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Summary

This thesis comprises three self-contained chapters on economic policies over the business cycle.

Social insurance and optimal stabilization policies have been studied for several years. However,

during the so-called Great Moderation (see e.g. Bernanke (2004)), the focus in (most of) the

economics literature shifted away from stabilization policies. In this period, output volatility

declined dramatically, and therefore these policies were viewed to be of minor importance. In

recent years, the literature has re-blossomed, in the wake of the financial and economic crisis,

now referred to as the Great Recession. In this discussion, business cycle dependent labor

market policies have been suggested as a means to improve the trade-off between incentives

and insurance, and at the same time strengthening the automatic stabilizers. The three papers

in this thesis, and in particular the last two, can be read in this context, although the methods

used and the results derived are by no means specific to the Great Recession.

In the first chapter, ’Hand-to-Mouth Consumers and Fiscal Stabilization Policy in an Open

Economy,’ I investigate how the presence of so-called hand-to-mouth consumers, i.e., people

who neither save nor borrow, affects the need and role for fiscal stabilization policies in a small

open economy. Since the intertemporal mobility is smaller in economies with many hand-to-

mouth consumers, it is often argued that the need for fiscal stabilization policies is larger, and

that fiscal policy is more effective, cf. IMF (2009). My results reveal that the presence of hand-

to-mouth consumers may have more complex interactions with fiscal stabilization policies. The

optimal stabilization policy in case of productivity shocks is independent of the fraction of

hand-to-mouth consumers, and the presence of these agents actually tends to reduce the need

for an active policy stabilizing productivity shocks.

In the second chapter, ’Business Cycle Dependent Unemployment Benefits with Wealth Het-

erogeneity and Precautionary Savings,’ I study business cycle dependent unemployment benefits

in a model with labor market matching, wealth heterogeneity, precautionary savings, and ag-

gregate fluctuations in productivity. In recent years the literature on business cycle dependent

labor market policies has been fast-growing, but almost all existing studies ignore savings, and

thus an important determinant of the welfare gains from economic policies. Therefore, I use the

model of Krusell, Mukoyama, & Şahin (2010). The results are ambiguous: both procyclical and

countercyclical unemployment benefits can increase welfare relative to business cycle invariant
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benefits. Procyclical benefits are beneficial due to countercyclicality of the distortionary effect

(on job creation) from providing unemployment insurance, whereas countercyclical benefits fa-

cilitate consumption smoothing. The calibration strategy and the responsiveness of wages to

temporary changes in the level of unemployment benefits turn out to be crucial for the results,

both qualitatively and quantitatively.

In the third chapter, ’Benefit Reentitlement Conditions in Unemployment Insurance Schemes,’

co-authored with Torben M. Andersen and Michael Svarer, we study the interaction between

the duration of unemployment benefits and the employment requirements to qualify for un-

employment benefits when designing the optimal unemployment insurance scheme. We show

that the reentitlement requirement can work as a substitute to the duration of unemployment

benefits. The economic structure and preferences, captured by productivity and risk aversion,

respectively, are found to have important consequences for the optimal design of the unemploy-

ment insurance scheme, and this may in part explain the variation in unemployment insurance

schemes across OECD countries, as documented by Venn (2012). Finally, we consider a busi-

ness cycle version of our model in which the optimal unemployment insurance scheme turns

out to exhibit countercyclical generosity.
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Dansk resumé (Danish summary)

Denne afhandling best̊ar af tre selvstændige kapitler, der alle omhandler konjunkturafhængig

økonomisk politik. Den optimale tilrettelæggelse af den makroøkonomiske stabiliseringspolitik

er blevet analyseret gennem mange år. Men under den s̊akaldte Store Moderation (se fx Ber-

nanke (2004)) skiftede fokus i den økonomiske litteratur væk fra optimal stabiliseringspolitik.

I denne periode faldt volatiliteten i produktionen dramatisk, og derfor vurderedes det, at disse

politikker var af mindre betydning. I kølvandet p̊a den økonomiske og finansielle krise, der nu

kaldes Den Store Recession, er litteraturen p̊a dette omr̊ade genopblomstret. I denne diskussion

er konjunkturafhængig arbejdsmarkedspolitik blevet fremhævet som et redskab til at forbedre

trade-off’et mellem forsikring og incitamenter og samtidig styrke de automatiske stabilisato-

rer. De tre kapitler i denne afhandling, især de sidste to, kan læses i denne kontekst, om end

de benyttede metoder samt de fundne resultater p̊a ingen måde begrænser sig til Den Store

Recession.

I det første kapitel, ’Likviditetsbegrænsninger og finanspolitisk stabilisering i en åben øko-

nomi,’ undersøges betydningen af likviditetsbegrænsede forbrugere for nødvendigheden samt ef-

fektiviteten af finanspolitisk stabilisering. Med likviditetsbegrænsede forbruger skal her forst̊as

individer, der hverken har mulighed for at l̊ane eller opspare. Derfor er den intertemporale

mobilitet mindre i økonomier med mange likviditetsbegrænsede forbrugere, hvilket har f̊aet

økonomer til at argumentere for, at behovet for finanspolitisk stabilisering er større, samt at fi-

nanspolitik er mere effektiv, jf. IMF (2009). Mine resultater indikerer dog, at samspillet mellem

likviditetsbegrænsninger og finanspolitisk stabilisering er mere kompleks end som s̊a. S̊aledes

er den optimale stabiliseringspolitik i tilfældet med produktivitetschok uafhængig af andelen

af likviditetsbegrænsede forbrugere. Derudover mindsker tilstedeværelsen af disse forbrugere

behovet for en aktiv stabiliseringspolitik, n̊ar konjunkturudsvingene er drevet af stød til pro-

duktiviteten.

I det andet kapitel, ’Konjunkturafhængige arbejdsløshedsdagpenge med formueheterogeni-

tet samt opsparing,’ undersøges effekterne af konjunkturafhængige arbejdsløshedsdagpenge i

en model med matching p̊a arbejdsmarkedet, formueheterogenitet, opsparing samt aggregerede

produktivitetsfluktuationer. I de senere år er litteraturen om konjunkturafhængig arbejdsmar-

kedspolitik vokset hastigt, men langt de fleste studier ignorerer muligheden for delvis selvforsik-
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ring mod uforudsete hændelser via opsparing. Derfor benyttes modellen fra Krusell, Mukoyama

& Şahin (2010). Resultaterne er tvetydige, da b̊ade et medcyklisk og et modcyklisk dagpenge-

niveau kan øge velfærden relativt til tilfældet med et acyklisk dagpengeniveau. Et medcyklisk

dagpengeniveau kan være gavnligt, da forvridningerne af dagpengesystemet (p̊a jobskabelsen)

viser sig at være modcykliske, hvorimod et modcyklisk dagpengeniveau faciliterer forbrugs-

udjævning. Den valgte kalibreringsstrategi samt lønningernes følsomhed over for midlertidige

ændringer i dagpengeniveauet viser sig at være altafgørende for resultaterne, s̊avel kvalitativt

som kvantitativt.

I det tredje kapitel, ’Genoptjeningskrav i dagpengesystemet,’ der er skrevet i samarbejde

med Torben M. Andersen og Michael Svarer, undersøges samspillet mellem længden af dag-

pengeperioden og kravet for genoptjening af retten til dagpenge i opbygningen af det optimale

dagpengesystem. Vi viser, at genoptjeningskravet kan virke som en substitut til dagpengepe-

riodelængden. De økonomiske strukturer, modelleret ved produktivitetsniveauet, samt præfe-

rencer, modelleret ved risikoaversionen, viser sig at have stor betydning for opbygningen af det

optimale dagpengesystem. Dette kan delvist forklare den store variation i udformningen af dag-

pengesystemet blandt OECD-landene, som dokumenteret af Venn (2012). Desuden betragter

vi en konjunkturudgave af vor model, og her viser det sig, at det optimale dagpengesystem

udviser modcyklisk generøsitet.
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Abstract

It is often claimed that the presence of hand-to-mouth consumers enhances the need

for and the effects of fiscal stabilization policies. This paper studies this in a model of a

small open economy with hand-to-mouth consumers, i.e., some households are liquidity

constrained in the sense that they can neither save nor borrow. It is shown that the

consequences of liquidity constraints are more complex than previously thought: The

optimal stabilization policy in case of productivity shocks is independent of the fraction

of hand-to-mouth consumers. Furthermore, the presence of these agents actually reduces

the need for an active policy stabilizing productivity shocks.

JEL Classification: E32, E63, F41
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mark; Phone: +45 8716 5275; E-mail: mkristoffersen@econ.au.dk.

3



1.1 Introduction

It is often claimed that the presence of hand-to-mouth consumers enhances both the need for

and the effects of fiscal stabilization policies.1 According to IMF (2009) fiscal policy is more

effective when economic agents face tighter liquidity constraints, a conclusion partly based on

the findings in Tagkalakis (2008). The basic intuition is that intertemporal mobility is lower,

when liquidity constraints are tight, and therefore the response to both shocks and policy

stimulus is larger. There is a large literature on liquidity constraints originating from Jappelli

& Pagano (1989) and Campbell & Mankiw (1991), see e.g. Mankiw (2000) and Gaĺı, López-

Salido, & Vallés (2007), but despite this very few studies (empirical as well as theoretical)

support these presumptions.

The existing literature on the interaction between the presence of hand-to-mouth consumers

and fiscal policy is scarce. One exception is Gaĺı et al. (2007) who find that the presence of hand-

to-mouth consumers causes government spending to crowd in private consumption. However,

other studies find little evidence in support of this crowding-in effect, see e.g. Horvath (2009).

Furthermore, most of the existing literature only considers closed economies and thus ab-

stracts from potentially important open economy effects. One exception is Heathcote (2005)

who considers both a closed economy and a small open economy setting in his study of the short-

run effects of changing the timing of income taxes when consumers face a borrowing constraint.

He finds that temporary tax cuts boost aggregate consumption, and this increase in aggregate

consumption is larger in the small open economy setting (exogenous factor prices) than in the

closed economy (endogenous factor prices). Another exception is Beetsma & Giuliodori (2011)

who find that the stimulating effect of government purchases is weaker for the more open EU

countries.

The financial and economic crisis has emphasized that access to credit is an important

determinant of economic fluctuations and aggregate demand. Also, Sarantis & Stewart (2003)

find that the average proportion of current income consumers is 70.6% across the 20 OECD

countries considered, and it varies from 33.1% (in the UK) to 99.3% (in the Netherlands).

In a more recent study, Kreiner, Lassen, & Leth-Petersen (2012) use a Danish unanticipated

stimulus reform (where households had the possibility to get the so-called Special Pension, SP,

paid out) to test whether households respond more strongly to a fiscal stimulus if they face

credit market imperfections. They find a strong positive relationship between the response in

household consumption and the tightness of credit constraints.

Nowadays, hand-to-mouth consumers are included in most models used for evaluation of

fiscal policies. As an example consider FiMod, the DSGE model of Banco de España and

1 There are several possible microfoundations for hand-to-mouth consumption, e.g. myopia or borrowing
constraints. In the literature, hand-to-mouth consumers are sometimes referred to as rule-of-thumb, non-
Ricardian or liquidity constrained consumers in the sense that they can neither save nor borrow. This paper
uses these terms interchangeably, even though we do not take a stand on the microfoundation.
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Deutsche Bundesbank used for fiscal policy simulations, cf. Stähler & Thomas (2012).

In light of this, it is surprising that the economic literature is largely silent regarding the in-

teractions between liquidity constraints and stabilization policies. The novelty of the current pa-

per is to consider the relationship between hand-to-mouth consumption and fiscal stabilization

in a relatively simple model of a small open economy (with both tradeable and non-tradeable

goods). The aim of this paper is to provide new insights on the effects of introducing hand-to-

mouth consumers in intertemporal models of small open economies, and (perhaps surprising)

results are derived for the need and role of an active fiscal stabilization policy.

In case of productivity shocks the optimal fiscal stabilization policy is derived, and this

policy turns out to be independent of the fraction of hand-to-mouth consumers. Furthermore,

the results indicate that the need for stabilization of productivity shocks is actually decreasing

in the fraction being liquidity constrained. The intuition is that demand (of non-tradeables)

has to increase following a positive productivity shock in order to counteract the increase in

supply (of tradeables). This increase in demand is larger when more households consume in

a hand-to-mouth fashion, since these households do not smooth out the windfall gain. Hence,

the consequences of liquidity constraints are not as straightforward as usually argued.

The rest of the paper is organized as follows: The model is set up in Section 1.2, while Section

1.3 considers the steady state, and Section 1.4 analyzes a supply shock. Finally, Section 1.5

offers some concluding remarks.

1.2 Model

This paper considers a two-sector model for a small open economy, where one sector produces a

tradeable good and the other sector produces a non-tradeable good.2 The model set-up largely

follows Andersen & Holden (2002), except for the liquidity constraints. The price of tradeables

(in domestic currency) is given exogenously from the world market, whereas the price of non-

tradeables is determined endogenously. The population is normalized to unity. A fraction λ

of the households is hand-to-mouth consumers (liquidity constrained) since they simply spend

their current income, whereas a fraction 1−λ has full access to saving and borrowing. Agents are

risk averse, and the households own the firms. Furthermore, capital markets are incomplete,

i.e., there exists an internationally traded bond but equities are not traded internationally.

The public sector collects taxes and there is a public demand for non-tradeable goods. Finally,

business cycle fluctuations are generated by supply shocks.

2Distinguishing between tradeables and non-tradeables is a very simple way to model a small open economy
since the impacts of foreign shocks are collected into the price of tradeables. Tinbergen (1965) was the first
to use this method (in a Keynesian model). He referred to these goods as international and national goods,
respectively.

5



1.2.1 Households

It is assumed that the households inelastically supply a given amount of labor
(
L
)
. Each

household has an infinite horizon, and their objective is to maximize expected lifetime utility

given by

Ut = Et

[
∞∑
j=0

(1 + ρ)−j u (bt+j)

]
(1.1)

where Et denotes the expectation operator given information at time t, the subjective rate of

time preference is ρ > 0, and u (·) is the instantaneous utility function given by

u (bt+j) = bt+j −
k

2
(bt+j)

2 , k > 0 (1.2)

where bt+j is a composite index of consumption of non-tradeables
(
cNTt+j

)
and tradeables

(
cTt+j

)
defined as

bt+j =
1

Ω

(
cNTt+j

)α (
cTt+j

)1−α
, 0 < α < 1 (1.3)

with Ω ≡ αα (1− α)1−α. Hence, there is risk aversion with respect to the composition of the

consumption bundle.

Since preferences are homothetic, the optimal consumption decision can be split into two,

i.e., first the household maximizes the value of the composite consumption bundle for a given

level of nominal expenditures Mt+j in period t + j, and secondly the household chooses how

much to spend each period. Denoting the price of non-tradeables (tradeables) by PNT
t+j

(
P T
t+j

)
nominal expenditures in period t+ j are defined as

Mt+j ≡ PNT
t+j c

NT
t+j + P T

t+jc
T
t+j. (1.4)

Now, consider the maximization of the value of the consumption bundle for Mt+j given. Since

the composite index is of the Cobb-Douglas type, optimal consumption implies

cNTt+j = α
Mt+j

PNT
t+j

(1.5)

cTt+j = (1− α)
Mt+j

P T
t+j

(1.6)

and therefore the optimal value of the consumption bundle can be written

bt+j =
Mt+j

Qt+j

(1.7)

where the consumer price index Qt+j is defined as

Qt+j ≡
(
PNT
t+j

)α (
P T
t+j

)1−α
. (1.8)

Next, we consider the choice of nominal expenditures Mt+j.
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1.2.1.1 Liquidity constrained households

An exogenous fraction of the households (λ) is assumed to be liquidity constrained (denoted

c) in the sense that they simply spend their current income.

As these households do not have access to saving and borrowing, they maximize (1.1) by

letting3

Mc
t+j = It+j (1.9)

where It+j denotes the after-tax nominal income in period t + j, i.e., the level of nominal

expenditures is given by the nominal income. To focus on the pure effects from introducing

hand-to-mouth consumers, nominal income is assumed to be independent of the liquidity status

and is determined as

It+j ≡ PNT
t+j y

NT
t+j + P T

t+jy
T
t+j − Tt+j (1.10)

where yNTt+j
(
yTt+j

)
denotes output from the non-tradeables (tradeables) sector, and Tt+j is a

lump-sum tax paid by all households.

Thus, the constrained households’ consumption of non-tradeables and tradeables, respec-

tively, is

cNT,ct+j = α
It+j
PNT
t+j

(1.11)

cT,ct+j = (1− α)
It+j
P T
t+j

. (1.12)

Finally, using (1.9) in (1.7), the value of the optimal consumption bundle can be written

bct+j = it+j (1.13)

where it+j ≡ It+j/Qt+j.

1.2.1.2 Non-liquidity constrained households

The remaining households (fraction 1− λ) have access to saving and borrowing (denoted nc),

and therefore they maximize (1.1) subject to the intertemporal budget constraint

∞∑
j=0

j∏
k=0

(1 + rt+k)
−1Mnc

t+j ≤
∞∑
j=0

j∏
k=0

(1 + rt+k)
−1 It+j + Ft (1.14)

where Ft is nominal wealth at the beginning of period t, rt+k is the nominal interest rate, and

nominal income It+j is defined in (1.10). It is assumed that equities are not traded interna-

tionally, and therefore the risk associated with variations in domestic production (and thus

income) cannot be fully diversified via the international capital market. Thus, households are

3In the rest of the paper it is assumed that marginal utility is always positive, i.e., kbt+j < 1 ∀j.
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subjected to uninsurable risk due to incomplete capital markets, which leaves a role for an

active stabilization policy, cf. Andersen (2001).

