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Abstract

We study unemployment insurance within an equilibrium business cycle model with
labor search frictions, endogenous participation, and involuntary unemployment. The
model yields an endogenous countercyclical labor wedge that may generate self-fulfilling
fluctuations. We show that unemployment insurance makes local indeterminacy less
pervasive and, therefore, is a powerful automatic stabilizer. In calibrated versions of
the model, indeterminacy occurs for replacement rates that are empirically plausible

for North America, but not for the replacement rates observed for European countries.
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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 unemployment insurance
is traditionally thought to be most effective in environments featuring incomplete 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 individuals that have different
marginal propensity to spend and, thus, contribute to aggregate demand stabilization when
markets are incomplete (Blinder, 1975). But in this paper we present an additional channel
through which unemployment insurance may have both an effective and desirable (welfare
improving) stabilization role even in a setting with perfect private insurance markets and,
consequently, no motivation for redistribution. Unemployment insurance may help eliminate

inefficient self-fulfilling unemployment fluctuations.

To do this, we develop an equilibrium business cycle model with perfect insurance markets,
but frictional labor markets. The labor market features transitions across three-states,
including employment, unemployment, and non-participation. 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 unemployment 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.! The latter is

'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



defined as the gap between the marginal rate of substitution of consumption for leisure in the
frictionless economy and the marginal product of labor.? The countercyclicality of the labor
wedge has been shown to be an important feature of observed business cycle fluctuations

(Gali 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 search frictions are
more pronounced during downturns, the labor wedge increases in downturns. We show that
given the active participation margin, an endogenous countercyclical labor wedge can generate
local equilibrium indeterminacy. 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 replacement rate is shown to restore determinacy and,

therefore, can be a powerful automatic stabilizer.

To obtain this result, we first characterize a necessary condition for local indeterminacy by
extending the methodologies 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 cyclicality is affected by the unemployment insurance (UI) replacement rate, the

in the unemployment rate.

2The frictionless economy is obtained by assuming away search frictions in the labor market, and corresponds
to the Hansen (1985) and Rogerson (1988) indivisible labor model in which perfectly insured individuals
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.



upshot is that by inverting the necessary conditions we are able to obtain a sufficient condition
on the size of the Ul replacement rate required to restore equilibrium determinacy and, thus,
eliminate inefficient fluctuations. Raising the replacement rate sufficiently smoothes 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.?

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 equilibrium
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 labor
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 unemployment
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.? Crucially, our calibration captures the salient facts
distinguishing European and North American labor markets, according to 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.

3This resonates with the result by Arseneau and Chugh (2012) regarding optimal taxation in models with
frictional 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.

4When we conduct these comparative static experiments we are ignoring the possibility that the replacement
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 creation
channel, these two parameters may be codetermined.



Our paper contributes to the important literature on automatic stabilizers, understood broadly
as features of the tax and transfer system that respond automatically to current conditions
in the economy, thereby lowering business cycle volatility. The stabilizing effect of automatic
stabilizers, in particular unemployment insurance, is traditionally thought to be potent in
environments featuring missing insurance opportunities (Flodén, 2001; Alonso-Ortiz and
Rogerson, 2010; Challe and Ragot, 2015; McKay and Reis, 2016). More recently, Kekre (2021)
and Gorn and Trigari (2021), in environments with incomplete markets, nominal rigidities
and labor market frictions, assess, both theoretically and quantitatively, the stabilizing effect
of unemployment insurance. Instead, we use the model developed in this paper to study
the role of unemployment insurance in a setting with perfect private insurance markets and,
consequently, no motivation for redistribution. Still, unemployment 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. Indeed, it is generally argued that for automatic stabilizers to
improve welfare agents must be unable to enter private insurance contracts (McKay and Reis,
2021). In contrast, in the model with search 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 business cycle fluctuations.’

Finally, our paper is also closely related to the literature on automatic stabilisation in
environments where fluctuations in economic activity are possible in the absence of shocks to

fundamentals. Schmitt-Grohe and Uribe (1997) show that indeterminacy can arise in the

SOther 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.



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
employment. Nakajima (2006) shows that indeterminacy can arise even in the absence of
externalities in the neoclassical growth model with asymmetric information and incomplete
markets because moral hazard generates a downward-sloping labor supply curve. However,
unemployment insurance weakens this mechanism and, thus, can potentially eliminate sunspot
fluctuations. In our approach it is the participation choice and the labor market frictions which
may generate self-fulfilling unemployment fluctuations, justifying automatic stabilizers in the
form of unemployment insurance to eliminate belief-driven fluctuations, even in environments

with perfect insurance markets.

The rest of the paper is organized as follows. In Section 2 we introduce the general equilibrium
model. In Section 3 we study the local equilibrium dynamics implied by the model and,
in particular, 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. Finally, in Section 6 we

offer 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 non-participation.
Adjustments along the extensive margin are determined by individuals’ indivisible choice

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



convexity, we consider the Hansen (1985) and Rogerson (1988) lottery mechanism, but
with individuals purchasing lotteries over labor market participation and, conditional on
participation, searching for jobs in frictional labor markets, as in Alvarez and Veracierto

(1999, 2012) and Kokonas and Monteiro (2021).

