumption 

would fall by a factor of 14.88, suggesting very large welfare gains.

The second factor contributing to the higher volatility of the sunspot economy is the 

strong internal propagation mechanism resulting from the endogeneity of the labor wedge. 

This is illustrated in Fig. 3, and also in Fig. 4, which plots the response of the labor wedge to 

a TFP shock in the economy with indeterminacy. A positive TFP shock lowers the labor 

wedge, resulting in an internal propagation mechanism that delivers a hump-shape with a 

delayed peak response of investment, and other macroeconomic aggregates such as the job 

finding rate. This is a feature of the business cycle that conventional models struggle to ob-

tain without imposing implausible adjustment costs in flow variables such as investment and 

vacancy creation (a problem discussed in, for example, Van Rens and Vukoti�c 2023). 

Therefore, the endogenous labor wedge we obtain, resulting from transaction externalities 

in search and endogenous labor force participation, can lead to empirically more plausible 

conditional business cycle dynamics.21

Figure 4 Labor wedge and TFP in the economy with multiple equilibria.

21 Of course, the endogenous labor wedge fluctuations also lead to stronger internal propagation in an econ-
omy with a unique rational expectations equilibrium, as long as the replacement rate of the unemployment 
insurance is less than full. However, when f ¼ 1, it is immediate to see from equation (42) that bτ t ¼ 0, for all 
t, and thus the labor wedge becomes constant. Obtaining a hump shaped response of output and, thus, 
positive serial correlation in output growth echoes a similar result in Hashimzade and Ortigueira (2005), 
who also construct a model with labor market frictions and search externalities and argue that the in-
creased internal propagation of shocks is a feature of models with such externalities.
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7. Conclusion
This paper embeds frictions in the labor market and an endogenous participation choice in 

an otherwise standard neoclassical growth model and shows that the interaction of these 

features can generate self-fulfilling fluctuations. Unemployment insurance is shown to make 

indeterminacy less likely and is a powerful automatic stabilizer. Calibrated versions of the 

model suggest that this source of instability, and hence, the need to use unemployment in-

surance as an automatic stabilizer, is not just a theoretical possibility but occurs for empiri-

cally plausible values of the parameters. Given a fixed set of labor market characteristics 

(controlled by the labor market fluidity, �f ), the results give support to generous unemploy-

ment insurance, similar to Europe, which eliminates self-fulfilling fluctuations.
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