However, we still allow for some risk diversification since the non-liquidity constrained house-

holds have access to an internationally traded bond, which is assumed to offer a rate of return

specified in terms of the consumption bundle, that is4

(1 + rt+1)Qt

Qt+1

= 1 + δt. (1.15)

To prevent the country from accumulating or decumulating foreign debt forever, it is assumed

that δt = ρ ∀t, i.e., the objective and the subjective discount rates are equal, which implies

that the real rate of return on the bond is riskless, and henceforth denoted 1 + δ.

These assumptions enable us to write the intertemporal budget constraint (1.14) as

∞∑
j=0

(1 + δ)−j bnct+j ≤
∞∑
j=0

(1 + δ)−j it+j + ft (1.16)

where it+j ≡ It+j/Qt+j and ft ≡ Ft/Qt are measured in real terms. To simplify notation it is

useful to define

At ≡
∞∑
j=0

(1 + δ)−j Et [it+j] + ft (1.17)

which is the expected present value of the household’s wealth – measured in real terms. Maxi-

mization of (1.1) subject to (1.16) yields

bnct =
δ

1 + δ
At (1.18)

and the associated no-Ponzi game condition is

lim
T→∞

(1 + δ)−T ft+T = 0. (1.19)

Furthermore, we have that

Et
[
bnct+j

]
= bnct , j ≥ 0 (1.20)

Et [At+j] = At, j ≥ 0 (1.21)

and hence, consumption and wealth follow random walks.

Finally, for the non-constrained households the consumption of non-tradeables and trade-

ables is

cNT,nct = α
δ

1 + δ
At

Qt

PNT
t

(1.22)

cT,nct = (1− α)
δ

1 + δ
At
Qt

P T
t

. (1.23)

4Andersen & Holden (2002) discuss this assumption in more detail.
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1.2.1.3 Aggregation

Aggregate demand for the two goods is then

cNT,Agg
t = λcNT,ct + (1− λ) cNT,nct (1.24)

cT,Agg
t = λcT,ct + (1− λ) cT,nct (1.25)

with λ ∈ [0, 1].

1.2.2 Firms

Firms are either producing tradeables or non-tradeables, and all firms are price and wage takers.

The production function of a firm of type h = NT, T is

yht =
ηt
β

(
Lht
)β
, 0 < β < 1 (1.26)

where Lht is labor input, and ηt is a productivity parameter. Firms maximize profits, which

yields the following demand for labor

Lht =

(
ηt
P h
t

Wt

) 1
1−β

(1.27)

where Wt is the nominal wage rate, and therefore the output supply function is

yht =
1

β
η

1
1−β
t

(
P h
t

Wt

) β
1−β

(1.28)

with h = NT, T .

1.2.3 Wages

It is assumed that the labor market is competitive, and therefore the (nominal) wage is deter-

mined from the market clearing condition

L = NNT

(
ηt
PNT

Wt

) 1
1−β

+NT

(
ηt
P T

Wt

) 1
1−β

(1.29)

where NNT
(
NT
)

is the number of firms producing non-tradeables (tradeables). Therefore, the

equilibrium wage can be written

Wt = W

(
PNT
t
+

, P T
t

+

, ηt
+

)
(1.30)

and using this in the output supply functions yields

yNTt = yNT
(
PNT
t
+

, P T
t
−
, ηt

+

)
(1.31)
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yTt = yT
(
PNT
t
−
, P T

t
+

, ηt
+

)
(1.32)

where the signs of the partial derivatives follow from (1.28) and (1.29). Hence, an increase in the

price of tradeables (non-tradeables) decreases the output supply of non-tradeables (tradeables)

since the wage increases. However, an increase in the own price increases the output supply,

since the wage increases less than proportional to the increase in the price, and thus the sector-

specific real wage decreases.

1.2.4 Public sector

The objective of the public sector is to minimize the variance of the consumption bundles.

In order to do so, the public sector demands non-tradeables
(
gNTt

)
, and this is financed via

lump-sum taxes. It is assumed that the public sector runs a balanced budget, i.e.,

PNT
t gNTt = Tt. (1.33)

Public demand is assumed not to affect directly the utility of households to focus on the pure

demand effects.5 Furthermore, it is assumed, for simplicity, that the public sector does not

demand tradeables, as this would only affect the domestic economy through increasing the tax

burden and worsening the trade balance.

1.2.5 Equilibrium

The market for non-tradeables is in equilibrium when

yNTt = cNT,Agg
t + gNTt . (1.34)

The trade balance (xt) is determined by the excess supply of tradeables

xt = yTt − c
T,Agg
t . (1.35)

This closes the model.6

1.2.6 Consumption risk

In Appendix 1.A it is shown that the expected present value of the household’s wealth can be

rewritten as

At =
1− λα
1− α

ft +
1

1− α

∞∑
j=0

(1 + δ)−j Et

(
P T
t+j

Qt+j

yTt+j

)
(1.36)

5It would suffice to assume that public demand is separable from private consumption in the household
utility function.

6Note that it is implicitly assumed that neither firms nor workers are internationally mobile or that they
have no incentives to migrate due to fiscal policy or shocks.
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and combined with (1.18) this shows that the risk in the private consumption bundle of the non-

constrained households arises from variability in the real income generated in the tradeables

sector,
PTt+j
Qt+j

yTt+j. The same is true for the constrained households. This is seen by combining

(1.13) with (see Appendix 1.A for a derivation)

it = π0ft + π1
P T
t

Qt

yTt + π2

∞∑
j=0

(1 + δ)−j Et

(
P T
t+j

Qt+j

yTt+j

)
(1.37)

where π0 ≡ (1−λ)α
1−α

δ
1+δ

, π1 ≡ 1
1−λα , and π2 ≡ 1

1−α
(1−λ)α
1−λα

δ
1+δ

. Hence, as in Andersen & Holden

(2002) consumption risk stems from real income generated in the tradeables sector, and clearly

there is a potential role for an active stabilization policy aimed at stabilizing real income from

the tradeables sector.

1.3 Steady state

Assuming that the non-constrained households have no initial wealth, Ft = ft = 0, the steady

state behavior of the non-constrained households is the same as that of the constrained house-

holds, which leads to the following proposition.

Proposition 1.1. The (initial) steady state is independent of the fraction of liquidity con-

strained households, λ.

Proof. In steady state we have from (1.17) (dropping the time subscripts)A = f+
∑∞

j=0 (1 + δ)−j i

= 1+δ
δ
i, assuming f = 0. Hence, cNT,c = cNT,nc using (1.11) and (1.22), and thus ∂cNT,Agg

∂λ
=

∂yNT

∂λ
= 0 from (1.24) and (1.34), respectively.

Proposition 1.1 is intuitive, since the non-constrained households with a constant real income

flow i simply choose to spend their current income, as the objective and subjective discount

rates are equal and the time horizon is infinite.

Andersen & Holden (1998) show that their model has a well-defined steady state. Propo-

sition 1.1 implies that the model in this paper is identical to their model in steady state, and

therefore the same is true for this model. Also, see Andersen & Holden (1998) for comparative

static results of the steady state.

1.4 Productivity shocks

This section considers a supply shock, in particular a shock to productivity. Thus, it is assumed

that productivity behaves according to

ηt = η + εt
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where εt is the deviation of productivity from its long-run value, η, and we assume that these

deviations are serially uncorrelated and unexpected, i.e., Et [εt+j] = 0 ∀j > 0 and Et [εt+jεt+k] =

0 ∀j 6= k.

To obtain analytical solutions we rely on linearizations around the initial steady state. To

ease notation let rxht ≡
Pht x

h
t

Qt
denote the deflated measure of a variable xht with h = NT, T , and

let r̃xht denote the deviation of rxht from its steady state value.

It is assumed that public demand for non-tradeables follows the rule

r̃gNTt = κεt (1.38)

where κ is the stabilization parameter chosen by the government. Note that the policy rule

only specifies the change in government spending following a shock. Below we show that this

policy rule can be used to completely stabilize the consumption bundles, and therefore it meets

the objective of minimizing the variance of the consumption bundles. This also implies that

the balanced budget assumption is not restrictive in this model.

1.4.1 No stabilization

At first, consider the case of no stabilization, i.e., κ = 0. In Appendix 1.B it is shown that real

income generated in the tradeables sector evolves as

r̃yTt = χ1

(
−χ2f̃t − χ3

∞∑
j=1

(1 + δ)−j Et
[
r̃yTt+j

]
+ χ4εt

)
(1.39)

where the χ’s are defined in the appendix, χ1, χ2, χ3 > 0, and χ4 > 0 for κ = 0. Hence,

the immediate effect of a positive productivity shock is that the real income generated in the

tradeables sector exceeds its steady state level, since more is produced of both the tradeable

and the non-tradeable good, cf. (1.31) and (1.32), and the latter implies a drop in the relative

price of non-tradeables, cf. (1.34).

Since ∂χ1

∂λ
< 0 (and ∂χ4

∂λ
= 0), the direct effect of a productivity shock is diminishing in

the fraction being liquidity constrained.7 Hence, there is a lower variation in real income

from the tradeables sector, and thus in the consumption bundles, cf. (1.36) and (1.37), when

liquidity constraints are tight. The immediate consequence of this result is that the need for an

active stabilization policy following a supply shock is decreasing in the fraction being liquidity

constrained.

7In general, only the sign of the direct effect can be determined. However, the extreme case where all
consumers are liquidity constrained, λ = 1, sheds some light on the total effect.

Since
dr̃yTt /dε
dλ

∣∣∣
λ=1

= dχ1

dλ χ4 < 0, a marginal decrease in λ increases the volatility in the real income from the

tradeables sector following a productivity shock, and thus the variance of the value of the consumption bundle
increases, implying a larger need for stabilizing policies.
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This result may at first come as a surprise, but intuition is straightforward. Following a

positive productivity shock, the supply of tradeables (and non-tradeables) will increase. Hence,

to stabilize real income from the tradeables sector, demand for non-tradeables will have to

increase as well in order to increase the consumer price index, which can only happen if the

the price of non-tradeables increases (recall the exogeneity of the price of tradeables). The rise

in production, and thus income, following the increase in productivity raises consumption for

both constrained and non-constrained households. However, the non-constrained will smooth

out this windfall gain, leading to a smaller increase in demand (for both tradeables and non-

tradeables), and thus a smaller increase in the relative price of non-tradeables, than when more

consumers are consuming in a hand-to-mouth fashion. I.e., the ability for some consumers

to smooth out consumption weakens the stabilizing effect stemming from a rise in demand in

response to a positive productivity shock. Vice versa for a drop in productivity.

Hence, in this model the presence of hand-to-mouth consumers actually works as a stabilizer

when business cycle fluctuations are driven by supply shocks. This is in contrast to the usual

view that the presence of hand-to-mouth consumers amplifies business cycle fluctuations.

1.4.2 Active fiscal stabilization

Now, considering the possibility of an active fiscal stabilization policy via the public demand

for non-tradeables leads to the following proposition:

Proposition 1.2. Following a productivity shock, there exists a choice of the stabilization

parameter, κ = κ∗ > 0, which ensures perfect stabilization of the values of the consumption

bundles, i.e., b̃nct = b̃ct = 0.

Proof. See Appendix 1.B.

Hence, the optimal stabilization policy implies that public demand for non-tradeables in-

creases following a positive productivity shock since the relative price of non-tradeables (and

thus the wage) has to increase enough to offset the direct effect of the productivity gain on real

income generated in the tradeables sector. Since households are risk averse, this stabilization

policy will on average increase welfare because consumption is stabilized.

Proposition 1.3. The optimal stabilization policy is independent of the fraction of hand-to-

mouth consumers, i.e., ∂κ∗

∂λ
= 0.

Proof. See Appendix 1.B.

The optimal stabilization policy implies that the steady state level of consumption is at-

tained in all periods, and therefore Proposition 1.3 follows directly from Proposition 1.1. Hence,
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in this model fiscal policy is effective, but it is not true that fiscal policy is more effective in

stabilizing the economy when liquidity constraints are tight.

Finally note that the discussion above assumes that the supply shock affects productivity in

both sectors. However, the same qualitative results are obtained in case of asymmetric shocks,

i.e., by assuming that only one of the sectors is affected, cf. Appendix 1.B.

1.5 Concluding remarks

This paper introduced hand-to-mouth consumers in a model of a small open economy. Following

a productivity shock it was shown that there exists an active fiscal stabilization policy which is

able to perfectly stabilize the consumption bundles. This policy is independent of the liquidity

constraints in the sense that the optimal reaction of public consumption does not depend on the

fraction consuming in a hand-to-mouth fashion. Furthermore, the presence of hand-to-mouth

consumers actually reduces the need for an active policy stabilizing productivity shocks.

Hence, the consequences of hand-to-mouth consumption are more involved than previously

thought, and there is clearly a need for more work in this area. Also note that some of the usual

arguments carry over to this model: From a policy perspective it will be possible to temporarily

boost (reduce) aggregate demand by making a positive (negative) temporary transfer from the

non-constrained to the constrained households.8 Note that the policy does not have to be

unexpected in order to achieve this reaction in aggregate demand. On the other hand, the

temporary nature of the transfer is crucial, since there are no activity effects of permanent

transfers, but only redistributional effects.9

Finally, it is worth noting that the assumption of flexible wages is crucial for the results in

this paper. If wages were completely rigid, there would be no role for fiscal policy in this model

(see Appendix 1.B). Furthermore, the model used is quite stylized due to the many assumptions

needed to obtain the analytical results. It would therefore be interesting for future research to

investigate, whether the results generalize to more advanced small open economy models and

to other types of shocks.

8Formally this is seen by replacing (1.10) with ict+j ≡
PNTt+j y

NT
t+j

Qt+j
+
PTt+jy

T
t+j

Qt+j
− Tt+j
Qt+j

+ 1
λut and inct+j ≡

PNTt+j y
NT
t+j

Qt+j
+

PTt+jy
T
t+j

Qt+j
− Tt+j

Qt+j
− 1

1−λut, where ut is the total real amount transferred from the non-constrained households

to the constrained, and λ ∈ (0, 1). Note that ceteris paribus the transfer does not affect aggregate income,
but only the distribution of income. Since the non-constrained households smooth out the temporary windfall
gain/loss but the constrained do not, aggregate consumption of non-tradeables will, ceteris paribus, change by
α 1

1+δ
Qt
PNTt

ut, cf. (1.11), (1.22) and (1.24).
9To see this let ut+j = u ∀j ≥ 0. Then, the economy will immediately reach a new steady-state, where

cNT,ct has changed by α Qt
PNTt

1
λu, cf. (1.11), and cNT,nct has changed by α Qt

PNTt

1
1−λu, cf. (1.22). Hence, aggregate

consumption is unchanged, cf. (1.24).
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Appendices

1.A Consumption risk

In this appendix (1.36) and (1.37) are derived. Using (1.10), (1.33) and (1.34) in it+j =

It+j/Qt+j yields

it+j =
PNT
t+j

Qt+j

cNT,Agg
t+j +

P T
t+j

Qt+j

yTt+j

= λαit+j + (1− λ)α
δ

1 + δ
At+j +

P T
t+j

Qt+j

yTt+j ⇔

it+j =
1

1− λα

[
(1− λ)α

δ

1 + δ
At+j +

P T
t+j

Qt+j

yTt+j

]
(1.40)

where the second line uses (1.11), (1.22) and (1.24). Inserting in (1.17) implies

At = ft +
∞∑
j=0

(1 + δ)−j Et

[
(1− λ)α

δ

1 + δ
At+j +

P T
t+j

Qt+j

yTt+j

]
1

1− λα

= ft +
(1− λ)α

1− λα
At +

∞∑
j=0

(1 + δ)−j Et

[
P T
t+j

Qt+j

yTt+j

]
1

1− λα
⇔

At =
1− λα
1− α

ft +
1

1− α

∞∑
j=0

(1 + δ)−j Et

[
P T
t+j

Qt+j

yTt+j

]

where the second line uses the random walk property of wealth, (1.20). Finally, inserting in

(1.40) yields

it =
(1− λ)α

1− α
δ

1 + δ
ft +

1

1− λα
P T
t

Qt

yTt +
1

1− α
(1− λ)α

1− λα
δ

1 + δ

∞∑
j=0

(1 + δ)−j Et

[
P T
t+j

Qt+j

yTt+j

]
.
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1.B Productivity shocks

This appendix proves Propositions 1.2 and 1.3. Using (1.11), (1.22) and (1.24) in (1.34) and

rewriting yields

ryNTt = λαit + (1− λ)α
δ

1 + δ
At + rgNTt . (1.41)

Furthermore, by making a first-order Taylor approximation of (1.31) and (1.32) around the

initial steady state, we get

r̃yNTt = γ0P̃
NT
t + γ1εt (1.42)

r̃yTt = −ρ0P̃
NT
t + ρ1εt (1.43)

where γ0, γ1, ρ0, ρ1 > 0 follows directly from (1.31) and (1.32). Combining the linearized version

of (1.41) with (1.42) and inserting (1.38) yields

P̃NT
t = λ

α

γ0

ĩt + (1− λ)
α

γ0

δ

1 + δ
Ãt +

κ− γ1

γ0

εt.