Individuals derive flow utility from consumption, ¢, and incur a disutility cost from participa-

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

U — In C4, if non-participant | )

InC}y — &, if participant
where £ > 0 is the opportunity cost of labor market participation due to forgone home produc-
tion, which is incurred irrespectively of whether the individual is employed or unemployed. As
in Hansen (1985) and Rogerson (1988), individuals purchase lotteries where with probability
7 € (0,1) they participate in the labor force and, thus, sacrifice utility £. But in our model

not all labor market participants are employed.

There are frictional labor markets and, conditional on participation, an individual may
either be employed or unemployed. An individual who participates in the labor market
but begins period t without a job, finds employment with probability f; € (0,1). As
in Blanchard and Gali (2010), and Michaillat (2012), newly hired workers become productive
immediately. Conditional on participation, unemployment is involuntary and any equilibrium

with unemployment is not Pareto optimal.

Individuals who fail to find a job are eligible for unemployment insurance, receiving a fraction
¢ € [0,1] 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
probability A € (0,1). 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

individual 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.® 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, ¥ =
F(K,N) = K*N'* «a € (0,1), and (K, N) 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 profits,

F(K,N)—rK —wN.

2.1 Stand-in agent’s problem

Time is discrete and the horizon is infinite, ¢ = 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, N;_q,
U;_1, O;_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
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 life-time utility given by’

V:iﬁt<ln0t—§ﬂt), 2)
t=0

6The assumption of competitive markets in coexistence with search frictions has a long tradition and
follows, for example, Lucas and Prescott (1974), Alvarez and Veracierto (1999, 2012), and Krusell et al. (2008,
2010, 2011).

7Appendix A describes how the aggregation result is obtained.



with 5 € (0,1) the discount factor, and where II; is the labor force participation at date ¢,
given by
I =7t (L= A) Nyoy + my iUy + 70401 + A AN, (3)

with 7, Tat, Tut, Tor € [0,1], the probabilities of labor force participation at date ¢ chosen
by individuals that start date ¢, in turn, matched to a job that survives, a job that is destroyed,
in unemployment, and out of the labor force. The stand-in agent must choose state contingent

allocations to maximize (2) subject to the budget constraint
Gy I = 1y + w0 [Nt (L= Moy + fo| +bi(1 = fi)H, T, (4)
where H,; is the measure of individuals searching for jobs at date ¢, given by
Hy = my Uiy 4 71011 + At AN 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 ¢, 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 (1 — f;) of the job searchers fail to find a job and, thus, earn unemployment

benefits, given by b; = w;(, with ¢ the unemployment replacement rate.

Finally, the capital accumulation equation is given by
Ky =1+ (1-90) Ky, (6)

where [; denotes investment, K, is the end of period capital stock holdings and ¢ € (0,1)

is capital depreciation.



2.2 Equilibrium

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

g < I 7
Wy
Cy
1 = B8Ry ( Ct+1) : (9)

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

standard Euler equation with Ryi 1 =1 — 0 + rp41.

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
participate with certainty. In the sequel, we restrict attention to equilibria in which some
individuals 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
(T4, Tut, Tor). The upshot is that (8) holds as an inequality and, hence, all individuals

holding a job choose to participate, m.; = 1.

Recalling that b, = (;w,, the intratemporal optimality condition (7) can be written as follows

. 1
Wt = Tt <%> s Wlth T = m, the labor Wedge, (].0)

where w; corresponds to the marginal product of an employed worker, and £C} 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 employment
and, therefore, the wedge between these two quantities, 7, > 1, corresponds to the labor
wedge. The frictionless economy is achieved when f; = 1 for all £, in which case we obtain

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

10



the equilibrium is efficient. It is easy to verify that in the frictionless economy there is no
labor wedge, 7, = 1 for all £. 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

| = BRu., ( G ) , (1)

Cin
wCy = 7€, (12)
Ct + Kt+1 - KtaNtl_a + (1 - 5)Kt7 (13)
K— (07
w, = (1—a) (Fz) , (14)
Nt 11—«
=1 — 1
Rt 0 + o (Kt> s ( 5)

where (11)—(12) are the intertemporal and intratemporal optimality conditions discussed
above, condition (13) is the goods’ market clearing condition, and (14)—(15) obtain from the

firm’s optimal decisions. The motion equations for the aggregate labor market variables, are

N = (1= NN, + Hfi, (16)
U= (1— f;) Hy, (17)
I, = N, + U, (18)

where we impose m.; = 1 to obtain (16). Lastly, the government budget is given by

Tt == btUt, (19)

where proceeds from lump-sum taxation finance Ul benefits.

11



The system of equilibrium conditions (11)—(19) fully determines the equilibrium path for
a given sequence of job-finding probabilities { ft}tZO‘ It determines a unique steady state

equilibrium up to a choice of steady state job-finding probability, as shown in Appendix B.

3 Search Frictions and Indeterminacy

As is clear from (10), the labor wedge, 74, is endogenous and determined by the job-finding
probability, f;. 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
necessary 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, 2005). To align our model with this empirical evidence, we impose the following

restriction on the equilibrium sequence of job-finding probabilities, {f;},-

Assumption 1 (procyclical job-finding probability)
fo=0o¥,, V1,

where o > 0 denotes the output elasticity of the job-finding probability and hat variables, ﬁ

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

12



Assumption 1 posits that the job-finding probability is procyclical. Crucially, this assumption
creates an externality in the model with endogenous participation. The procyclical nature of
the job-finding probability 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 possibility 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

The stand-in agent consumes a constant fraction (1 — ) of her permanent income, as follows

00 J
Ct = (1 — ﬁ) Rth + tht -+ btUt — Tt + Z (H Rt_+11> <wt+]’Nt+]‘ + bt+jUt+j — T;erj)

j=1 \i=1

(20)
Thus, indeterminacy in consumption requires indeterminacy in permanent income. Follow-
ing Wen (2001), we express (20) as a function of the equilibrium path of employment {N;},-.
Once the equilibrium path of employment is determined, then we can also determine 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 examination of

the indeterminacy of the equilibrium path of employment.