Inserting this and the linearized versions of (1.36) and (1.37) in (1.43) implies

r̃yTt = χ1

(
−χ2f̃t − χ3

∞∑
j=1

(1 + δ)−j Et
[
r̃yTt+j

]
+ χ4εt

)

where χ1 ≡
(

1 + ρ0

γ0

1
1+δ

[
λα

1−λα + δ α
1−α

])−1

> 0, χ2 ≡ ρ0

γ0
(1− λ) α

1−α
δ

1+δ
> 0,

χ3 ≡ ρ0

γ0

α
1−α

δ
1+δ

1−λ
1−λα > 0, and χ4 ≡ ρ1 − ρ0

κ−γ1

γ0
R 0.

Choosing κ = γ1 + ρ1

ρ0
γ0 ≡ κ∗ > 0 implies r̃yTt = 0. To see this note that initially f̃t = 0.

Furthermore, Ãt = ĩt = 0 from (1.36) and (1.37) when Et
[
r̃yTt+j

]
= 0 ∀j > 0. To see the latter

point, note that f̃t+1 = (1 + δ)
(
f̃t + ĩt − b̃t

)
= 0, and therefore there are no effects in future

periods. Hence, using these results in (1.13) and (1.18) we have proven b̃ct = b̃nct = 0.

Thus, ∂κ∗

∂λ
=

∂
(
γ1+

ρ1
ρ0
γ0

)
∂λ

= 0, since the fraction of liquidity constrained households does not

affect the steady state (recall that the γ’s and the ρ’s are partial derivatives evaluated in steady

state), cf. Proposition 1.1.

Asymmetric shocks can be analyzed either by setting γ1 = 0 (only shocks to the tradeables

sector) or by setting ρ1 = 0 (only shocks to the non-tradeables sector), which yields the optimal

stabilization parameters κ∗|γ1=0 = ρ1

ρ0
γ0 > 0 and κ∗|ρ1=0 = γ1 > 0, i.e., the qualitative results

are not altered.

If, on the other hand, wages are completely rigid, we have ρ0 = 0, and therefore r̃yTt = ρ1εt

always, with no possibility for fiscal policy to stabilize real income from the tradeables sector.
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2.1 Introduction

In the wake of the financial and economic crisis the discussion about social insurance and opti-

mal stabilization policies has re-blossomed. To let labor market policies, e.g. the unemployment

insurance scheme, depend on the position of the business cycle has been emphasized as a way

to strengthen both social insurance and the (automatic) stabilization of economic fluctuations,

but the literature (both theoretical and empirical) on these subjects is still of modest size.

The optimal design of unemployment insurance (UI) has been studied for several years,

see Fredriksson & Holmlund (2006) for a survey of the literature. However, only recently the

literature has started to investigate the effects of UI across the business cycle. The firsts to

consider UI in a business cycle context were Kiley (2003), Sánchez (2008), and Andersen &

Svarer (2011b), who all used static models not allowing for shifts between good and bad times.

Recently, the literature has been fast-growing, and business cycle dependent UI is now being

analyzed in dynamic models allowing for shifts between recessions and booms, see1 Moyen

& Stähler (2009), Andersen & Svarer (2010), Landais, Michaillat, & Saez (2010), Kroft &

Notowidigdo (2011), Mitman & Rabinovich (2011), Jung & Kuester (2011), Ek (2012), and

Schuster (2012). However, the conclusions are open as some papers suggest that unemployment

benefits (both level and duration) should be countercyclical, i.e., the UI system should be more

generous in bad times than in good times, whereas others suggest procyclical UI generosity.

Importantly, all of the above do not allow for savings, and thus, they neither allow for wealth

heterogeneity nor partial self-insurance in the form of precautionary savings.2

Accounting for precautionary savings is potentially very important when studying the insur-

ance effects of unemployment benefits. The opportunity for individuals to self-insure has impor-

tant consequences for optimal UI, as shown by Abdulkadiroğlu, Kuruşçu, & Şahin (2002). They

also show that UI schemes which are designed ignoring the possibility of partial self-insurance

via savings can actually be harmful to the economy.

Accounting for the heterogeneity of economic agents, e.g. wealth heterogeneity, has proven

to be crucial when answering important economic questions. As an example, the welfare costs

of business cycles are orders of magnitude larger in models with heterogeneous agents than

originally suggested by Lucas (1987; 2003), see e.g. Storesletten, Telmer, & Yaron (2001),

and Krusell, Mukoyama, Şahin, & Smith (2009). For surveys of the fast growing literature

with heterogeneous agents models see Heathcote, Storesletten, & Violante (2009) and Guvenen

(2011).

1For considerations about the practical implementation of business cycle contingent unemployment insurance
along with more thorough reviews of this literature (both the theoretical and the empirical) see Andersen &
Svarer (2009; 2011a).

2Landais et al. (2010) briefly consider self-insurance in the form of home production in their one-period
model.

22



Several papers have studied unemployment insurance in models with savings and hetero-

geneous agents, see Young (2004), Pollak (2007), Reichling (2007), Lentz (2009), Krusell,

Mukoyama, & Şahin (2010), Vejlin (2011), and Mukoyama (2011). However, none of these

papers study unemployment insurance in a business cycle context.

In this sense, Costain & Reiter (2005) are more related to this paper. They find that

procyclical social security contributions are optimal, while unemployment benefits should be

almost constant across states. However, their model is different from the model used in this

paper in some respects, for example their asset structure is more simplistic, i.e., the interest

rate is fixed, there is no physical capital in the production process, and wages are independent

of asset holdings.

This paper studies the effects of a business cycle dependent level of unemployment benefits in

a model with wealth heterogeneity and precautionary savings. We use the model with aggregate

fluctuations in productivity from Krusell et al. (2010), who only explicitly analyze UI in the

steady state version of their model. Since labor supply and search effort are both exogenous, UI

does not cause moral hazards on the worker side, and therefore the optimal (linear) UI scheme

does not trade off insurance and incentives to work/search, but instead it trades off insurance

and job creation. The model is basically a merger between two strands of the literature: i)

the Bewley-Huggett-Aiyagari model,3 where risk-averse consumers face idiosyncratic earnings

risks, against which they can only insure partially (through savings), and ii) the Diamond-

Mortensen-Pissarides (DMP) search/matching model4 of the labor market, where equilibrium

unemployment and vacancies are determined endogenously.

The model is calibrated to US data, and we find that both procyclical and countercycli-

cal unemployment benefits can increase welfare relative to business cycle invariant benefits.

Procyclical UI is beneficial because the distortionary effect of UI (on job creation) is counter-

cyclical, and thus, the employment process is stabilized, whereas countercyclical UI is beneficial

because it facilitates consumption smoothing and raises mean consumption, i.e., it stabilizes the

labor income process through stabilization of wages. It turns out that there is a non-monotone

relationship between these counteracting effects. The largest welfare gain (in consumption

equivalent terms) is obtained by having procyclical unemployment benefits when UI benefits

are conditioned on (current) productivity. This finding is robust to changing the calibration

strategy, but it turns out that the chosen calibration strategy is crucial for the magnitude of

the welfare gain obtained by shifting from constant UI across the business cycle to procyclical

UI benefits. However, if UI benefits are conditioned on either the unemployment level or lagged

productivity instead and the public budget is allowed to work as a buffer, the largest welfare

gain is achieved from countercyclical UI generosity. The same conclusion is reached if wages

are completely rigid.

3See Bewley (undated), Huggett (1993), and Aiyagari (1994).
4See Diamond (1981), Pissarides (1985), and Mortensen & Pissarides (1994).
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The rest of the paper is structured as follows: The model is presented in Section 2.2, and

Section 2.3 explains how the model is solved numerically. Section 2.4 considers the effects of

business cycle dependent unemployment benefits, whereas Section 2.5 contains various robust-

ness checks and extensions. Finally, Section 2.6 concludes.

2.2 Model

We use the model with aggregate productivity shocks from Krusell et al. (2010) with some minor

extensions. Time is discrete. Following Krusell & Smith (1998) it is assumed that aggregate

productivity5 z takes on two values, z = g in good periods, and z = b in bad periods (with

g > b > 0), and it follows a first-order Markov process, where the probability of moving from

state z to state z′ is denoted πzz′ ∈ [0, 1].

2.2.1 Matching

The labor market has a Diamond-Mortensen-Pissarides search & matching structure. Thus,

unemployed workers and vacant jobs coexist, and existing matches between a worker and a firm

are assumed to be separated at the exogenous rate σ ∈ (0, 1).

Unemployed workers and vacant jobs are randomly matched according to the aggregate

matching function M (u, v), which exhibits constant returns-to-scale and is increasing in both

arguments. u is the number of unemployed workers, and v is the number of vacancies. Thus,

the job finding probability λw is

λw =
M (u, v)

u
= M

(
1,
v

u

)
= M (1, θ)

where the vacancy-unemployment ratio is defined as θ ≡ v
u
. The worker finding probability λf

is

λf =
M (u, v)

v
= M

(u
v
, 1
)

= M
(
θ−1, 1

)
.

Hence, the law of motion for the unemployment rate u is given by

u′ = (1− λw)u+ σ (1− u) (2.1)

where a prime (′) denotes a next period variable.

2.2.2 Asset structure

It is assumed that no markets exist for insurance against idiosyncratic employment shocks.

However, there exist two assets, capital k and equity x, where capital is used in the production

process and the equity is a claim for aggregate firm profits.

5For notational convenience time subscripts are left out throughout the model description.
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The joint distribution of assets and employment across consumers is denoted S, and the

aggregate state in any given period is governed by (z, S).

Next period’s distribution of assets is determined in this period since it depends only on the

consumers’ asset accumulations and portfolio choice decisions. Likewise, next period’s distribu-

tion of the employment statuses6 (the fraction being employed and unemployed, respectively)

is also determined in this period since it follows from the law of motion of aggregate unemploy-

ment in (2.1). Therefore, the joint distribution of assets and employment across consumers in

the next period is determined in this period, and we can write

S ′ = Ω (z, S) . (2.2)

Hence, the aggregate state in the next period is either (g, S ′) or (b, S ′).

Let the consumer’s state variable be

a ≡ [1 + r (z, S)− δ] k + [p (z, S) + d (z, S)]x

which is total asset holdings of the individual, and where δ is the depreciation rate of capital;

r (z, S) is the interest rate; p (z, S) is the equity price; d (z, S) is the dividend.

Like Krusell et al. (2010) we implement the portfolio choice by considering two Arrow

securities, each paying one unit of the consumption good in a given state and nothing in the

other state. This implementation is without loss of generality since the two assets, aggregate

capital and equity, can be used to create these securities. Investment firms carry out this

transformation, see below.

LetQz′ (z, S) denote the price of an Arrow security that provides one unit of the consumption

good in the next period if and only if the next period aggregate productivity is z′ when the

current state is (z, S). Then, the asset prices must satisfy the following no-arbitrage conditions

1 = Qg (z, S) [1− δ + r (g, S ′)] +Qb (z, S) [1− δ + r (b, S ′)] (2.3)

p (z, S) = Qg (z, S) [p (g, S ′) + d (g, S ′)] +Qb (z, S) [p (b, S ′) + d (b, S ′)] . (2.4)

since we can perfectly track the returns on capital and equity by investing in the two Arrow

securities.

2.2.3 Consumers

There is a continuum of consumers with mass 1, and these are either employed (1−u) or unem-

ployed (u). The consumers face an exogenous borrowing constraint at a and are heterogeneous

with respect to employment status and asset holdings. Labor supply and search effort are both

exogenous.

6Note that only the aggregate distribution of employment statuses is determined this period. Next period’s
employment state is still uncertain at the individual level.
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2.2.3.1 Unemployed consumers

Let a′z′ denote the consumer’s demand for an Arrow security that pays out one unit of the

consumption good in the next period if and only if the next period’s aggregate productivity

turns out to be z′. The unemployed worker’s optimization problem is

U (a; z, S) = max
c,a′g≥a,a′b≥a

u (c) + β
{
πzg
[
(1− λw (z, S))U

(
a′g; g, S

′)+ λw (z, S)W
(
a′g; g, S

′)]
+πzb [(1− λw (z, S))U (a′b; b, S

′) + λw (z, S)W (a′b; b, S
′)]}

subject to

c+Qg (z, S) a′g +Qb (z, S) a′b = a+ h− T and S ′ = Ω (z, S)

where u (·) is an increasing and strictly concave instantaneous utility function; c is the con-

sumption level; β ∈ (0, 1) is the discount factor; λw (z, S) is the job finding probability defined

above; h is unemployment benefits before tax; T is a lump-sum tax paid by all consumers;

U (a; z, S) is the value of being unemployed with asset holding a, and W (a; z, S) is the value

of being employed taking the wage determination into account.

Let the decision rule, i.e., the optimal solution to the optimization problem, for a′z′ be

ψuz′ (a; z, S).

2.2.3.2 Employed consumers

The employed worker’s optimization problem is

W̃ (w, a; z, S) = max
c,a′g≥a,a′b≥a

u (c) + β
{
πzg
[
σU
(
a′g; g, S

′)+ (1− σ)W
(
a′g; g, S

′)]
+πzb [σU (a′b; b, S

′) + (1− σ)W (a′b; b, S
′)]}

subject to

c+Qg (z, S) a′g +Qb (z, S) a′b = a+ w − T and S ′ = Ω (z, S)

where w is the wage. Hence, W̃ (w, a; z, S) is the value of being employed given the wage w, and

W (a; z, S) is the value of being employed when taking the wage determination into account.

Denoting the wage function, i.e., the outcome of the wage determination, as w = ω (a; z, S) the

relationship is

W (a; z, S) ≡ W̃ (ω (a; z, S) , a; z, S) .

Let the decision rule for a′z′ be ψ̃ez′ (w, a; z, S) for a given wage, and define

ψez′ (a; z, S) ≡ ψ̃ez′ (ω (a; z, S) , a; z, S) .
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2.2.4 Firms

Assume a one-firm-one-job structure. To find a vacant worker the firm posts a vacancy. The

value of a vacancy, V (z, S), is

V (z, S) = −ξ

+Qg (z, S)

[
(1− λf (z, S))V (g, S) + λf (z, S)

∫
J
(
ψug (a; z, S) ; g, S ′

) fu (a;S)

u
da

]
+Qb (z, S)

[
(1− λf (z, S))V (b, S ′) + λf (z, S)

∫
J (ψub (a; z, S) ; b, S ′)

fu (a;S)

u
da

]
where ξ is the vacancy cost; λf (z, S) is the worker finding probability defined above; fu (a;S) is

the population of unemployed workers with asset holdings a, and thus, fu (a;S) /u is the density

function of the unemployed workers over a; J (a; z, S) is the value of a filled job taking the wage

determination into account, and hence, the integrals show the expected value of matching with

an unemployed worker (given a future state) taking the wage determination and the individual

decision rules into account. The firm discounts future values by the Arrow security prices since

these are the rates at which the non-constrained consumers discount future states.7 There is

free entry of firms which implies that firms post vacancies v (z, S) until V (z, S) = 0.

A matched firm rents capital from the consumers at a rental rate of r (z, S) and pays the

worker a wage w. The value of a filled job given the wage w, J̃ (w, a; z, S), is therefore

J̃ (w, a; z, S) = π̃ (w; z, S) +Qg (z, S)
[
σV (g, S ′) + (1− σ) J

(
ψ̃eg (w, a; z, S) ; g, S ′

)]
+Qb (z, S)

[
σV (b, S ′) + (1− σ) J

(
ψ̃eb (w, a; z, S) ; b, S ′

)]
where the instantaneous profit is defined as π̃ (w; z, S) ≡ maxk {zF (k)− r (z, S) k − w}, and

zF (k) is the production function, which is increasing and strictly concave in the capital input

k. Again, we can define

J (a; z, S) ≡ J̃ (ω (a; z, S) , a; z, S) .

The first-order condition implies r (z, S) = zF ′ (k). Symmetry implies that in equilibrium each

firm has the same capital stock, and the capital stock per job is k̃ = k̂/(1− u), where k̂ is the

aggregate capital stock. Therefore, the equilibrium profit can be written as

π (a; z, S) ≡ zF
(
k̃
)
− r (z, S) k̃ − ω (a; z, S) . (2.5)

The dividend is then calculated as the total profits minus the total vacancy costs, that is

d (z, S) =

∫
π (a; z, S) fe (a;S) da− ξv (2.6)

i.e., aggregated profits over all firms (=all jobs) since fe (a;S) is the population of employed

workers with asset holdings a.
7In the numerical solution of the model it turns out that very few (if any) consumers have a binding

borrowing constraint.
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2.2.5 Wages

When an unemployed worker and a vacant job get matched, the wage is determined through

Nash Bargaining. Thus, the wage in a match including a worker with asset holdings a solves

max
w

(
W̃ (w, a; z, S)− U (a; z, S)

)γ (
J̃ (w, a; z, S)− V (z, S)

)1−γ

where γ ∈ (0, 1) is the bargaining power of the worker. The solution is described by w =

ω (a; z, S).

The bargained wage depends on the asset holdings of the worker, because these affect both

the worker’s outside option in the current period and the chosen asset holdings next period

(contingent on the future aggregate state).8

2.2.6 Investment firms

We envision competitive investment firms who sell contingency claims to consumers by rear-

ranging capital and equity. Asset market clearing requires∫
ψez′ (a; z, S) fe (a;S) da+

∫
ψuz′ (a; z, S) fu (a;S) da = (1− δ + r (z′, S ′)) k̂′+p (z′, S ′)+d (z′, S ′)

(2.7)

for each z′, together with the no-arbitrage conditions (2.3) and (2.4).

2.2.7 Government

The government provides (partial) unemployment insurance as it pays out unemployment ben-

efits to the unemployed workers. This is financed via a lump-sum tax levied on all consumers.

Assume (for now) that the public budget has to balance each period, that is

T = uh (2.8)

i.e., the tax revenue equals total public expenditures.

2.3 Solving the model

This section explains how the model is solved numerically. Furthermore, it briefly discusses,

how the economy behaves in the benchmark of constant UI benefits across the business cycle.

8Note that the wage is reset every period, also for pre-existing matches. Thus, it is implicitly assumed that
firms cannot commit to future wages.
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2.3.1 Computation

In Appendix 2.A it is shown that the resource balance condition (goods-market equilibrium

condition)

ĉ+
[
k̂′ − (1− δ) k̂

]
= zF

(
k̃
)

(1− u)− ξv (2.9)

is fulfilled, where ĉ is aggregate private consumption. That is, aggregate private consumption

plus investments equal aggregate output (net of aggregate vacancy costs), where we can define

ŷ ≡ zF
(
k̃
)

(1− u)− ξv.

Furthermore, for a complete definition of the recursive competitive equilibrium see Krusell

et al. (2010). Their appendix also contains a detailed description on how to solve the model

numerically, and therefore this section only summarizes the method used.

Using the idea of Krusell & Smith (1998), consumers are assumed to have bounded rational

perceptions of the evolutions of key economic variables, i.e., we apply the method of ”approxi-

mate aggregation”.9 Hence, consumers perceive the next period aggregate capital stock, k̂′, as

a (log-linear) function of
(
z, k̂, u

)
. The same is true for this period’s θ, p, d, and Qg (or Qb, see

below). Krusell et al. (2010) show that these simple prediction rules are highly accurate with

R2s above 0.999, and with very small forecasting and prediction errors.

The numerical solution10 of the model proceeds as follows (using the z = g case for illus-

tration): 1) Guess on the law of motion for aggregate capital, i.e., k̂′ as a (log-linear) function

of
(
z, k̂, u

)
. 2) Guess on coefficients of the prediction rules for θ, p, d and Qg as (log-linear)

functions of
(
z, k̂, u

)
. 3) Calculate u′ from the law of motion in (2.1). 4) Calculate Qb us-

ing the no-arbitrage condition in (2.3) and the first three steps. 5) Perform the individual

maximization and determine the wages from the Nash bargaining. 6) Simulate the economy

for many periods11 using the results from the previous steps, and update the forecasting and

prediction rules using the data from the simulation. Iterate until the forecasting and prediction

rules converge (gain sufficient accuracy). The resulting forecasting and prediction rules for the

standard case are presented in Appendix 2.B.

2.3.2 Calibration

We apply the calibration of Krusell et al. (2010) who calibrate the model to fit US data. A

period is chosen to be six weeks. The production function is zF (k) = zkα. The parameters

9Without this assumption, consumers needed to know the law of motion for the entire distribution of agents,
which is an infinite-dimensional object. ”Approximate aggregation” assumes that a finite set of moments is
sufficient for forecasting future economic variables.

10We use 60 grid points in the a direction for the value functions, 15 points in the a direction for the wage
function, 4 points in both the k̂ and the u direction. We interpolate between grid points using cubic splines in
the a direction and linear interpolation in the other directions.

11Following Krusell et al. (2010), the economy is simulated for 2000 periods, and we disregard the first 500
periods.
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α = 0.3, δ = 0.01, and β = 0.995 are chosen using three calibration targets: a capital share of

0.3, an investment-output ratio of 0.2, and an annual rate of return on capital of 0.04. Also,

the borrowing constraint is chosen as a = 0. The utility function is u (c) = log (c).

Following Cooley & Prescott (1995) the productivity levels are chosen to be g = 1.02 and

b = 0.98 yielding an unconditional mean productivity of 1. Following Krusell & Smith (1999)

and Krusell et al. (2009) the average duration of each boom (or recession) is set to two years,

i.e., 16 periods in this model, which implies πbb = πgg = 0.9375 with12 πbg = 1 − πbb and

πgb = 1− πgg.
In the standard case, the matching parameters are calibrated following Shimer (2005). In

the benchmark with constant unemployment benefits across the business cycle we set h = 0.99,

which turns out to be approximately 40% of the average wage. The separation rate is σ = 0.05.

The matching function is M (u, v) = χuηv1−η. Aiming for θ = 1 in equilibrium pins down

χ = 0.6. Furthermore, ξ = 0.5315 is chosen such that θ = 1 satisfies the free-entry condition.

Finally, η = γ = 0.72, again following Shimer (2005).

2.3.3 Benchmark

This section briefly discusses the benchmark case of invariant UI benefits across the business

cycle. Table 2.1 summarizes the means and fluctuations of the key economic variables across

the business cycle.

Table 2.1: Summary statistics for the benchmark of invariant UI benefits

z u v θ k̂ w̄ h
mean 1.0000 0.0768 0.0771 1.0039 66.955 2.4818 0.9900

∆g +2.00% −0.63% +2.36% +2.99% +0.43% +2.01% 0.00%

T RR p d r ŷ ĉ
mean 0.0761 0.3801 0.9061 0.0042 0.0150 3.2966 2.6321

∆g −0.63% −2.04% +2.06% +56.17% +1.74% +2.16% +0.44%
Note: mean denotes the unconditional mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across

periods with z = ž. ∆g is the percentage deviation of the average across good states from the un-

conditional mean. Thus, per definition ∆b = −∆g, and only ∆g is shown. w̄ is the average wage;

RR ≡ h−T
w̄−T is the average replacement ratio; ŷ is the aggregate output (net of vacancy costs);

ĉ is the aggregate consumption.

From Table 2.1 it is seen that the benchmark economy behaves as expected in several

aspects. Vacancy creation, and thereby also the v-u ratio, is procyclical. Hence, the job finding

12The unconditional probability of being in a bad state is thus Pr (z = b) =
1−πgg

2−πbb−πgg =
πgb

πgb+πbg
= 1

2 , cf.

Hamilton (1994, p. 683), and similarly Pr (z = g) =
πbg

πgb+πbg
= 1

2 .
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rate is procyclical, which leads to a countercyclical unemployment rate. Thus, there is a clear

negative relationship between aggregate productivity and unemployment, and the correlation

is corr (z, u) = −0.82.

Due to the balanced budget requirement, the lump-sum tax is countercyclical as UI expen-

ditures are higher during recessions where more workers are unemployed. The average wage is

near-proportional to z, and wages are procyclical. This makes the average replacement ratio

countercyclical, i.e., the income of an unemployed worker relative to the (average) income of

an employed worker is higher in bad times than in good times.

The dividend is highly procyclical because profits are very volatile. Finally, aggregate output

(net of vacancy costs) is procyclical, while aggregate consumption is only slightly procyclical,

i.e., consumers are to a large extent able to smooth consumption out over the business cycle.

Table 2.1 also reveals that the fluctuations in u, v, and θ over the business cycle are very

small. This is a well-known result from e.g. Shimer (2005). As a robustness check, in Section

2.5.6 we use a different calibration strategy inspired by Hagedorn & Manovskii (2008), which

delivers much more reasonable fluctuations in these key business cycle variables.

Finally, the Gini coefficient13 for wealth in the benchmark economy is 0.3153 on average

across the business cycle, and it is 0.03% higher in good states.

2.4 Business cycle dependent unemployment benefits

This section analyzes the effects of allowing unemployment benefits to depend on the position

of the business cycle. Similar to Costain & Reiter (2005), we assume that the government is

interested in the welfare consequences of a UI scheme where the level of unemployment benefits

depends linearly on aggregate productivity, that is14

h = h+ φz
z − z
z

(2.10)

where z is the average aggregate productivity across the business cycle; h is the benefit level

when aggregate productivity equals its average; φz is the policy choice variable, and it deter-

mines the degree of business cycle dependence. A positive (negative) φz implies pro(counter)-

cyclical benefits, while φz = 0 implies a business cycle independent UI level (the benchmark).

13Numerically, the Gini coefficient for wealth is calculated as G = 1 −
∑n
i=1 f(ai)(Γi+Γi−1)

Γn
, where Γi ≡∑i

j=1 f (aj) aj , Γ0 = 0, f (a) is the discrete probability density function of asset holdings, and n is the number
of grid points in the asset distribution, see e.g. Xu (2004).

14This UI scheme does not allow unemployment benefits to depend on the whole history of shocks but only
on the current period shock, which has a practical implementation appeal more than a purely theoretical appeal.
Furthermore, note that choosing h as in section 2.3.2 implies that the average level of unemployment benefits
is unaffected compared to Krusell et al. (2010).
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2.4.1 Welfare measure

Consider the welfare consequences of changing φz from the benchmark of invariant unemploy-

ment benefits (φz = 0). In order to be able to calculate the expected welfare gain for each

individual, we will make the experiment of moving an individual along with its asset level and

employment status from the benchmark economy to an economy with a different φz. As is

typical in this literature the welfare consequences of such experiments can be found following

Lucas (1987). The welfare gain, µ, can be calculated from15,16

E0

[
∞∑
t=0

βt log ((1 + µ) ct)

]
= E0

[
∞∑
t=0

βt log
(
cEXPt

)]

where ct is the individual’s consumption under the benchmark case (business cycle invariant

benefits), and cEXPt is the individual’s consumption under the experiment (holding fixed the

individual’s asset level and employment status in the initial period). Thus, µ measures the

consumption equivalent, i.e., by how much should the individual be permanently compensated

in terms of consumption if not moving to the ”new economy”. Hence, µ > 0 (µ < 0) means

that the individual gains (loses) from the experiment.

One advantage of the present welfare measure is that one can calculate the expected welfare

gain for each individual in the benchmark economy, i.e., it is possible to distinguish between poor

and rich workers. A potentially important drawback of this welfare measure is the discrepancy

between actual aggregate asset holdings in the economy and the asset holdings aggregated

over all the individuals moved to the new economy (one by one). The same applies for actual

aggregate employment versus employment aggregated over the moved individuals. Therefore,

as a robustness check, one can apply the standard utilitarian welfare measure. Hence, we

calculate the mean welfare for different φz’s and compare this to the mean welfare for φz = 0,

where welfare in a given period is defined as∫
W (a; z, S) fe (a;S) da+

∫
U (a; z, S) fu (a;S) da

i.e., we use the actual distribution of asset holdings and employment statuses, and not the

benchmark distribution. When solving the model numerically, it has always been the case that

the two approaches provide equivalent conclusion, i.e., all results regarding the optimality of

pro- and countercyclical UI benefits, respectively, are sustained when applying this alternative,

utilitarian welfare measure, and therefore only the former welfare measure will be presented

below.

15In practice, µ is found by rearranging to µ = exp
[(
V EXP − V

)
(1− β)

]
− 1, where V EXP ≡

E0

[∑∞
t=0 β

t log
(
cEXPt

)]
and V ≡ E0 [

∑∞
t=0 β

t log (ct)]. In the tables we present the welfare gain in percentage,
i.e., 100 · µ.

16This welfare measure is also used by e.g. Krusell et al. (2010) and Mukoyama (2011) in models without
aggregate shocks, and by Costain & Reiter (2005) and Krusell et al. (2009) in models with aggregate shocks.
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2.4.2 Welfare consequences

Table 2.2 shows the welfare consequences17 of moving the agents along with their employment

statuses and asset holdings from the benchmark economy with constant unemployment benefits

to an economy with business cycle dependent unemployment benefits and slope parameter φz.

The table shows that both procyclical and countercyclical UI benefits can increase welfare

relative to constant UI benefits across the business cycle. The mean welfare gain is largest in

case of procyclical UI benefits (with φz = 1.76). The unemployed and the employed experience

almost the same welfare gains on average. Actually, even the poorest unemployed who face a

binding borrowing constraint prefer procyclical benefits. Most of the employed gain in both

good and bad periods, whereas the unemployed gain more in good periods than they lose in bad

periods. On average, every consumer in the economy gain when moving from the benchmark

of constant UI benefits to procyclical UI generosity, which is somewhat surprising.

On the other hand, if the cyclicality of benefits is too strong, e.g. φz = ±10, both pro- and

countercyclical UI benefits are harmful to the agents. Consumers facing a binding borrowing

constraint will still gain in periods where benefits (and thus consumption) are raised, but they

will lose much more in periods where benefits are lowered due to diminishing marginal utility.

The maximum attainable mean welfare gain is 0.002% of consumption, which is small com-

pared to the welfare gains found in other studies. Mitman & Rabinovich (2011) find that

the optimal UI scheme, which overall implies procyclicality of both benefit level and duration,

yields a mean welfare gain of 0.67% of consumption compared to the current US system. Ek

(2012) considers both differentiated taxes and benefit levels, and she finds that taxes should

be procyclical whereas benefits should be countercyclical, which yields a mean welfare gain of

0.01% of consumption compared to the optimal uniform system. However, both these studies

ignore savings, and therefore they are likely to overrate the welfare gains from business cycle

dependent unemployment benefits since self-insurance is not possible.

In a model allowing for savings, Costain & Reiter (2005) calculates the welfare costs of

business cycles to be 0.269% of consumption by comparing their static model, i.e., without

aggregate fluctuations, to their dynamic benchmark. They find that the optimal policy with

strongly procyclical taxes and slightly procyclical benefits eliminates around 70% of the welfare

costs of business cycles, i.e., it implies a mean welfare gain of 0.185% of consumption compared

to the dynamic benchmark. In contrast to this paper, Costain & Reiter (2005) do not consider

aggregate assets, e.g. physical capital and equity, and thus, implicitly they do not allow for

insurance against aggregate shocks. However, they are able to calculate the welfare costs of

business cycles in the case where ”aggregate insurance” is attained. Using this, the welfare

17We present the average µ across good periods, µ̄g, and bad periods, µ̄b, along with the unconditional mean
0.5 (µ̄g + µ̄b). In contrast, Krusell et al. (2009) choose to pick a random good period and a random bad period.
However, the welfare gains are almost constant conditional on aggregate productivity, and therefore the two
methods are (almost) equivalent.
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gain from the optimal policy described above is 0.049% of consumption relative to the case

with ”aggregate insurance”. This seems to be the relevant number for comparison with this

paper, and their number is much larger for two reasons: i) the calibration strategy, cf. Section

2.5.6, and ii) Costain & Reiter (2005) consider two policy variables, the cyclicality of benefits

and the cyclicality of the public deficit, against only one, the cyclicality of benefits, in this

paper where the public budget (for now) is required to balance each period. The welfare gains

suggested by both Costain & Reiter (2005) and Ek (2012) primarily stem from allowing taxes

to vary over the business cycle, since they find that differentiated taxes over the business cycle

result in much larger welfare gains than differentiated UI benefits. As this paper focuses only

on the latter policy variable, one would therefore expect much smaller welfare gains from the

optimal (linear) policy.

Table 2.2: Welfare consequences of different degrees of cyclicality in UI benefits

φz z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−10.00 g -0.0259 -0.0619 -0.0230 -0.2060 -0.0669 0.00 0.00 0.00
−10.00 b -0.0037 0.0336 -0.0069 0.1278 0.0174 7.83 100.00 0.10
−10.00 mean -0.0148 -0.0141 -0.0149 -0.0391 -0.0247 0.00 0.00 0.00
−5.00 g -0.0088 -0.0268 -0.0073 -0.0924 -0.0270 0.00 0.00 0.00
−5.00 b 0.0026 0.0212 0.0010 0.0734 0.0152 93.77 100.00 93.25
−5.00 mean -0.0031 -0.0028 -0.0031 -0.0095 -0.0059 0.00 0.00 0.00
−1.00 g -0.0010 -0.0046 -0.0007 -0.0170 -0.0044 0.45 0.00 0.48
−1.00 b 0.0018 0.0055 0.0015 0.0169 0.0049 100.00 100.00 100.00
−1.00 mean 0.0004 0.0004 0.0004 -0.0000 0.0002 �100.00 99.97 100.00

1.00 g 0.0028 0.0064 0.0025 0.0175 0.0057 100.00 100.00 100.00
1.00 b 0.0002 -0.0035 0.0005 -0.0159 -0.0033 89.66 0.00 97.17
1.00 mean 0.0015 0.0014 0.0015 0.0008 0.0012 100.00 100.00 100.00
1.76 g 0.0041 0.0104 0.0035 0.0299 0.0091 100.00 100.00 100.00
1.76 b -0.0001 -0.0066 0.0004 -0.0285 -0.0061 82.13 0.00 89.01
1.76 mean 0.0020 0.0019 0.0020 0.0007 0.0015 100.00 100.00 100.00
5.00 g 0.0058 0.0241 0.0043 0.0767 0.0193 99.99 100.00 99.99
5.00 b -0.0057 -0.0241 -0.0041 -0.0894 -0.0235 0.26 0.00 0.28
5.00 mean 0.0001 0.0000 0.0001 -0.0064 -0.0021 59.66 44.84 60.89

10.00 g 0.0029 0.0395 -0.0002 0.1342 0.0250 40.63 100.00 35.72
10.00 b -0.0200 -0.0567 -0.0170 -0.2007 -0.0603 0.00 0.00 0.00
10.00 mean -0.0086 -0.0086 -0.0086 -0.0333 -0.0176 0.00 0.00 0.00

Note: The table shows the welfare gains from moving the agents from an economy with constant UI be-
nefits to an economy with cyclically dependent benefits and slope parameter φz. uC and eC denote the
unemployed and employed, respectively, with a binding borrowing constraint. g is a good state, b is a
bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
�: Rounded to 100.00%. φz = 1.76 is the level that maximizes the mean welfare gain.