Iterating the Euler equation (11) forward, yields

(H Rt;j) Cip; = B C. (21)

=1

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

13



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

-1

Cy = R K, 25] (1 - th+th+j) . (22)

=0
Substituting (10) into (22), yields

thRth

Wy

Zﬁj (1 = &7 Nesj) = (23)
j=0

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

around the steady state yields

FZW (Nt-i-j + 7/:t+j> =T+ ﬁt — W + f(u (24)

=0

with I' = —(1 — B)éFN (1 — §%N)_1, and where X denote the steady state of variable X,

and X , the log-deviation from steady state. The following two lemmas allow us to express

[e.e]

(24) as a function of the sequence {]\Aftﬂ-} , and subsequently apply the method of Wen
0

Jj=
(2001) for deriving necessary conditions for local indeterminacy.®

Lemma 1 The log-deviation of the labor wedge from the steady state is given by
n=—1f(1-Q)f . (25)

Proof. Follows immediately from the log-linearisation of the labor wedge (10) =

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

8 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 set-up the labor
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 equilibrium of an RBC economy with indivisible labor and
time-varying labor income taxes financed with lump-sum subsidies.

14



which is given by
eTza—it:—ff(l—g)(l—a)a, (26)
ONy
where we made use of the log-linear production function, Y = a[?t +(1-a) f\?t. Thus, the
labor wedge reacts countercyclicaly to output. Subsequently, (25) implies that the left-hand
side of (24) depends on Z;io o ft+j, which, in turn, after taking into account Assumption 1

and Y = oK, + (1 — ) N, is determined by >0 BK,,; and > s Bj]/\?tﬂ-, as follows.
Lemma 2 The infinite sum Z?io 7,4 reduces to
Z By =wKe 1+ XNy + ¢ Z 3 Ny, (27)
=0 =0
where w, X, ¢ are functions of structural parameters and ¢, and ¢ < 0.
Proof. See Appendix D m

Substituting (25) and (27) into (24), and substituting for the equilibrium factor prices, yields
Zvj]/\\ftJrj = ¢o[?t + %f?tq =+ 7#2]/\}#1, (28)
=0

where the right-hand side depends on predetermined variables at date ¢, and v; and ¢ are

elasticity parameters.® This leads us to the following equilibrium characterisation.

Proposition 1 If the equilibrium transition path for N; 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.

9See Appendix E for detail derivations of these parameters.
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First, if N, is AR(1) then the equilibrium is unique. Let
Nei=p- Ny, p€ (0,1).

Substituting it into (28) and iterating forward, we obtain that J/\\ft is pinned down by the

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

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

than one. Consider, first, an AR(2), as follows
Nevz = piNews + p2Ne, p1+pa < 1. (29)
Under repeated iteration, (28) implies
ﬁlf\\fﬂrl + /32]/\\@ = Yo, + 1Kyt + 1o N; 1,

where pq, po are functions of the two stable roots. Given the predetermined variables, Z/\\ft
is indeterminate unless ]/\\7t+1 is known. Since ]/\\ftH cannot be solved by backward iteration

using (29), it is unknown at time ¢. The equilibrium is not unique.

Finally, ]vt cannot follow an autoregressive process of a higher order than two, because the
state space of the model has the dimension of at most two, including one state variable and

one co-state variable m
Next, through a series of steps, we characterise necessary conditions for local indeterminacy.

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

only if

af (}7/[_() —afd
af (Y/K)

—e; < & (30)

16



where Y /K is the output-capital ratio in steady state.
Proof. Log-linearising the left-hand side of (23) yields
r Z el (Nt—l-j + ?t+j> : (31)
§=0

Substituting (25) into (31) and ignoring predetermined variables, yields
=0

with I' = —(1 — B)¢FN (1 — £f]v)_1 < 0, because intratemporal optimality and labor market

clearing imply

- owN l-a 1/f-14+0—ad—a(l/f-1)
SN =" =Fy T JB—1+0—as

<1,

where C'/Y is the steady state consumption-output ratio (see Appendix B). Thus, I' (1 + )
is negative if and only if ¢ > —1. In Appendix (F) we show that ¢ > —1 is true if and only
if (30) holds.