2.4.3 Effects on key economic variables

Table 2.3 shows how the key economic variables are affected by changing the cyclicality in UI

benefits, φz. The table reveals some of the counteracting effects working in favor of procyclical

and countercyclical UI benefits, respectively. From Table 2.2 we already know that the relative

importance of these counteracting effects is non-monotone in φz.
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Table 2.3: Averages of key economic variables

φz z u (%) v θ k̂ w̄ h T RR d ŷ ĉ
−1.00 g 7.6191 0.0796 1.0448 67.240 2.5302 0.9700 0.0739 0.3648 0.0074 3.3679 2.64375
−1.00 b 7.7515 0.0746 0.9629 66.671 2.4335 1.0100 0.0783 0.3956 0.0009 3.2252 2.62045
−1.00 mean 7.6853 0.0771 1.0039 66.955 2.4819 0.9900 0.0761 0.3802 0.0042 3.2966 2.63210

0.00 g 7.6364 0.0790 1.0339 67.240 2.5317 0.9900 0.0756 0.3723 0.0065 3.3678 2.64376
0.00 b 7.7332 0.0753 0.9738 66.670 2.4320 0.9900 0.0766 0.3878 0.0018 3.2253 2.62042
0.00 mean 7.6848 0.0771 1.0039 66.955 2.4818 0.9900 0.0761 0.3801 0.0042 3.2966 2.63209
1.76 g 7.6673 0.0778 1.0146 67.236 2.5344 1.0252 0.0786 0.3855 0.0048 3.3676 2.64373
1.76 b 7.7017 0.0765 0.9931 66.667 2.4292 0.9548 0.0735 0.3741 0.0035 3.2254 2.62035
1.76 mean 7.6845 0.0771 1.0039 66.952 2.4818 0.9900 0.0761 0.3798 0.0041 3.2965 2.63204
5.00 g 7.7266 0.0757 0.9792 67.230 2.5394 1.0900 0.0842 0.4097 0.0017 3.3671 2.64366
5.00 b 7.6457 0.0786 1.0286 66.663 2.4242 0.8900 0.0680 0.3489 0.0065 3.2256 2.62021
5.00 mean 7.6861 0.0771 1.0039 66.946 2.4818 0.9900 0.0761 0.3793 0.0041 3.2963 2.63193

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional mean,
i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h−T

w̄−T is the ave-

rage replacement ratio. The aggregate output is ŷ ≡ zF (k̃) (1 − u) − ξv. φz = 1.76 is the level that maximizes the
mean welfare gain.

Compared to the benchmark (φz = 0) procyclical unemployment benefits lead to stabiliza-

tion of most of the economic variables. Thus, unemployment, vacancies, and the v-u ratio

are all stabilized with procyclical UI generosity. When benefits are raised in booms, the wage

will increase, and therefore firms will post fewer vacancies. This leads to a decrease in the

v-u ratio, which lowers the job finding probability, and therefore the unemployment level will

increase. Similarly, vacancy creation will be higher in recessions where benefits are lowered,

which makes job finding easier and unemployment decreases. Furthermore, procyclical benefits

stabilize profits and aggregate output (defined as the right-hand side of (2.9)), whereas wages

are destabilized. The aggregate output is stabilized because the number of producers (= the

employment level) is stabilized, and because the aggregate vacancy costs are stabilized. In the

benchmark, the average replacement ratio is countercyclical due to procyclical wages. However,

if the procyclicality of UI benefits is sufficiently strong, the average replacement ratio will be

procyclical, which is the case for the optimal degree of procyclicality (φz = 1.76), in which case

UI benefits are 3.56% higher in good times than on average across the business cycle, and the

(average) replacement ratio is 1.50% higher.

For countercyclical UI benefits the exact opposite happens. Most variables are destabilized,

e.g. unemployment, but wages are stabilized since they increase during recessions due to a

better outside option of the worker, and they decrease during booms where the outside option

of the worker is worsened. Hence, agents need to save less for bad times and more for good

times. For most agents the former dominates, and therefore consumption increases on average.

Furthermore, this leads to a stabilization of aggregate consumption.

Table 2.3 also shows that mean unemployment, which can be thought of as the structural

unemployment level, is lowered when moving from the benchmark economy (φz = 0) to an

economy with (optimal) procyclical benefits (φz = 1.76), because unemployment drops more

during recessions than it increases during booms. Also, structural unemployment is higher
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with countercyclical benefits, because unemployment increases more during recessions than it

decreases during booms. Hence, the distortionary effects of UI (on job creation) is counter-

cyclical, at least for small absolute values of φz, and therefore procyclical UI benefits can be

welfare improving. This interpretation is in line with Andersen & Svarer (2011b) who find

that benefits should be lowest in the state with most distortions. On the other hand, if the

procyclicality of UI benefits is too strong (e.g. φz = 5), structural unemployment increases

compared to the benchmark, and in fact, the unemployment rate will be higher during booms

than during recessions.

To sum up, procyclical UI generosity can be beneficial due to the countercyclical nature

of the distortionary effects of UI (on job creation), whereas countercyclical UI generosity can

be beneficial as it facilitates consumption smoothing and raises mean consumption. Table

2.1 showed that most consumers are able to smooth consumption fairly well, even without

countercyclical UI, and therefore procyclical UI generosity dominates countercyclical UI.

Finally, Figure 2.1 shows a sample path for the unemployment rate in the benchmark

case of constant UI, in case of (optimal) procyclical UI, and in the case of countercyclical

UI. It confirms that unemployment is stabilized in case of procyclical UI since unemployment

increases (relative to the benchmark) in good times, where unemployment is low, and decreases

in bad times, where unemployment is high, whereas unemployment is destabilized in case of

countercyclical UI.

Figure 2.1: Sample path for unemployment, constant UI versus procyclical UI and counter-
cyclical UI
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Note: The figure shows sample paths for the unemployment rate, u, in the benchmark case of constant UI across the

business cycle (dashed line), in the case of procyclical UI (full line; φz = 1.76), and in the case of countercyclical UI

(dotted line; φz = −1.00).
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2.5 Robustness and extensions

In this section various robustness checks and extensions are investigated.

2.5.1 Alternative public budget requirement

In the analysis above the public budget was not allowed to act as a buffer. However, an

important argument in favor of UI is that it works as an automatic stabilizer. Therefore, this

section allows the public budget to balance only on average.18

The results are presented in Tables 2.4 and 2.5 in Appendix 2.C.1. They show that allowing

the public budget to balance only on average does not change the qualitative results, i.e., both

procyclical and countercyclical UI benefits can increase welfare, and procyclical unemployment

benefits (φz = 1.75) still yield the largest welfare gains. However, the maximum attainable

mean welfare gain across individuals is almost 50% lower than when the public budget always

balances. The reason is that under a balance budget requirement the tax increase (decrease)

counteracts the increase (decrease) in unemployment benefits and, thus, wages. With procycli-

cal UI benefits, consumers no longer gain in bad periods from a low tax or suffer in good periods

from a higher tax – the former turns out to be dominant. For the same reasons the welfare

gains from countercyclical benefits are larger when the public budget only balances over time.

Hence, as is well-known in the literature, requiring the public budget to balance each period

works in favor of procyclical UI generosity, see e.g. Andersen & Svarer (2011b).

The optimal procyclical UI scheme implies that the public budget deficit is also procyclical

(0.0025 on average across good states and −0.0025 across bad states), i.e., UI expenditures are

higher in good states than in bad states, since the increase in the benefit level dominates the

decrease in the number of unemployed workers when moving from a bad to a good state.

2.5.2 Unemployment dependent UI benefits

In practice, it seems easier to implement a scheme where UI benefits are conditioned on the

unemployment level. Thus, the level of unemployment benefits is determined from

h = h+ φu
u− ū
ū

where ū is the mean unemployment level. Note that the interpretation of φu is now a bit more

complicated19 since changing φu will also change ū. As opposed to the interpretation of φz, a

positive (negative) φu implies counter(pro)-cyclical benefits.

18To be more precise, the tax now solves T = 0.5
[
uhg + uhb

]
, where uhž is the average of u · h in periods

with z = ž, and 0.5 is the unconditional probability of each state. Thus, the tax is now constant over time, and
for simplicity we abstract from debt dynamics, i.e., in this sense we take a partial approach.

19To solve this, ū could be replaced by the unemployment level in steady state. However, this specification
would imply that in general the average h is no longer h̄, and therefore it would be a different kind of experiment.
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The results are presented in Tables 2.6 and 2.7 (budget balance) and Tables 2.8 and 2.9

(budget balances only on average) in Appendix 2.C.2. Again, we find that both procyclical and

countercyclical benefits can increase welfare.

In the case of budget balance, procyclical benefits are optimal, as the welfare gain is max-

imized for φu = −5.00 with a mean welfare gain of 0.0101% of consumption. However, even

though UI benefits are 1.79% higher across good times than on average across the business cy-

cle, the (average) replacement ratio is 0.21% lower. Hence, the procyclicality of the UI benefits

is not strong enough to revert the countercyclicality of the (average) replacement ratio due to

procyclical wages.

Furthermore, when the public budget is allowed to work as a buffer, the welfare gain is

maximized in case of countercyclical benefits (φu = 1.20) with a mean welfare gain of 0.0085% of

consumption. This UI scheme implies that the public budget deficit is countercyclical (−0.0013

on average across good states and 0.0013 across bad states), UI benefits are 0.94% lower across

good times than on average across the business cycle and the (average) replacement ratio is

3.09% lower. Thus, conditioning UI on unemployment instead of productivity actually alters

the choice between pro- and countercyclical UI.

Overall we find that unemployment dependent UI yields much higher welfare gains than

UI conditioned on productivity. This is not surprising since the latter (in our model) restricts

UI benefits to jump between two levels only, whereas the former allows UI benefits to differ

between, say, mild and deep recessions. However, combined with the fact that it is easier,

in practice, to condition UI on the unemployment rate, it is somewhat surprising that the

approach of conditioning UI directly on unemployment, to the author’s knowledge, is new to

the literature.20

2.5.3 UI benefits depending on lagged productivity

In reality, statistics on the position of the business cycle always become available with a certain

lag. Therefore, this section studies the consequences of conditioning UI benefits on lagged

productivity, instead of current productivity, i.e.,

h = h+ φz−1

z−1 − z−1

z−1

where z−1 is previous period’s productivity, and z−1 is mean lagged productivity.21 To solve

the model we need to include z−1 as an additional state variable.

20Kroft & Notowidigdo (2011) estimate how the moral hazard cost and the consumption smoothing gain of
UI vary with the unemployment rate. They find that a one standard deviation increase in the unemployment
rate increases the optimal replacement rate by 14 to 27 percentage points.

21The mean lagged productivity is calculated as z−1 = 0.5
(
zg−1 + zb−1

)
where zg−1 is the average of lagged

productivity across good periods (high current level productivity), and similar for zb−1 across bad periods.

Again, this ensures that mean unemployment benefits are still h.
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The results are presented in Tables 2.10 and 2.11 (budget balance) and Tables 2.12 and 2.13

(budget balances only on average) in Appendix 2.C.3. Not surprisingly, both procyclical and

countercyclical benefits can increase welfare.

With budget balance, procyclical UI benefits are optimal, as the welfare gain is maximized

for φz−1 = 1.25 with a mean welfare gain of 0.0012% of consumption. Here, benefits are

2.21% higher across good times than on average across the business cycle, but the (average)

replacement ratio is only 0.17% higher. In this case, there is no negative value of φz−1 delivering

a positive welfare gain compared to invariant benefits.

Again we find that when the public budget is allowed to work as a buffer, the welfare

gain is maximized in case of countercyclical benefits (φz−1 = −4.00) with a mean welfare

gain of 0.0014% of consumption. This UI scheme implies that the public budget deficit is

countercyclical (−0.0066 on average across good states and 0.0066 across bad states), UI benefits

are 7.06% lower across good times than on average across the business cycle and the (average)

replacement ratio is 9.57% lower.

Hence, conditioning UI benefits on lagged productivity results in the same qualitative con-

clusions as unemployment dependent UI. The reason is that the distribution of asset holdings

and employment statuses is determined in the previous period, i.e., it depends on productivity

in the previous period, cf. (2.1) and (2.2), and therefore lagged productivity matters more for

the status of the economic agents than current productivity. Recall that in the benchmark the

correlation between current productivity and unemployment is corr (z, u) = −0.82, whereas

the correlation between lagged productivity and unemployment is corr (z−1, u) = −0.94.

2.5.4 Distortionary taxation

So far we assumed that the UI scheme was financed through non-distortionary lump-sum tax-

ation. This section considers the effects of business cycle dependent UI, when benefits are

financed through a distortionary payroll tax levied on the firms. In particular, the instanta-

neous profit is now

π̃ (w; z, S) ≡ max
k
{zF (k)− r (z, S) k − w (1 + τ)}

where τ is the proportional payroll tax, which distorts vacancy creation, and the equilibrium

profit is thus

π (a; z, S) ≡ zF
(
k̃
)
− r (z, S) k̃ − ω (a; z, S) (1 + τ) .

For the public budget to balance we require∫
τω (a; z, S) fe (a;S) da = uh

to hold in each period.
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The results are presented in Tables 2.14 and 2.15 (budget balance) and Tables 2.16 and 2.17

(budget balances only on average) in Appendix 2.C.4. They show that the distortionary payroll

tax does not change the main conclusion: both procyclical and countercyclical UI benefits can

be welfare improving. However, the welfare gains are much larger than when the UI scheme is

financed by a lump-sum tax.

In the case of budget balance, procyclical benefits are optimal, as the welfare gain is max-

imized for φz = 0.50 with a mean welfare gain of 0.0048% of consumption. However, even

though UI benefits are 1.01% higher across good times than on average across the business cy-

cle, the (average) replacement ratio is 1.09% lower. Again, the procyclicality of the UI benefits

is not strong enough to revert the countercyclicality of the (average) replacement ratio due to

procyclical wages.

When the public budget is allowed to work as a buffer, the welfare gain is maximized in

case of procyclical benefits (φz = 1.00) with a mean welfare gain of 0.0199% of consumption,

i.e., more than ten times larger than with lump-sum taxation. Also in this case, the (average)

replacement ratio is 0.05% lower across good times than on average across the business cycle,

even though UI benefits are 2.02% higher. Hence, the government’s choice of how to finance

the UI scheme is important for the effects of business cycle dependent UI.

2.5.5 Cross-sectional inequality

A potentially important shortcoming of the model framework and calibration considered so far

is the lack of substantial cross-sectional inequality, which may be important for the effects of

unemployment insurance. As mentioned above, the Gini coefficient for wealth is 0.3153 with

the standard calibration, whereas it is 0.801 in the US data according to Davies, Sandström,

Shorrocks, & Wolff (2010). In this section, we therefore discuss possible calibration routes to

increase the degree of wealth inequality in the model.

One possibility in this model would be to lower the overall UI level, h, and in this way

make the unemployed worse off. However, as explained below a large decrease in the overall

UI level would lead to a strengthened precautionary savings motive, and therefore both the

employed and the unemployed would save even more, in order to smooth consumption in case

of a negative shock to the employment status. In fact, the effect is so strong that the Gini

coefficient for wealth drops in response to a decrease in the overall UI level.

An alternative method is to consider a higher job separation rate, σ, which would increase

the unemployment rate. However, as the probability of being hit by a negative employment

shock increases for all individuals, they will (as above) respond by increasing their precautionary

savings, leading to less (and not more) wealth inequality.

Yet another alternative is a decrease in the effectiveness of the matching process, χ. This

change will increase the average duration of an unemployment spell, since job finding is now
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harder. Therefore, the consumers will on average experience a longer period of unemployment,

where they bring down their stock of savings. However, again it turns out that consumers are

able to to build up a larger savings buffer in expectation of more dire consequences of being hit

by a negative employment shock, implying that wealth inequality does not rise.

2.5.6 Alternative calibration

Like Krusell et al. (2010) we also consider a different calibration strategy inspired by Hagedorn

& Manovskii (2008), who showed that the Diamond-Mortensen-Pissarides model is consistent

with key business cycle facts, in particular it matches the empirically observed volatility of

unemployment, vacancies, and the ratio between the two at business cycle frequencies, if us-

ing an alternative calibration strategy than Shimer (2005). In particular, the value of being

unemployed is now much closer to the value of being employed since h will be much larger.

Furthermore, the bargaining power γ will be much smaller, effectively implying that wages are

less responsive to productivity shocks.

The vacancy cost is set to ξ = 2.165 which is approximately 60% of the average labor

productivity in the model. Following Hagedorn & Manovskii (2008) the bargaining power is set

to γ = 0.052. The matching function is M (u, v) = uv

(ul+vl)
1/l . With θ = 0.7 and a job-finding

rate of 0.592 as calibration targets we get l = 2.2. Finally, h̄ = 2.29 implies that θ = 0.7

satisfies the free-entry condition. Therefore, the replacement ratio turns out to be very high,

approximately 95%, and the interpretation of the value of non-market activities h must now

cover much more than just UI, e.g. home production and self employment.22

The summary statistics for the benchmark model are found in Table 2.18 in Appendix 2.C.5.

It shows that unemployment volatility is now much higher, whereas wages are fairly rigid.

The results are presented in Tables 2.19 and 2.20 (budget balance) and Tables 2.21 and 2.22

(budget balances only on average) in Appendix 2.C.5. They show that using an alternative

calibration strategy does not change the overall conclusion: unemployment benefits should be

procyclical when conditioning on productivity. But the welfare gains are much larger since

unemployment is much more volatile with the Hagedorn-Manovskii calibration, whereas the

wages are fairly rigid. In fact, the welfare gains are almost two orders of magnitude larger than

with the standard calibration. Again we find that requiring the public budget to balance each

period works in favor of procyclical UI since the welfare gains from procyclical UI are higher in

Table 2.19 than in Table 2.21.

22In particular, h = hUI + hnon-UI, where only hUI is tax financed via (2.8). We let hnon-UI =
1.30 (= 2.29− 0.99), and hUI is determined from (2.10) with h̄UI = 0.99. Alternatively (but less realistic),
it could be assumed that all income from non-market activities must be financed via taxes. It turns out that
this experiment delivers exactly the same qualitative results.
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Furthermore, countercyclical UI benefits are no longer welfare improving. The reason is

that wages are much less volatile compared to the standard calibration, and therefore there are

only small gains from stabilizing wages (and thus consumption). These gains are dominated

by the very strong countercyclicality of the distortionary effects of UI (on job creation).

Note, however, that the interpretation of changing h over the business cycle is less clear

with this calibration since the welfare calculations implicitly assume that changing UI does not

affect the other determinants of the value of non-market activities, which is probably not a

realistic assumption. Furthermore, unemployment is now too responsive to changes in UI.23

Hence, the two calibrations considered so far exhibit the puzzle pointed out by Costain

& Reiter (2008), i.e., either it underpredicts unemployment volatility over the business cycle

(for parameter values resulting in a large match surplus), or it overpredicts the response of

unemployment to changes in UI benefits (for parameter values resulting in a low match surplus).

One way to solve this problem is to introduce sticky wages, which we turn to next.24

2.5.7 Rigid wages

Assuming that wages are rigid makes the match surplus more responsive to productivity shocks,

and therefore vacancy creation becomes more volatile, cf. Shimer (2004) and Hall (2005).

Therefore, in this section we return to our standard (Shimer) calibration, which does not suffer

from unrealistically large responses to UI policies, but we will add the assumption that wages

are non-responsive to changes in the business cycle situation and temporary changes in the

UI level, i.e., wages are no longer determined through Nash bargaining.25 Since the policy

experiment analyzed throughout this paper does not change the average UI level, we are not

assuming that wages are unresponsive to the overall UI level, which of course is an unrealistic

assumption, but only that wages do not respond to temporary changes in the UI level.

The unresponsiveness of wages to temporary changes in the UI level is also present in

several other theoretical studies of business cycle dependent unemployment insurance, see e.g.

Andersen & Svarer (2010) and Landais et al. (2010).

The summary statistics for the benchmark model are found in Table 2.23 in Appendix 2.C.6.

As expected, volatility is now much larger for unemployment and especially the vacancy rate

and the v-u ratio. The replacement ratio is now slightly procyclical in the benchmark since

wages and benefits are acyclical whereas taxes are countercyclical.

23Calculations show that in the model without aggregate shocks (see Krusell et al. (2010) for details) unem-
ployment increases with 0.16% when benefits are increased by 1% for the standard (Shimer) calibration. This
figure is 14% for the alternative (Hagedorn-Manovskii) calibration.

24Another solution would be to introduce match-specific productivity shocks, which is beyond the scope of
this paper.

25In particular, we fix the wage at ω (a) = ω̄ = 2.45 ∀a in all periods. I have tried other levels of ω̄, which
deliver similar conclusions.
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The results are presented in Tables 2.24 and 2.25 (budget balance) and Tables 2.26 and 2.27

(budget balances only on average) in Appendix 2.C.6.

We see that with rigid wages countercyclical UI benefits always dominate procyclical bene-

fits. This is not surprising as the main effect working in favor of procyclical UI benefits is no

longer present, i.e., the countercyclicality of the distortionary effects of UI on vacancy creation.

With budget balance the welfare gain is maximized when moving to an economy with φz = −7,

yielding a mean welfare gain of 0.0003% of consumption. In this case UI benefits are 14.14%

lower across good times than on average over the business cycle, and the (average) replacement

ratio is 14.23% lower.

When the public budget only balances on average, only countercyclical UI benefits are

welfare improving, and the optimal (linear) policy is rather extreme, as the welfare gain is

maximized with φz = −45, yielding a mean welfare gain of 0.0621% of consumption. The un-

employed workers with a binding borrowing constraint suffer greatly from this policy, especially

in good times where their income, and thus consumption, is cut drastically. However, these

consumers constitute a very small fraction of the population, and therefore the average welfare

gain is still positive. With this policy, UI benefits are almost 91% lower in good times than on

average over the business cycle, and the replacement ratio is almost 97% lower.

Hence, the responsiveness of wages to temporary changes in UI is crucial when determining

the optimal UI policy over the business cycle. This point is emphasized in this paper, where

the standard calibration with fixed wages and the alternative (Hagedorn-Manovskii) calibration

perform similarly well in explaining key business cycle facts, but lead to completely opposite

conclusions in the choice between countercyclical and procyclical UI. It is clear that the dif-

ferences in wage determination across previous theoretical studies may, in part, explain the

different conclusions they reach.

2.5.8 Importance of savings

Since an important contribution of the present paper is to investigate business cycle dependent

UI in a framework allowing for savings and wealth heterogeneity, it is relevant to compare

the results from above to the similar results in a model without savings. Hence, we consider a

simplified version of the model where consumers always spend their current income (exogenously

imposed), i.e., they have no savings and zero wealth. For production not to collapse to zero we

assume that there is a constant capital stock per job, which, for example, could be owned by

foreign agents.

As pointed out in the introduction, Abdulkadiroğlu et al. (2002) show that allowing for sav-

ings has important consequences for the optimal UI design. The same is true in this framework.

To illustrate this, we first consider the optimal level of UI in the case of invariant benefits, i.e.,

we find the optimal h̄ given φz = 0. In the steady state version of the model, Krusell et al.
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(2010) find that the average welfare gain is maximized with h̄ ≈ 0.30. Similarly, in the model

with aggregate shocks we find that the optimal h̄ is 0.23, which corresponds to an average

replacement ratio of around 10%, i.e., much lower than the current US level. The reason is that

a low degree of insurance generates substantial precautionary savings, which lead to a much

larger capital stock. On the other hand, the optimal h̄ is 1.50 in the model without savings,

corresponding to an average replacement ratio of around 58%, i.e., higher than the current US

level. Thus, the possibility for consumers to save is an important determinant of the optimal

UI level.

Similarly, the possibility of savings is important when considering business cycle dependent

UI. It turns out that the same basic mechanisms are at play in the model without savings: Pro-

cyclical UI lowers structural unemployment due to countercyclical distortions, whereas coun-

tercyclical UI facilitates consumption smoothing. However, the welfare gain is now strictly

concave in φz, i.e., procyclical and countercyclical UI cannot be beneficial at the same time.

With the standard (Shimer) calibration we find that the consumption smoothing mechanism

is always dominating, i.e., only countercyclical UI benefits deliver positive welfare gains relative

to invariant benefits. This holds for both public budget requirements. With the alternative

(Hagedorn-Manovskii) calibration, however, the countercyclical UI distortions are always dom-

inating, i.e., only procyclical UI benefits are welfare improving. The reason is that vacancy

creation reacts strongly to changes in the UI scheme with the alternative calibration, as shown

in Section 2.5.6, i.e., the distortionary effects of UI are very strong. Thus, the chosen calibration

strategy is crucial for the optimal cyclicality of UI benefits. This finding is in line with previous

work by Moyen & Stähler (2009) who calibrate their model to both US and European data and

find that UI entitlement duration should be countercyclical in the US, where the consumption

smoothing effect dominates the negative labor market effects, but not in Europe.

For the standard calibration the maximum attainable average welfare gain is 0.0003% (φz =

−0.5) with budget balance and 0.0024% (φz = −1) when the public budget balances on average.

For the alternative calibration the maximum attainable average welfare gains are 0.1591%

(budget balance; φz = 5) and 0.1243% (budget balances on average; φz = 1). Hence, it is

important to explicitly allow for precautionary savings when quantifying the effects of cyclical

UI.

2.6 Concluding remarks

This paper considers the effects and optimality of business cycle dependent unemployment ben-

efits in a dynamic general equilibrium model with labor market matching, wealth heterogeneity,

precautionary savings, and aggregate fluctuations in productivity. Our results suggest that wel-

fare gains can be achieved by both procyclical and countercyclical UI benefits. Procyclical UI
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benefits can increase welfare as the distortionary effects of UI (on job creation) are counter-

cyclical, and therefore the employment process is stabilized. On the other hand, countercyclical

UI benefits can increase welfare as wages are stabilized, consumption smoothing is facilitated

and mean consumption is increased, i.e., the labor income process is stabilized. The non-linear

relationship between these two opposing effects is what causes the ambiguous results.

The generosity of the UI scheme should be procyclical when conditioning benefits on (cur-

rent) productivity. This result is robust to changing the public budget requirement and the

chosen calibration strategy. The chosen calibration strategy is very important when quanti-

fying the welfare gains from procyclical UI benefits compared to invariant benefits. However,

UI generosity should be countercyclical when conditioning benefits on the unemployment level

or lagged productivity and allowing the public budget to balance only on average, and when

wages are completely rigid.

One important argument in favor of countercyclical UI is that it strengthens the automatic

stabilizers. In this model, however, there is only a very weak transmission channel from ’ag-

gregate demand’ to the supply side. It would thus be interesting for further research to extend

the model to allow for a stronger aggregate demand channel, e.g. by incorporating nominal

rigidities. In this spirit, Ravn & Sterk (2013) show that the joint presence of matching fric-

tions, incomplete asset markets, and nominal rigidities may help to explain the amplification

mechanism, which has caused the Great Recession. However, with fully flexible prices this

mechanism is weak. Furthermore, long-term unemployment is crucial for the result. Hence, a

model extended in these directions may emphasize the welfare gains from countercyclical UI,

and the demand stabilization may partly remove the incentive for precuationary savings.

The moral hazards caused by providing unemployment insurance play no role on the worker

side in this paper since search effort and labor supply are both exogenous. This is also the case

in e.g. Costain & Reiter (2005) and Moyen & Stähler (2009). Although this is an important

omission, we argue that the present model is still relevant for analyzing UI schemes since we do

account for important distortions on the firm side. However, it would be interesting to see how

the conclusions are altered when allowing for endogenously determined search effort and/or

labor supply. If the distortionary effects of UI on search effort is procyclical as suggested by

previous studies, see e.g. Andersen & Svarer (2010), this extension of the model is likely to

work in favor of countercyclical UI generosity.
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Appendices

2.A Resource balance condition

This appendix shows that the resource balance condition (goods-market clearing condition)

ĉ+
[
k̂′ − (1− δ) k̂

]
= zF

(
k̃
)

(1− u)− ξv (2.11)

is fulfilled, i.e., private consumption plus investments equal aggregate output (net of aggregated

vacancy costs), where ĉ is aggregate private consumption

ĉ ≡
∫
ce (a; z, S) fe (a;S) da+

∫
cu (a; z, S) fu (a;S) da

and

ce (a; z, S) ≡ a+ ω (a; z, S)− T −Qg (z, S)ψeg (a; z, S)−Qb (z, S)ψeb (a; z, S) (2.12)

cu (a; z, S) ≡ a+ h− T −Qg (z, S)ψug (a; z, S)−Qb (z, S)ψub (a; z, S) . (2.13)

The proof follows the idea of Krusell et al. (2010) but allows unemployment benefits to be fi-

nanced internally (via taxes). Integrating (2.12) and (2.13) over all asset holdings and summing

up yields

ĉ =

∫
afe (a;S) da+

∫
afu (a;S) da+

∫
ω (a; z, S) fe (a;S) da+ hu− T (1− u)− Tu

−Qg (z, S)

[∫
ψeg (a; z, S) fe (a;S) da+

∫
ψug (a; z, S) fu (a;S) da

]
−Qb (z, S)

[∫
ψeb (a; z, S) fe (a;S) da+

∫
ψub (a; z, S) fu (a;S) da

]
(2.14)

since
∫
fe (a;S) da = (1− u) and

∫
fu (a;S) da = u.

Firstly, consider the terms
∫
afe (a;S) da+

∫
afu (a;S) da. Assuming that the decision rules

for a′ are increasing in a, the law of motion for the asset distribution can be calculated as∫ a′

a

fe (ã;S ′) dã = λw

∫ (ψuz′)
−1

(a′;z,S)

a

fu (a;S) da+ (1− σ)

∫ (ψez′)
−1

(a′;z,S)

a

fe (a;S) da
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∫ a′

a

fu (ã;S ′) dã = (1− λw)

∫ (ψuz′)
−1

(a′;z,S)

a

fu (a;S) da+ σ

∫ (ψez′)
−1

(a′;z,S)

a

fe (a;S) da

where (ψuz′)
−1 (a′; z, S) denotes the inverse of the decision rule, i.e., the value of a that satisfies

a′ = ψuz′ (a; z, S), and similarly for (ψez′)
−1 (a′; z, S). Differentiating the upper equation with

respect to a′ gives

fe (a′;S ′) = λwρu (a′; z, S) fu
(
(ψuz′)

−1 (a′; z, S) ;S
)

+ (1− σ) ρe (a′; z, S) fe
(
(ψez′)

−1 (a′; z, S) ;S
)

applying Leibniz’s rule, where

ρu (a′; z, S) ≡ d (ψuz′)
−1 (a′; z, S)

da′

ρe (a′; z, S) ≡ d (ψez′)
−1 (a′; z, S)

da′
.

Multiplying this expression by a′ and integrating yields∫
a′fe (a′;S ′) da′ = λw

∫
a′ρu (a′; z, S) fu

(
(ψuz′)

−1 (a′; z, S) ;S
)
da′

+ (1− σ)

∫
a′ρe (a′; z, S) fe

(
(ψez′)

−1 (a′; z, S) ;S
)
da′.

Changing variables on the right-hand side using a′ = ψuz′ (a; z, S) implying a = (ψuz′)
−1 (a′; z, S)

in the first term, and a′ = ψez′ (a; z, S) implying a = (ψez′)
−1 (a′; z, S) in the second term, yields∫

a′fe (a′;S ′) da′ = λw

∫
ψuz′ (a; z, S) ρu (ψuz′ (a; z, S) ; z, S) fu (a;S)

dψuz′ (a; z, S)

da
da

+ (1− σ)

∫
ψez′ (a; z, S) ρe (ψez′ (a; z, S) z, S) fe (a;S)

dψez′ (a; z, S)

da
da

= λw

∫
ψuz′ (a; z, S) fu (a;S) da+ (1− σ)

∫
ψez′ (a; z, S) fe (a;S) da

where the last step uses the definitions of ρu (·) and ρe (·).
Similarly, using the law of motion for the asset distribution of the unemployed workers, it

can be shown that∫
a′fu (a′;S ′) da′ = (1− λw)

∫
ψuz′ (a; z, S) fu (a;S) da+ σ

∫
ψez′ (a; z, S) fe (a;S) da.

Summing up yields∫
a′fe (a′;S ′) da′ +

∫
a′fu (a′;S ′) da′ =

∫
ψuz′ (a; z, S) fu (a;S) da+

∫
ψez′ (a; z, S) fe (a;S) da

= (1− δ + r (z′, S ′)) k̂′ + p (z′, S ′) + d (z′, S ′)

using the asset market clearing condition (2.7), and lagging this expression one period gives∫
afe (a;S) da+

∫
afu (a;S) da = (1− δ + r (z, S)) k̂ + p (z, S) + d (z, S) . (2.15)
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Secondly, using the equilibrium profit (2.5) in the dividend expression (2.6) yields

d (z, S) =

∫ [
zF
(
k̃
)
− r (z, S) k̃ − ω (a; z, S)

]
fe (a;S) da− ξv

= zF
(
k̃
)

(1− u)− r (z, S) k̂ −
∫
ω (a; z, S) fe (a;S) da− ξv (2.16)

using
∫
fe (a;S) da = (1− u) and k̃ = k̂/ (1− u).

Thirdly, using the public budget requirement (2.8) we have

hu− T = 0. (2.17)

Fourthly, using the asset market clearing condition (2.7) we have

Qg (z, S)

[∫
ψeg (a; z, S) fe (a;S) da+

∫
ψug (a; z, S) fu (a;S) da

]
+

Qb (z, S)

[∫
ψeb (a; z, S) fe (a;S) da+

∫
ψub (a; z, S) fu (a;S) da

]
= Qg (z, S)

[
(1− δ + r (g, S ′)) k̂′ + p (g, S ′) + d (g, S ′)

]
+

Qb (z, S)
[
(1− δ + r (b, S ′)) k̂′ + p (b, S ′) + d (b, S ′)

]
= k̂′ + p (z, S) (2.18)

where the last step uses the no-arbitrage conditions (2.3) and (2.4).

Finally, we obtain (2.11) by inserting (2.15), (2.16), (2.17), and (2.18) in (2.14).