To complete the argument we need to show that
sign {Z ﬁj]\Aftﬂ} = sign {]\A/t} : (32)
j=0

The proof is identical to the proof of Proposition 2 in Wen (2001). The key point is as follows.
The equilibrium employment path {Nt},?io is converging with an autoregressive order of at

most two (see proposition 1). Solving the second order system and then substituting into

> im0 BN, satisfies (32) m

The emergence of belief-driven fluctuations is a result of a positive feedback loop between

17



current actions and beliefs about the behavior of current and future aggregate variables. The
result of Proposition 2 shows how current actions reinforce beliefs about the future, providing
the first building block towards the construction of necessary conditions for local indeterminacy.
Specifically, using the intratemporal condition (10) and rearranging appropriately, the left-
hand side of (23) reduces to

1 = (1
ﬂ - Zﬁj (mthertJrj) ) (33)

which is a function of the present discounted value of labor income in utility terms. In that
respect, condition (30) is necessary and sufficient for the (current) employment elasticity of
the present value of labor income in utility terms to be positive. Hence, beliefs regarding the
future path of aggregate variables and permanent income are reinforced by current actions. To
close the positive feedback loop and, hence, complete the construction of necessary conditions

for local indeterminacy, we need to show how beliefs influence current actions.
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 0 = 0, then the labor wedge is constant. Then, it suffices to show that given the
steady state level of K there is no N, other than steady state N that satisfies (23). We prove
this by contradiction. Suppose there is N; > N such that (23) is satisfied, then

7R (K. N,) K
w(E.N)

Y F(1—ErNyy) = (34)

=0

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

DB (L=&Ny) <Y B (1-¢7N).
j=0 Jj=0

18



Next, the gross interest rate R is increasing in N; and the real wage is decreasing in /NV;. The

right-hand side of (23) satisfies

(TR(K,N,) K &R(K,N)K
= > ——— ,
w(K,Nt) w(K,N)

which implies that

D F(L—ErNyy) <) B (1-&N) =
=0 =0 w(

This is a contradiction =

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

elasticities on both sides of Equation (23) are the same.

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 |

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 implementable

through a judicious design of unemployment insurance.

Proposition 5 (Necessary condition) Suppose o < a =1/ [1 +6(aB (Y/K) (1- 6))_1] :

Then, a necessary condition for local indeterminacy is
—e; € (g,8), (35)

where € = egp—ey, € < 0 1s the employment elasticity of real wages, cg > 0 is the employment

elasticity of gross interest and o < & ensures that € > €.
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Proof. From Proposition 2 we show that the elasticity of the left-hand side of (23) is negative
if, and only if, —e, < &. 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
negative is that —e, > ep — €, = &, which, in turn, reduces to —, > a8 (Y/K) + aB(1—4).
The upshot is that a necessary condition for local indeterminacy is that —e, € (g, &), which

is a well-defined interval as long as a < a m

The restrictions on primitive parameters that ensure av < @, 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.?

The necessary condition (35) consists of two bounds. Satisfying the upper bound £, as
discussed after Proposition 2, ensures that current actions reinforce future beliefs, while
satisfaction of the lower bound € ensures that current actions reinforce initially held beliefs,
which, in turn, can be interpreted in terms of the restriction it places on the equilibrium
employment-wage loci defined by (10) and, in particular on the slopes of the left and
right-hand sides corresponding, in turn, to the employment demand and supply elasticities.
Specifically, both the aggregate labor demand and aggregate labor supply are downward
sloping since, in turn, €, < 0 and &, < 0. The lower bound of the necessary condition for
local indeterminacy requires that aggregate labor supply is steeper than aggregate labor

demand, that is, —e, > —, +er > —€u. !

10Tn our calibration @ ~ 0.61 and common parameterisations of the capital income share fall below this
threshold.

HSimilar to us, the mechanisms in Bennett and Farmer (2000) and Nakajima (2006) rely on downward
sloping labor 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 production. Indeterminacy requires that the labor supply curve is downward sloping and steeper
than the (standard) 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 insurance, 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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Figure 1: Equilibrium employment-wage loci

W SUPPLY LOCUS
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Figure 1 summarises the previous discussion. 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, confirming the initial held beliefs (satisfaction of the
lower bound). Furthermore, satisfaction of the upper bound in (35) ensures that the drop in
current employment reduces permanent income 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 replacement
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.!?

121t is important to note that for common calibrations of the parameters {c, 3,d} found in the literature,
there always exists a stable equilibrium around the steady state for any —e, > 0 (see Appendix C). The
issue is then whether the equilibrium path is unique (saddle path stability) or whether there exist multiple
paths converging to the steady state (local indeterminacy).
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More formally, we establish the following result.

Proposition 6 [t is always possible to design a Ul policy to guarantee a unique equilibrium

path around the steady state. In particular, there exists replacement rates ¢ € [6 , 1}, with
o(l—a)—¢

¢ = a(l—a)+(1/f—1)§’ (36)

for which there is a unique saddle path stable equilibrium.

Proof. Follows immediately by setting —&, = o(1—a)f7(1—() = g, and using the expression
of the labor wedge 7 =1/ [f + (1 — f)(] at steady state, we construct the bound (. Then,
for all ¢ € [f , 1} the (lower bound of the) necessary condition is violated and there is a unique

path converging to the steady state m

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

follows:

_ wy fy + (1 - ft)th’

¢ Cy Cy

(37)

which equates the exogenous cost of participation, £, 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
¢ = 1, then the job-finding probability cancels from the right-hand side of (37) and there
is no feedback loop between current actions and beliefs. The result of Proposition 6 states
that if replacement rates exceed bound (, then the positive feedback loop between current
actions and beliefs is weakened substantially, and inefficient belief-driven fluctuations are

eliminated.!?