2.B Law of motion and prediction rules

This appendix shows the forecasting and prediction rules used by the bounded rational agents

(with the standard Shimer calibration). The law of motion for the aggregate capital stock is

log k̂′ = 0.0645 + 0.9827 log k̂ − 0.0033 log u+ 0.0451 log z
(
R2 = 0.9999995

)
and the prediction rules for the other aggregate variables are

log θ = −2.1097 + 0.5070 log k̂ + 0.0071 log u+ 1.3913 log z
(
R2 = 0.9999834

)
log (p+ d) = −1.8831 + 0.3923 log k̂ − 0.0545 log u+ 1.0510 log z

(
R2 = 0.9999993

)
logQg = −0.6803− 5.0218 log Q̃g + 0.0628 log k̂ + 0.0016 log u

(
R2 = 0.9999260

)
logQb = 0.6134 + 6.5404 log Q̃b − 0.0555 log k̂ − 0.0014 log u

(
R2 = 0.9999217

)
where Q̃z ≡ πzz/

(
1− δ + r

(
z, k̂′, u′

))
for z = {g, b}. k̂′ is calculated from the law of motion

above, whereas u′ is calculated from (2.1).
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2.C Robustness and extensions

2.C.1 Alternative public budget requirement

Table 2.4: Welfare consequences of different degrees of cyclicality in UI benefits – public budget
balances on average

φz z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−10.00 g -0.0499 -0.0864 -0.0469 -0.2710 -0.1209 0.50 0.00 0.55
−10.00 b 0.0261 0.0641 0.0230 0.1788 0.0629 96.71 99.99 96.44
−10.00 mean -0.0119 -0.0111 -0.0120 -0.0461 -0.0290 0.00 0.00 0.00
−5.00 g -0.0204 -0.0387 -0.0189 -0.1227 -0.0526 1.08 0.01 1.17
−5.00 b 0.0176 0.0365 0.0160 0.0986 0.0376 99.16 �100.00 99.09
−5.00 mean -0.0014 -0.0011 -0.0015 -0.0121 -0.0075 17.41 22.71 16.97
−1.00 g -0.0033 -0.0070 -0.0030 -0.0228 -0.0095 2.58 0.03 2.79
−1.00 b 0.0047 0.0085 0.0044 0.0220 0.0092 99.94 100.00 99.94
−1.00 mean 0.0007 0.0007 0.0007 -0.0004 -0.0001 99.93 99.88 99.94

1.00 g 0.0050 0.0086 0.0047 0.0230 0.0104 99.85 �100.00 99.84
1.00 b -0.0030 -0.0068 -0.0027 -0.0214 -0.0079 1.13 0.00 1.22
1.00 mean 0.0010 0.0009 0.0010 0.0008 0.0012 100.00 100.00 100.00
1.75 g 0.0078 0.0142 0.0073 0.0391 0.0172 99.62 �100.00 99.59
1.75 b -0.0057 -0.0122 -0.0051 -0.0377 -0.0140 0.81 0.00 0.87
1.75 mean 0.0011 0.0010 0.0011 0.0007 0.0016 99.90 99.80 99.91
5.00 g 0.0193 0.0378 0.0178 0.1077 0.0473 97.75 99.96 97.57
5.00 b -0.0190 -0.0378 -0.0175 -0.1175 -0.0469 1.06 0.00 1.15
5.00 mean 0.0001 0.0000 0.0002 -0.0049 0.0002 62.04 58.21 62.36

10.00 g 0.0358 0.0732 0.0327 0.2024 0.0882 95.80 99.82 95.46
10.00 b -0.0418 -0.0792 -0.0387 -0.2597 -0.1071 1.06 0.01 1.15
10.00 mean -0.0030 -0.0030 -0.0030 -0.0286 -0.0094 0.00 0.00 0.00

Note: The table shows the welfare gains from moving the agents from an economy with constant UI
benefits to an economy with cyclically dependent benefits and slope parameter φz. uC and eC denote
the unemployed and employed, respectively, with a binding borrowing constraint. g is a good state,
b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
�: Rounded to 100.00%. φz = 1.75 is the level that maximizes the mean welfare gain.
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Table 2.5: Averages of key economic variables – public budget balances on average

φz z u (%) v θ k̄ w̄ h T RR p d ŷ
−1.00 g 7.6195 0.0796 1.0446 67.213 2.5299 0.9700 0.0761 0.3643 0.9310 0.0074 3.3675
−1.00 b 7.7517 0.0746 0.9628 66.657 2.4334 1.0100 0.0761 0.3962 0.8810 0.0009 3.2250
−1.00 mean 7.6856 0.0771 1.0037 66.935 2.4816 0.9900 0.0761 0.3802 0.9060 0.0042 3.2963

0.00 g 7.6364 0.0789 1.0338 67.233 2.5317 0.9900 0.0761 0.3722 0.9247 0.0065 3.3677
0.00 b 7.7333 0.0753 0.9738 66.665 2.4319 0.9900 0.0761 0.3880 0.8874 0.0018 3.2252
0.00 mean 7.6849 0.0771 1.0038 66.949 2.4818 0.9900 0.0761 0.3801 0.9061 0.0042 3.2965
1.75 g 7.6667 0.0778 1.0150 67.265 2.5347 1.0250 0.0761 0.3860 0.9135 0.0048 3.3680
1.75 b 7.7017 0.0765 0.9930 66.676 2.4293 0.9550 0.0761 0.3735 0.8987 0.0035 3.2255
1.75 mean 7.6842 0.0771 1.0040 66.971 2.4820 0.9900 0.0761 0.3797 0.9061 0.0041 3.2968
5.00 g 7.7253 0.0757 0.9799 67.317 2.5404 1.0900 0.0761 0.4114 0.8929 0.0017 3.3684
5.00 b 7.6454 0.0786 1.0287 66.686 2.4244 0.8900 0.0761 0.3466 0.9198 0.0066 3.2259
5.00 mean 7.6853 0.0772 1.0043 67.002 2.4824 0.9900 0.0761 0.3790 0.9063 0.0041 3.2972

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h−T

w̄−T
is the average replacement ratio. The aggregate output is ŷ ≡ zF (k̃) (1 − u) − ξv. φz = 1.75 is the level that
maximizes the mean welfare gain.

2.C.2 Unemployment dependent UI benefits

Table 2.6: Welfare consequences of different degrees of cyclicality in UI benefits – unemploy-
ment dependent UI, budget balance

φu z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−5.00 g 0.0111 0.0146 0.0108 0.0252 0.0139 �100.00 �100.00 100.00
−5.00 b 0.0090 0.0054 0.0094 -0.0095 0.0041 99.98 99.75 100.00
−5.00 mean 0.0101 0.0100 0.0101 0.0079 0.0090 100.00 100.00 100.00
−1.00 g 0.0041 0.0052 0.0040 0.0087 0.0052 �100.00 �100.00 100.00
−1.00 b 0.0043 0.0032 0.0044 -0.0010 0.0031 �100.00 99.97 100.00
−1.00 mean 0.0042 0.0042 0.0042 0.0039 0.0042 100.00 100.00 100.00

1.00 g 0.0025 0.0010 0.0027 -0.0051 0.0005 98.53 80.73 �100.00
1.00 b 0.0044 0.0059 0.0042 0.0111 0.0061 �100.00 �100.00 100.00
1.00 mean 0.0035 0.0035 0.0034 0.0030 0.0033 100.00 100.00 100.00

Note: The table shows the welfare gains from moving the agents from an economy with constant
UI benefits to an economy with cyclically dependent benefits and slope parameter φu. uC and
eC denote the unemployed and employed, respectively, with a binding borrowing constraint. g is
a good state, b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
� Rounded to 100.00%. φu = −5.00 is the level that maximizes the mean welfare gain.
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Table 2.7: Averages of key economic variables – unemployment dependent UI, budget balance

φu z u (%) v θ k̂ w̄ h T RR p d ŷ
−5.00 g 7.6569 0.0782 1.0209 67.236 2.5318 1.0077 0.0772 0.3791 0.9172 0.0069 3.3677
−5.00 b 7.7113 0.0761 0.9871 66.666 2.4319 0.9723 0.0750 0.3807 0.8935 0.0013 3.2253
−5.00 mean 7.6841 0.0771 1.0040 66.951 2.4819 0.9900 0.0761 0.3799 0.9054 0.0041 3.2965
−1.00 g 7.6427 0.0787 1.0299 67.239 2.5318 0.9954 0.0761 0.3744 0.9226 0.0066 3.3678
−1.00 b 7.7264 0.0756 0.9779 66.669 2.4319 0.9846 0.0761 0.3856 0.8895 0.0016 3.2253
−1.00 mean 7.6845 0.0771 1.0039 66.954 2.4819 0.9900 0.0761 0.3800 0.9060 0.0041 3.2966

0.00 g 7.6364 0.0790 1.0339 67.240 2.5317 0.9900 0.0756 0.3723 0.9248 0.0065 3.3678
0.00 b 7.7333 0.0753 0.9738 66.671 2.4320 0.9900 0.0766 0.3878 0.8875 0.0018 3.2253
0.00 mean 7.6848 0.0771 1.0038 66.956 2.4819 0.9900 0.0761 0.3801 0.9061 0.0042 3.2966
1.00 g 7.6278 0.0793 1.0394 67.238 2.5317 0.9825 0.0749 0.3694 0.9278 0.0063 3.3679
1.00 b 7.7427 0.0750 0.9682 66.669 2.4319 0.9975 0.0772 0.3908 0.8849 0.0021 3.2252
1.00 mean 7.6853 0.0771 1.0038 66.954 2.4818 0.9900 0.0761 0.3801 0.9063 0.0042 3.2965

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h−T

w̄−T
is the average replacement ratio. The aggregate output is ŷ ≡ zF (k̃) (1 − u) − ξv. φu = −5.00 is the level that
maximizes the mean welfare gain.

Table 2.8: Welfare consequences of different degrees of cyclicality in UI benefits – unemploy-
ment dependent UI, public budget balances on average

φu z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−5.00 g 0.0042 0.0078 0.0039 0.0213 0.0094 81.13 88.71 80.51
−5.00 b -0.0091 -0.0129 -0.0088 -0.0317 -0.0170 3.57 3.97 3.54
−5.00 mean -0.0024 -0.0025 -0.0024 -0.0052 -0.0038 0.00 0.00 0.00
−1.00 g 0.0025 0.0037 0.0025 0.0082 0.0045 98.29 97.30 98.38
−1.00 b -0.0009 -0.0021 -0.0008 -0.0074 -0.0030 21.64 11.21 22.52
−1.00 mean 0.0008 0.0008 0.0008 0.0004 0.0008 100.00 100.00 100.00

1.00 g 0.0042 0.0027 0.0043 -0.0052 0.0008 95.49 81.36 96.65
1.00 b 0.0109 0.0125 0.0107 0.0189 0.0135 �100.00 99.99 100.00
1.00 mean 0.0075 0.0076 0.0075 0.0069 0.0072 100.00 100.00 100.00
1.20 g 0.0052 0.0033 0.0054 -0.0062 0.0013 97.94 85.67 98.95
1.20 b 0.0118 0.0138 0.0116 0.0218 0.0150 �100.00 99.99 100.00
1.20 mean 0.0085 0.0085 0.0085 0.0078 0.0081 100.00 100.00 100.00

Note: The table shows the welfare gains from moving the agents from an economy with constant UI
benefits to an economy with cyclically dependent benefits and slope parameter φu. uC and eC de-
notes the unemployed and employed, respectively, with a binding borrowing constraint. g is a good
state, b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
�: Rounded to 100.00%. φu = 1.20 is the level that maximizes the mean welfare gain.
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Table 2.9: Averages of key economic variables – unemployment dependent UI, public budget
balances on average

φu z u (%) v θ k̂ w̄ h T RR p d ŷ
−1.00 g 7.6427 0.0787 1.0299 67.239 2.5318 0.9954 0.0761 0.3744 0.9226 0.0066 3.3678
−1.00 b 7.7264 0.0756 0.9780 66.669 2.4319 0.9846 0.0761 0.3856 0.8895 0.0016 3.2253
−1.00 mean 7.6845 0.0771 1.0039 66.954 2.4819 0.9900 0.0761 0.3800 0.9061 0.0041 3.2965

0.00 g 7.6364 0.0789 1.0338 67.233 2.5317 0.9900 0.0761 0.3722 0.9247 0.0065 3.3677
0.00 b 7.7333 0.0753 0.9738 66.665 2.4319 0.9900 0.0761 0.3880 0.8874 0.0018 3.2252
0.00 mean 7.6849 0.0771 1.0038 66.949 2.4818 0.9900 0.0761 0.3801 0.9061 0.0042 3.2965
1.00 g 7.6280 0.0793 1.0393 67.222 2.5315 0.9825 0.0761 0.3692 0.9277 0.0063 3.3676
1.00 b 7.7429 0.0750 0.9681 66.656 2.4318 0.9975 0.0761 0.3911 0.8848 0.0021 3.2250
1.00 mean 7.6854 0.0771 1.0037 66.939 2.4816 0.9900 0.0761 0.3802 0.9062 0.0042 3.2963
1.20 g 7.6259 0.0794 1.0406 67.219 2.5315 0.9807 0.0761 0.3684 0.9287 0.0062 3.3676
1.20 b 7.7455 0.0749 0.9665 66.653 2.4318 0.9993 0.0761 0.3919 0.8843 0.0021 3.2250
1.20 mean 7.6857 0.0771 1.0036 66.936 2.4816 0.9900 0.0761 0.3802 0.9065 0.0042 3.2963

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h−T

w̄−T
is the average replacement ratio. The aggregate output is ŷ ≡ zF (k̃) (1 − u) − ξv. φu = 1.20 is the level that
maximizes the mean welfare gain.

2.C.3 UI benefits depending on lagged productivity

Table 2.10: Welfare consequences of different degrees of cyclicality in UI benefits – UI depending
on lagged productivity, budget balance

φz−1 z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−1.00 g -0.0015 -0.0049 -0.0012 -0.0167 -0.0048 0.55 5.75 0.11
−1.00 b 0.0008 0.0043 0.0005 0.0159 0.0039 92.68 93.12 92.65
−1.00 mean -0.0004 -0.0003 -0.0004 -0.0004 -0.0004 0.00 0.00 0.00

1.00 g 0.0021 0.0055 0.0019 0.0168 0.0052 99.56 94.26 �100.00
1.00 b -0.0000 -0.0035 0.0003 -0.0155 -0.0033 82.05 6.88 88.36
1.00 mean 0.0011 0.0010 0.0011 0.0007 0.0010 100.00 100.00 100.00
1.25 g 0.0026 0.0068 0.0022 0.0209 0.0063 99.55 94.26 �100.00
1.25 b -0.0001 -0.0045 0.0002 -0.0195 -0.0042 74.89 6.88 80.60
1.25 mean 0.0012 0.0012 0.0012 0.0007 0.0011 100.00 100.00 100.00

Note: The table shows the welfare gains from moving the agents from an economy with constant UI
benefits to an economy with cyclically dependent benefits and slope parameter φz−1 . uC and eC
denote the unemployed and employed, respectively, with a binding borrowing constraint. g is a
good state, b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
�: Rounded to 100.00%. φz−1 = 1.25 is the level that maximizes the mean welfare gain.
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Table 2.11: Averages of key economic variables – UI depending on lagged productivity, budget
balance

φz−1 z u (%) v θ k̂ w̄ h T RR p d ŷ
−1.00 g 7.6171 0.0797 1.0461 67.240 2.5311 0.9725 0.0741 0.3657 0.9321 0.0066 3.3679
−1.00 b 7.7536 0.0746 0.9616 66.671 2.4325 1.0075 0.0781 0.3947 0.8805 0.0019 3.2252
−1.00 mean 7.6854 0.0771 1.0039 66.956 2.4818 0.9900 0.0761 0.3802 0.9063 0.0042 3.2966

0.00 g 7.6358 0.0790 1.0342 67.239 2.5319 0.9900 0.0756 0.3723 0.9250 0.0063 3.3678
0.00 b 7.7331 0.0753 0.9738 66.670 2.4317 0.9900 0.0766 0.3879 0.8876 0.0020 3.2253
0.00 mean 7.6845 0.0771 1.0040 66.955 2.4818 0.9900 0.0761 0.3801 0.9063 0.0042 3.2966
1.00 g 7.6549 0.0783 1.0222 67.236 2.5327 1.0075 0.0771 0.3789 0.9178 0.0061 3.3677
1.00 b 7.7129 0.0761 0.9861 66.668 2.4309 0.9725 0.0750 0.3810 0.8947 0.0022 3.2254
1.00 mean 7.6839 0.0772 1.0042 66.952 2.4818 0.9900 0.0761 0.3799 0.9063 0.0041 3.2965
1.25 g 7.6598 0.0781 1.0192 67.233 2.5329 1.0118 0.0775 0.3805 0.9160 0.0060 3.3676
1.25 b 7.7080 0.0762 0.9891 66.665 2.4307 0.9682 0.0746 0.3793 0.8965 0.0022 3.2254
1.25 mean 7.6839 0.0772 1.0042 66.949 2.4818 0.9900 0.0761 0.3799 0.9062 0.0041 3.2965

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h−T

w̄−T
is the average replacement ratio. The aggregate output is ŷ ≡ zF (k̃) (1 − u) − ξv. φz−1 = 1.25 is the level that
maximizes the mean welfare gain. For numerical reasons only, the benchmark is slightly different from compara-
ble tables, since lagged productivity is included as an additional state variable, which changes the interpolation
outcomes as well as the prediction rules.