13Notice that ¢ < 1, generically. Thus, it is always possible to design unemployment insurance policies that
eliminate self-fulfilling fluctuations. Similarly, notice that we could also have obtained a replacement ratio
sufficiently small such that —e, > & and, thus, obtaining a unique equilibrium. However, this replacement ratio
may be negative and, therefore, this stabilization policy is not generically implementable, since replacement
ratios must be non-negative.
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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 environments
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
insurance replacement ratio, (), 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 unemployment durations in excess of 12 months (Hobijn and Sahin, 2009). Thus, we
consider an unemployment duration of 12 months in the computation of the replacement
rates. Specifically, to calibrate the unemployment replacement ratio, ¢, for each country we
make use of OECD statistics on the unemployment insurance net replacement rates, available
between 2001-2021, for single households with no children and previous earnings at the
67% of the average wage, and unemployment 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.!* The calibrated Ul replacement rates and job-finding probabilities for each

country are shown in Table 1.

4Hobijn and Sahin (2009) estimate average monthly instantaneous job-finding rates, fm, based on a
continuous-time model of unemployment duration. We make use of their estimated hazard rates and obtain
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Table 1: Ul replacement rates and job-finding probabilities across countries

BE CA FR GE NL ES UK US

¢ 79.7% 26.6% 59.5% 69.6% 69.6% 62.9% 54.6% 25.0%
f 98% 58.0% 18.1% 18.9% 13.1% 11.3% 28.7% 81.5%

Next, to calibrate the output-elasticity of the job-finding probability, o, we target the
conditional 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., 2013). The Okun relationship is derived by log-linearising

the system of equations describing the labor market aggregate dynamics, as follows'®

1—u 1 1 1 ~
Uy = -\ . _ — Y, 4+ .. 38
"= {(1—(1 U) A+ f1=N) 1-a ttee (38)
Okun’s coe?ﬁrcient:—O.E)
— OV +---, (39)

where the remainder term (---) includes predetermined variables. The Okun coefficient, O,
is jointly determined by the job-finding probability, f, the job-destruction probability, A,
the unemployment rate u, the capital income share o, and, lastly, the parameter controlling
the output elasticity of the job-finding rate, 0. Thus, the same Okun coefficient can be
associated with different labor market characteristics. We choose to calibrate o to match the
labor market characteristics of the US and, in particular, target an unemployment rate of 5%

following Blanchard and Gali (2010). Making use of the model’s equilibrium formula for the

discrete time job-finding probabilities using the formula

f=1—exp (73fm) .

15Detailed derivations are presented in Appendix G.
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Table 2: Calibrated Parameters (time unit of model: quarterly)

Parameter  Value Target (and source)
Q 0.283  capital’s income share of 28.3% (Gomme and Rupert, 2007);
1) 0.014 annual investment/capital ratio of 7.6% (Cooley and Prescott, 1995);
Jé] 0.992 annual rate of return on capital of 5.16% (Gomme et al., 2011);
A 0.232  US unemployment rate of 5% (Blanchard and Gali, 2010);
o 0.757  Okun’s Law coefficient, O = —0.5 (Ball et al., 2013);

unemployment rate

- AL - f) 501 — A(1—0.815)

ML=F)+f ~ A(1—0.815) +0.815’

(40)

we obtain the US job-destruction probability, A = 0.232.

Given the US quarterly job-finding probability in steady state, f = 0.815, the job-destruction
probability, A = 0.232 and the steady state unemployment rate, u = 0.050, targeting an
Okun’s coefficient of O = —0.5, yields 0 = 0.757. The target for Okun’s coefficient, O = —0.5,
is taken from Ball et al. (2013) and is a robust feature of the data which holds for both annual
and quarterly periodicities, and for various methods of measuring short-run movements
in output and unemployment. Finally, the calibration of the technology and preferences

parameters, «, ¢, and 3 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
indeterminacy 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

insurance replacement rate, (, given the fluidity of their respective labor markets, which
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Figure 2: labor market characteristics and (in)determinacy
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is controlled by the job-finding rate probability, f. This exercise is illustrated in Figure 2.
The figure draws the locus of job-finding probabilities and UI replacement rates, (f,(),
defining a curve above which the sufficient condition for local indeterminacy to be ruled out
is satisfied. Thus, for all the countries located above this curve, there is a unique perfect

foresight equilibrium, ruling out self-fulfilling fluctuations.!®

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 characterised by
generous welfare states and sclerotic labor markets (job are hard to find), while North America
(US and CA) is characterised by less generous welfare states and fluid labor markets. As it
turns out, labor markets with European characteristics rule out selffulfilling fluctuations (all
European countries are comfortably in the region satisfying the sufficient condition for local
uniqueness), whilst labor markets with North American characteristics are consistent with the

emergence of inefficient, belief-driven fluctuations. This characterization of two different labor

16To be clear, the Figure is constructed only making use of the sufficient condition for local uniqueness
obtained in Proposition 6. Thus, a country may be below the curve drawn in the graph (such that the
sufficient condition is not satisfied), but yet satisfy the Blanchard-Kahn conditions for local determinacy.
However, for the two countries which are located below the curve and for which indeterminacy is, thus, not
ruled out, we have verified that the Blanchard-Khan conditions for local uniqueness are, indeed, violated (see
Appendix C for details).
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market environments 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
unemployment 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 illustrates well the different labor market characteristics of European and North
American labor markets and suggests these differences are relevant for business cycle fluc-
tuations. However, it also reveals another important result, which is that, keeping the
replacement rate policy fixed, the economy will exit the indeterminacy region as labor mar-
kets become more sclerotic (f — 0). To understand the intuition behind this result, we revisit

the intratemporal condition once more, given by

wtft 4 (1 - ft)(wt

£= C, C,

and as f — 0, the replacement income gets a higher weight in the expected return of search
in the right-hand side, weakening the impact of beliefs about f; on current actions. However,
a more sclerotic labor market also lowers the steady-state consumption and flow utility
level. The upshot of these two observations is that welfare comparisons across Europe and
North America are difficult to make based on Figure 2 alone. On the one hand, the more
sclerotic labor markets in Europe are associated with lower steady-state consumption and flow
utility. On the other hand, self-fulfilling fluctuations could potentially outweigh this welfare
loss, if sunspot activity is very volatile (that is, self-fulfilling fluctuations supported under
local indeterminacy). Based on traditional calculations about the welfare cost of business
cycles (Lucas, 2003), the latter possibility is unlikely. However, if in practice labor markets
are incomplete and there are frictional labor markets the welfare costs of business cycles

could be much more substantial (Krusell et al., 2009).
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6 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
insurance as an automatic stabilizer, is not just a theoretical possibility but occurs for
empirically 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 unemployment
insurance, similar to Europe which eliminates self-fulfilling fluctuations. However, welfare
comparisons across labor markets with different characteristics and unemployment insurance

policies are contingent on the usual trade-offs between stabilization and average consumption

levels.
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Appendix

A Decentralized Equilibrium

The purpose of this section is to derive the stand-in agent representation (2)—(4), obtained by
combining an exogenous randomisation mechanism with lotteries over labor force participation.
This exogenous randomisation is analogous to the “musical chairs” assumption in Andolfatto
(1996), and allows us to specify the problem of the stand-in agent in recursive form. In
Kokonas and Monteiro (2021) we show that this hybrid model with musical chairs and
lotteries is equivalent in terms of allocations to an economy with Arrow-Debreu markets,
where individuals trade according to the realisation of public signals (sunspots) prior and
after the realisation of idiosyncratic shocks, along the lines of Prescott and Townsend (1984)

and Kehoe et al. (2002).

The economy is populated by a continuum of individuals of unit measure. There is a
distinction between job and worker flows in the model. Individuals are distributed across
three states or “islands”: the employment “island”; the unemployment “island”; and the
leisure “island”. The mass of individuals on each “island” at the start of date ¢ is, respectively,
N;_1, U1 and O,_1, where N,_; denotes the mass of employed individuals at the end of
t — 1, U;_; denotes the mass of unemployed individuals at the end of t — 1, and O;_; denotes
the mass of non-participants at the end of ¢ — 1. At the beginning of date ¢, individuals are
allocated randomly across islands, @ € L € {e, u,0}. Specifically, individuals assigned to the
employment island (2 = e) observe the realisation of the idiosyncratic shock k € {eg, €,4},
where k = e; denotes job-destruction (d) with probability A, and k¥ = e,q denotes no job
destruction (nd) with 1 — \; subsequently they buy lotteries over labor force participation,
and engage (or not) in search activity. Individuals assigned to the unemployment or leisure
island (2 € {u,0}) buy lotteries over labor force participation and then engage (or not) in

search activity.
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Individuals choose state-contingent allocations before knowing in which island they will be
allocated initially, and there exist insurance opportunities for every possible randomization
contingency. Insurance contracts are provided by competitive firms that make zero profits in
equilibrium. We focus on separating equilibria where firms offer different prices to different
types and insurance is actuarially fair. The price of an insurance contract is denoted by ¢ and
the quantity bought is denoted by y. At the end of each period, spot markets open, where
individuals execute contacts, buy consumption and capital, and receive capital and labor
income. To simplify presentation, we abstract from time subscripts and formulate individual
decisions recursively—subscripts “—17 denote previous period values and superscripts “prime”

denote next period values.

The Bellman equation characterising the problem solved by each individual is
V (K, k) = max {J\L1 e, + (1= Ave, ] + U_1va + O,lvo}, (A.1)
c,my, k'

with

Ve, = —Te& + Te [ln (Ce,pe) + BV (K', kénd,e)] + (1 —m) [ln (Cepyo) + BV (K', kénd,o)} ,

Vey = —7T)\€ + fﬂ-)\ [1H (Ced,e) + BV (Kl? kéd,e)} + (1 - f) B [ln (Ced,u) + BV (K/’ k;d7u)]
+ (1 - ﬂ-)\) [hl <Ced70> + ﬁV (Kl? kéd,o)} )

vy = —muf + [ [0 (cue) + BV (K K,)] + (1= f) my [In (cun) + BV (K, K,,)]
+ (1 —m,) [ln (Cuo) + BV (K', k;o)} ,

Vo = —To€ + [, [ln (Coe) + BV (K’, k'oe)] +(1—f)m, [ln (Cow) + BV (K', kéu)}
+(1—m,) [ln (Coo) + BV (K', k’og)] )
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Subscripts denote (personal) labor market states (however, notation with respect to the
participation probabilities and the opportunity cost of employment is consistent with the
main text). The first subscript denotes the assignment of the randomisation induced by
musical chairs, that is, (e;) denotes pre-existing jobs that destroyed with probability A, (e,q)
denotes pre-existing jobs that survived with probability 1 — A, (u) denotes unemployment
and (o) denotes out of labor force (non-participation). The second subscript denotes the
labor market state of an individual at the end of the period, following the outcome of the
lottery over participation and the search process. To simplify exposition, we denote labor
market transitions with the pair (7, 7), with 7 € {eq, enq, u, 0} and j € {e, u, 0}; 7 denotes the
assignment induced by the musical chairs’ randomisation and the realisation of idiosyncratic
shocks and 7 the assignment induced by the lottery over participation and the outcome of

the resulting search process.

The flow budget constraint for each pair (7, 7) is
Ciy ki, + Z Z ¢Gi,Yi, = Rk +whl, + Cwhl, + y;, — T, (A.2)
(2

where 1, is an indicator function which equals one if j = e and zero otherwise, 1, is another
indicator function which equals one if 7 = u and zero otherwise, ¢ € [0, 1] is the replacement

rate and 7" are lump-sum taxes.

Actuarially fair insurance and strict concavity of the instantaneous utility function imply
iy = C, (A.3)
for all pairs (7, 7). Optimality with respect to k' requires

i) =BV (K K ); (A.4)
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Vi (-) denotes the derivative of the value function with respect to k’. Combining (A.3) and
(A.4), yields

for all pairs (7, 7); moreover, (A.5) implies that K = k.
The individual’s consolidated decision reduces to
V (k) = maxe { In(c) = &(N-1(1 = XN)me = Nogdmy + U_ymy + O_y7m,) + BV (K) }>

s.t.

c+k =Rk+w [N_l(l — NTe + (N Amy + Umy + O-1m,) (f + ¢(1 — f))} - T,
(A.6)

which corresponds to the stand-in agent representation (2)—(4) in the main text.

B Steady State

Let X denote the steady state of X. The steady state values of the first block are given by

(K/Y) = {—1/5_ a _5)] , (B.1)
(0/r) = =020 s (B.2)
- l-a Y/K
N=—vx—s (B:3)
K =N (K/v)/0, (B.4)

and the steady state values of the second block are given by

(N/H) = f/, (B.5)
(I/H) = (A+ f(1=N)/A, (B.6)
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(N/T) = f/(A+ (1= N)f), (B.7)
ML= f)

C Eigenvalue approach

The log-linearized equilibrium conditions (around the deterministic steady state) of the first

block are given by

W, =C,+7, (C.1)
7=—7f(1-() oY, (C.2)

Covr = Co= a1 = a)(V/K) (Nis = Risn) (C:3)

R, = aB(l - a)(Y/K) (Nt - f(t) , (C.4)

@ = a (f{t - Nt) , (C.5)

(C/K) Cy+ Kipr = (Y/K) s + (1 — 0) Ky, (C.6)
Y, = aK, + (1 - a)N,. (C.7)

The model in log-linear form can be written as

k Iy, ¢ k k
t+1 _ 11 12 t _ F t (CS)
Crs1 'y Tao Ct Ct

with
lf:§§Zf%+1—a (C.9)
- (i + L2 e
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Table 3: Determinacy/Indeterminacy

necessary condition —€; eigenvalue approach
violated € [0,0.298694] Blanchard-Kahn conditions satisfied
satisfied € (0.298694, 0.302159] Blanchard-Kahn conditions satisfied
satisfied € (0.302159,0.717)  indeterminacy (two stable eigenvalues)
satisfied € (0.717,0.820436) Blanchard-Kahn conditions satisfied
violated € [0.820436, +0) Blanchard-Kahn conditions satisfied

Note: At —e, = 0.717 one eigenvalue is on the unit circle.

af (Y/K) (—e;) T
S e T B (V/E) (1—a) ey
Q= (_‘g’r) + O[B (Y/K) (_57) ['1o
e T ) v aB (V/K) (1 - ) (C.12)
The eigenvalues of the matrix I' are
A1 _ 1 [+ T2 — \/(Pn + P22)2 — 4 (T11l — Tiala1) (C.13)

A2 2 Iy +T9e + \/(Fn + F22)2 — 4 (1 T9g — T'yol'9)

Local uniqueness (saddle path stability) requires one stable and one unstable eigenvalue
(Blanchard-Kahn conditions); while local indeterminacy requires two stable eigenvalues and
no solution requires two unstable eigenvalues.!” (C.9)-(C.12) are indexed by &1,. In turn,
setting v = 0.283, = 0.992, and § = 0.014 (see Section 5), makes the necessary condition

for local indeterminacy equal to

—c € (0.298694,0.820436). (C.14)

17 An eigenvalue of a matrix is stable if it has modulus less than one. It is unstable if it has modulus greater
than one.
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Table 3 summarises the result. Specifically, violation of the Blanchard-Kahn conditions occur
only when the necessary condition for local indeterminacy is satisfied, while allowing the
elasticity parameter to take a wide range of values shows that violations of the necessary
condition for local indeterminacy is associated with saddle path stability, and as —e, — +o0,

then (C.9)-(C.12) converge to

I'yp=1-9,

(C.15)

= —(C/K), (C.16)
Ty = —aB (Y/K) (1 -9), (C.17)
(C.18)

and using the previous parametrisation yields

A= 0.955755 < 1 and Ay = 1.03164 > 1, (C.19)

which is consistent with saddle path stability.

D Lemma 2

Combining Assumption 1 in the main text and (C.7) yields

Y Bfui=0ad FK+o(l—a)d> AN, (D.1)
j=0 j=0 =0

To complete the proof we need to express Z;io B3 }A(Hj as a function of predetermined

variables and Y% 37 Niyj.
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Combining (C.1), (C.2), (C.3), (C.5), (C.7), yields

I:?thl — All?t + AQ]/\\Q + A3Nt+1, (D2)
with
A — @ (1 B 16—_Ta) (D 3)
Y a(l- =) Faf(l - a)(Y/K) '
Ay = — o+ €r __ D4
o (1= =) +aB(l - )TV /F) D4
_ atetaf(l—a)(Y/K)

b= =) 0Bl — (VR 09

and where
&r=—07f(1-¢)(1-a), (D.6)

is the employment elasticity of the labor wedge.

Using (D.2) to solve for IA(H]- for all j backwards yields

Ky = AN K1 + AN, + AsN,,
[?tJrl = A%[?tq + A1A2]/\7t71 + (A1As + Ap) ]/\\ft + A3ﬁt+17
Koo = A3K, 1+ A3AoN,y + (A2A5 4+ AtAs) N; + (A2A + M) Nopy + AsNo,
fA{t+3 = A%kt—l + A:I)AQNt—l + (Ai’/\:s + A%Ag) Nt + (A§A3 + A1A2) Nt+1 + (A1As + Ay) Nt+2 + A3]/\7t+3,
Kipa = MKy 1+ MAN, y + (Mg + A3AS) Ny + (A3As + A2A0) Niyy + (A2A5 + Ay Ag) Nijot

(A1A5 + Ao) Nt+3 + A3ﬁt+47

j—1
K= MK+ MAN G+ (MAs+ Ao) Y AT N + AsNpy. (D.7)

=0
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Since A; € (0, 1), then substituting (D.7) into > 7%, le?tﬂ- yields

= e ME AN
o .

jZOB ke Wik ey s (D.8)
No [As (14 BAy + BPAT + ) + BAs (1 + BA; + B2AT +..)] + (D.9)
BN [As (14 BAL 4+ BPAT + ...) + BN (14 BA + B°AT + ..) ] + ... (D.10)
- ME | ANy | Ag+ Bl & j
_1_ﬁA1+1—ﬁA1 T Zﬁz\ftﬂ, (D.11)

with

BAy + As (1-B)(a+e)+af(l—a) (Y/K)

1—-B8A a(l—-=)1-8)+aB(l-a)Y/K)

Substituting into (D.1) and rearranging, yields

o] AN Alf?tfl Agﬁt,1 o BAQ_'_AS
M = 11— 1 J
gﬁftﬂ Ja(l—ﬁA1+1_5A1>+a( a)( +1—a1—ﬁA1 z_;ﬁNtﬂ’

(D.12)

and finally, substituting into the expression for the labor wedge derived in Lemma 1 in the

text, yields

- i o] All?tfl AQJ/\\QA 1 a BAr+ A3\ — iN
> By 571—@<1—5A1+1—5A1 te (It oo To g, ) 2 P Ve

j=0 J=0
(D.13)
with
a A a a(l—e./(1—-a))
YT Sa1-8A T Tl-aa(l-e/(1-a)(I-B)+aB(l-a) (YV/K)
o Ay o a+ e
X _

TTT—al-8A . T1-aa(l-e/(1-a)(1-p8) +abl-a)(V/K)
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gost(l—i—

a A+ Az a(l-0)/(1—a)+ab (Y/K)
1—a 1—BA1)_€TXQ(

== /(L—a))(1-B) +aB(l—a) (V/K)

E Derivation of elasticity parameters in (28)

Log-linearising (23) around the steady state yields

ry g (JVH]- +a+j> — T4+ N,(1—-(1-a)B(1=06)+K,(1—a)B(1-20) (E.1)

Jj=0

with

(1—PB)ETN

['=-— =—;
1—&TN

Substituting for 7; and Z;io (74 from Lemmas 1 and 2, and using 1//\; = a[A(t +(1- a)]/\\ft,

yields

with

ZUth"rj = oK, + ViK1 + ¥aNiy, (E.2)
7=0
vo=T(1+¢) = (e, +1 - (1 = a)(1-19)) (E.3)
vy =I(1+¢) (E.4)
Yo =B(1—a)(1-8)+ ¢, (E.5)
1= —Tw (E.6)
P = —Tx. (E.7)
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F Proposition 2

We derive conditions under which ¢ > —1, with

@ =¢e; X

Specifically,

and using the expression for Y /K (see Appendix B), the condition reduces to

G Okun’s Law

a(l—0)/(1—a)+ap (}7/[_()

a(l-e/(1-a)(1-B)+aB(l-a)(Y/K)

af (?/K) — 0455.

aff (Y/K)

The labor market equations for log-linearisation are

Log-linear version:

Ny = (1 = \)Nyy + Hi fy,

Ht = (1 - /\)Nt_l + Ht,

1 a
— U = —.
t Ht
Nt — (1 - )\)j\\ft—l +
~ N ~
M= 51— )Ny +

39

(F.1)

(F.2)

(F.3)



Combining (F.4),(F.5) yields

NP 1\ N
Ht:Nt,1 <1—?> ﬁ<1_)\)

fi.

E‘I =

1 H
f 11

Combining Assumption 1 with expressions (B.6)-(B.7) and (C.7), yields

Substituting (F.8) into (F.6) and using (C.7) once more, yields

~ 1—u 1 1 1 ~
ut:\ u <(1—oz_)\a).)\+f(1—)\)_1—04)1'%4_('”)7

vV
Okun’s coefficient

with (- ) including the predetermined variables I?t and ]/\\ft,l.
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