Table 2.12: Welfare consequences of different degrees of cyclicality in UI benefits – UI depending
on lagged productivity, public budget balances on average

φz−1 z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−4.00 g -0.0148 -0.0285 -0.0137 -0.0927 -0.0398 1.86 3.47 1.72
−4.00 b 0.0176 0.0319 0.0164 0.0842 0.0353 99.69 98.65 99.78
−4.00 mean 0.0014 0.0017 0.0013 -0.0042 -0.0023 87.87 94.11 87.36
−1.00 g -0.0034 -0.0068 -0.0031 -0.0220 -0.0093 2.27 4.20 2.10
−1.00 b 0.0048 0.0084 0.0045 0.0222 0.0096 99.87 99.14 99.93
−1.00 mean 0.0007 0.0008 0.0007 0.0001 0.0001 100.00 100.00 100.00

0.25 g 0.0011 0.0020 0.0010 0.0057 0.0026 99.24 98.96 99.26
0.25 b 0.0048 -0.0018 -0.0008 -0.0054 -0.0021 0.88 3.07 0.70
0.25 mean 0.0001 0.0001 0.0001 0.0002 0.0002 92.29 87.80 92.66
1.00 g 0.0039 0.0074 0.0037 0.0220 0.0096 98.95 97.78 99.05
1.00 b -0.0041 -0.0077 -0.0038 -0.0220 -0.0090 0.33 1.68 0.22
1.00 mean -0.0001 -0.0001 -0.0001 -0.0000 0.0003 42.09 34.20 42.74

Note: The table shows the welfare gains from moving the agents from an economy with constant UI
benefits to an economy with cyclically dependent benefits and slope parameter φz−1 . uC and eC
denote the unemployed and employed, respectively, with a binding borrowing constraint. g is a
good state, b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
�: Rounded to 100.00%. φz−1 = −4.00 is the level that maximizes the mean welfare gain.
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Table 2.13: Averages of key economic variables – UI depending on lagged productivity, public
budget balances on average

φz−1 z u (%) v θ k̂ w̄ h T RR p d ŷ
−4.00 g 7.5638 0.0818 1.0812 67.157 2.5277 0.9201 0.0763 0.3442 0.9527 0.0074 3.3670
−4.00 b 7.8181 0.0723 0.9247 66.628 2.4345 1.0599 0.0763 0.4171 0.8589 0.0013 3.2242
−4.00 mean 7.6909 0.0770 1.0030 66.893 2.4811 0.9900 0.0763 0.3806 0.9058 0.0043 3.2956
−1.00 g 7.6175 0.0797 1.0459 67.215 2.5308 0.9725 0.0761 0.3652 0.9319 0.0066 3.3676
−1.00 b 7.7538 0.0746 0.9615 66.657 2.4324 1.0075 0.0761 0.3953 0.8805 0.0018 3.2250
−1.00 mean 7.6856 0.0771 1.0037 66.936 2.4816 0.9900 0.0761 0.3802 0.9062 0.0042 3.2963

0.00 g 7.6359 0.0790 1.0341 67.233 2.5318 0.9900 0.0761 0.3722 0.9249 0.0063 3.3677
0.00 b 7.7332 0.0753 0.9738 66.665 2.4317 0.9900 0.0761 0.3880 0.8876 0.0020 3.2252
0.00 mean 7.6846 0.0771 1.0040 66.949 2.4818 0.9900 0.0761 0.3801 0.9063 0.0042 3.2965
1.00 g 7.6547 0.0783 1.0224 67.249 2.5328 1.0075 0.0761 0.3791 0.9179 0.0061 3.3679
1.00 b 7.7129 0.0761 0.9861 66.673 2.4310 0.9725 0.0761 0.3807 0.8947 0.0022 3.2254
1.00 mean 7.6838 0.0772 1.0042 66.961 2.4819 0.9900 0.0761 0.3799 0.9063 0.0041 3.2967

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h−T

w̄−T
is the average replace-ment ratio. The aggregate output is ŷ ≡ zF (k̃) (1 − u) − ξv. φz−1 = −4.00 is the level that
maximizes the mean welfare gain. For numerical reasons only, the benchmark is slightly different from compara-
ble tables, since lagged productivity is included as an additional state variable, which changes the interpolation
outcomes as well as the prediction rules.

2.C.4 Distortionary taxation

Table 2.14: Welfare consequences of different degrees of cyclicality in UI benefits – distortionary
taxation, budget balance

φz z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−1.00 g -0.0006 -0.0047 -0.0003 -0.0163 -0.0037 9.45 0.00 10.24
−1.00 b 0.0025 0.0066 0.0021 0.0179 0.0054 100.00 100.00 100.00
−1.00 mean 0.0009 0.0010 0.0009 0.0008 0.0009 100.00 100.00 100.00

0.50 g 0.0053 0.0073 0.0051 0.0130 0.0068 100.00 100.00 100.00
0.50 b 0.0043 0.0023 0.0045 -0.0034 0.0030 99.99 99.93 100.00
0.50 mean 0.0048 0.0048 0.0048 0.0048 0.0049 100.00 100.00 100.00
1.00 g 0.0039 0.0080 0.0036 0.0192 0.0068 100.00 100.00 100.00
1.00 b 0.0013 -0.0028 0.0017 -0.0144 -0.0016 92.18 0.00 99.96
1.00 mean 0.0026 0.0026 0.0026 0.0024 0.0026 100.00 100.00 100.00

Note: The table shows the welfare gains from moving the agents from an economy with constant UI
benefits to an economy with cyclically dependent benefits and slope parameter φz. uC and eC
denote the unemployed and employed, respectively, with a binding borrowing constraint. g is a
good state, b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
φz = 0.50 is the level that maximizes the mean welfare gain.
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Table 2.15: Averages of key economic variables – distortionary taxation, budget balance

φz z u (%) v θ k̂ w̄ h RR τ p d ŷ
−1.00 g 7.6623 0.0784 1.0227 67.186 2.4501 0.9700 0.3959 0.0329 0.9303 0.0075 3.3667
−1.00 b 7.8024 0.0732 0.9383 66.616 2.3488 1.0100 0.4300 0.0364 0.8786 0.0007 3.2239
−1.00 mean 7.7324 0.0758 0.9805 66.901 2.3995 0.9900 0.4130 0.0346 0.9044 0.0041 3.2953

0.00 g 7.6811 0.0777 1.0110 67.185 2.4499 0.9900 0.4041 0.0336 0.9234 0.0064 3.3665
0.00 b 7.7822 0.0739 0.9500 66.616 2.3491 0.9900 0.4215 0.0356 0.8856 0.0017 3.2240
0.00 mean 7.7317 0.0758 0.9805 66.900 2.3995 0.9900 0.4128 0.0346 0.9045 0.0041 3.2953
0.50 g 7.6906 0.0773 1.0052 67.183 2.4497 1.0000 0.4082 0.0340 0.9199 0.0059 3.3664
0.50 b 7.7722 0.0743 0.9559 66.614 2.3492 0.9800 0.4172 0.0352 0.8891 0.0022 3.2240
0.50 mean 7.7314 0.0758 0.9806 66.898 2.3995 0.9900 0.4127 0.0346 0.9045 0.0041 3.2952
1.00 g 7.7003 0.0770 0.9994 67.182 2.4496 1.0100 0.4123 0.0344 0.9164 0.0054 3.3664
1.00 b 7.7624 0.0747 0.9618 66.614 2.3493 0.9700 0.4129 0.0347 0.8925 0.0027 3.2241
1.00 mean 7.7313 0.0758 0.9806 66.898 2.3995 0.9900 0.4126 0.0346 0.9045 0.0041 3.2952

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h

w̄
is

the average replacement ratio. The aggregate output is ŷ ≡ zF
(
k̃
)

(1 − u) − ξv. φz = 0.50 is the level that maxi-

mizes the mean welfare gain.

Table 2.16: Welfare consequences of different degrees of cyclicality in UI benefits – distortionary
taxation, public budget balances on average

φz z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−1.00 g 0.0020 -0.0017 0.0023 -0.0154 -0.0033 88.79 14.80 94.95
−1.00 b 0.0095 0.0133 0.0092 0.0256 0.0136 100.00 100.00 100.00
−1.00 mean 0.0057 0.0058 0.0057 0.0051 0.0051 100.00 100.00 100.00

1.00 g 0.0236 0.0273 0.0233 0.0411 0.0292 100.00 100.00 100.00
1.00 b 0.0161 0.0123 0.0164 0.0002 0.0125 �100.00 99.98 100.00
1.00 mean 0.0199 0.0198 0.0199 0.0206 0.0209 100.00 100.00 100.00

Note: The table shows the welfare gains from moving the agents from an economy with constant UI
benefits to an economy with cyclically dependent benefits and slope parameter φz. uC and eC
denote the unemployed and employed, respectively, with a binding borrowing constraint. g is a
good state, b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
�: Rounded to 100.00%. φz = 1.00 is the level that maximizes the mean welfare gain.
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Table 2.17: Averages of key economic variables – distortionary taxation, public budget balances
on average

φz z u (%) v θ k̂ w̄ h RR τ p d ŷ
−1.00 g 7.6632 0.0783 1.0220 67.141 2.4456 0.9700 0.3966 0.0346 0.9307 0.0074 3.3660
−1.00 b 7.8001 0.0733 0.9396 66.593 2.3526 1.0100 0.4293 0.0346 0.8801 0.0007 3.2236
−1.00 mean 7.7316 0.0758 0.9808 66.867 2.3991 0.9900 0.4130 0.0346 0.9054 0.0041 3.2948

0.00 g 7.6813 0.0776 1.0108 67.161 2.4474 0.9900 0.4045 0.0346 0.9240 0.0064 3.3662
0.00 b 7.7806 0.0740 0.9509 66.601 2.3511 0.9900 0.4211 0.0346 0.8867 0.0017 3.2238
0.00 mean 7.7310 0.0758 0.9809 66.881 2.3993 0.9900 0.4128 0.0346 0.9053 0.0041 3.2950
1.00 g 7.6992 0.0770 0.9998 67.171 2.4491 1.0100 0.4124 0.0346 0.9174 0.0054 3.3662
1.00 b 7.7610 0.0747 0.9624 66.599 2.3495 0.9700 0.4129 0.0346 0.8935 0.0027 3.2239
1.00 mean 7.7301 0.0758 0.9811 66.885 2.3993 0.9900 0.4126 0.0346 0.9055 0.0041 3.2950

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h

w̄
is

the average replacement ratio. The aggregate output is ŷ ≡ zF
(
k̃
)

(1 − u) − ξv. φz = 1.00 is the level that maximi-

zes the mean welfare gain.

2.C.5 Alternative calibration

For the alternative (Hagedorn-Manovskii) calibration we include the second moments in some

of the prediction rules. In the benchmark, the law of motion for the aggregate capital stock is

log k̂′ = 0.0904 + 0.9765 log k̂ − 0.0032 log u+ 0.0310 log z
(
R2 = 0.9999993

)
and the prediction rules for the other aggregate variables are

log θ = −154.7377 + 70.7565 log k̂ + 2.4886 log u+ 192.3435 log z − 8.0931
(

log k̂
)2

−0.0063 (log u)2 − 44.3079 log k̂ log z − 1.0605 log u log z − 0.5941 log k̂ log u(
R2 = 0.9999736

)
log (p+ d) = −5.0678 + 1.3788 log k̂ − 0.0572 log u+ 3.3249 log z

(
R2 = 0.9999860

)
logQg = 0.1165 + 1.7180 log Q̃g − 0.0271 log k̂ − 0.0032 log u+ 0.0026

(
log k̂

)2

−0.0001 (log u)2 + 0.0006 log k̂ log u(
R2 = 0.9999953

)
logQb = −0.1201− 0.0529 log Q̃b + 0.0196 log k̂ + 0.0089 log u− 0.0019

(
log k̂

)2

+0.0002 (log u)2 − 0.0018 log k̂ log u(
R2 = 0.9999585

)
where Q̃z ≡ πzz/

(
1− δ + r

(
z, k̂′, u′

))
for z = {g, b}. k̂′ is calculated from the law of motion

above, whereas u′ is calculated from (2.1).
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Table 2.18: Summary statistics for the benchmark of invariant UI benefits – alternative cali-
bration, budget balance

z u v θ k̂ w̄ h
mean 1.0000 0.0792 0.0552 0.7138 66.5861 2.3859 2.2934

∆g +2.00% −9.89% +9.52% +19.10% +0.38% +0.75% 0.00%

T RR p d r ŷ ĉ
mean 0.0784 0.9600 2.3735 0.0119 0.0150 3.2069 2.6491

∆g −9.89% −0.76% +7.07% +140.05% +2.33% +2.46% +0.36%
Note: mean denotes the unconditional mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the ave-
rage of x across periods with z = ž. ∆g is the percentage deviation of the average
across good states from the unconditional mean. Thus, per definition ∆b = −∆g,
and only ∆g is shown. w̄ is the average wage; RR ≡ h−T

w̄−T is the average replace-
ment ratio; ŷ is the aggregate output (net of vacancy costs); ĉ is the aggregate cons-
umption. Note that d can become negative.

Table 2.19: Welfare consequences of different degrees of cyclicality in UI benefits – alternative
calibration, budget balance

φz z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−1.00 g -0.1023 -0.1030 -0.1023 -0.1197 -0.1189 0.00 0.00 0.00
−1.00 b -0.0909 -0.0904 -0.0909 -0.0971 -0.0978 0.00 0.00 0.00
−1.00 mean -0.0966 -0.0967 -0.0966 -0.1084 -0.1083 0.00 0.00 0.00

1.00 g 0.0768 0.0775 0.0768 0.0897 0.0888 100.00 100.00 100.00
1.00 b 0.0636 0.0630 0.0636 0.0662 0.0669 100.00 100.00 100.00
1.00 mean 0.0702 0.0703 0.0702 0.0779 0.0779 100.00 100.00 100.00
2.00 g 0.1321 0.1334 0.1320 0.1538 0.1521 100.00 100.00 100.00
2.00 b 0.1029 0.1018 0.1030 0.1037 0.1053 100.00 100.00 100.00
2.00 mean 0.1175 0.1176 0.1175 0.1288 0.1287 100.00 100.00 100.00

Note: The table shows the welfare gains from moving the agents from an economy with constant
UI benefits to an economy with cyclically dependent benefits and slope parameter φz. uC and
eC denote the unemployed and employed, respectively, with a binding borrowing constraint.
g is a good state, b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
Convergence is not achieved for values of φz higher than 2.1.
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Table 2.20: Averages of key economic variables – alternative calibration, budget balance

φz z u (%) v θ k̂ w̄ h T RR p d ŷ
−1.00 g 7.0150 0.0623 0.8911 66.689 2.3894 2.2734 0.0680 0.9500 2.5786 0.0354 3.2825
−1.00 b 9.1879 0.0482 0.5290 66.195 2.3815 2.3134 0.0928 0.9702 2.1325 -0.0116 3.1179
−1.00 mean 8.1015 0.0553 0.7101 66.442 2.3855 2.2934 0.0804 0.9601 2.3555 0.0119 3.2002

0.00 g 7.1373 0.0605 0.8501 66.841 2.4037 2.2934 0.0707 0.9527 2.5412 0.0285 3.2856
0.00 b 8.7046 0.0500 0.5775 66.331 2.3681 2.2934 0.0862 0.9673 2.2058 -0.0048 3.1281
0.00 mean 7.9210 0.0552 0.7138 66.586 2.3859 2.2934 0.0784 0.9600 2.3735 0.0119 3.2069
1.00 g 7.2996 0.0587 0.8063 66.930 2.4177 2.3134 0.0737 0.9555 2.4901 0.0213 3.2867
1.00 b 8.3105 0.0517 0.6248 66.405 2.3544 2.2734 0.0806 0.9644 2.2663 0.0024 3.1353
1.00 mean 7.8050 0.0552 0.7155 66.668 2.3861 2.2934 0.0772 0.9599 2.3782 0.0119 3.2110
2.00 g 7.5041 0.0569 0.7601 66.986 2.4318 2.3334 0.0773 0.9582 2.4230 0.0141 3.2863
2.00 b 7.9825 0.0534 0.6715 66.450 2.3406 2.2534 0.0758 0.9615 2.3139 0.0097 3.1403
2.00 mean 7.7433 0.0551 0.7158 66.718 2.3862 2.2934 0.0766 0.9599 2.3684 0.0119 3.2133

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h−T

w̄−T
is the average replace-ment ratio. The aggregate output is ŷ ≡ zF (k̃) (1 − u) − ξv.

Table 2.21: Welfare consequences of different degrees of cyclicality in UI benefits – alternative
calibration, public budget balances on average

φz z Welfare gains (in percentage) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−1.00 g -0.1031 -0.1037 -0.1030 -0.1275 -0.1266 0.00 0.00 0.00
−1.00 b -0.0713 -0.0708 -0.0714 -0.0725 -0.0732 0.00 0.00 0.00
−1.00 mean -0.0872 -0.0873 -0.0872 -0.1000 -0.0999 0.00 0.00 0.00

1.00 g 0.0704 0.0711 0.0704 0.0901 0.0892 100.00 100.00 100.00
1.00 b 0.0380 0.0375 0.0380 0.0356 0.0364 100.00 100.00 100.00
1.00 mean 0.0542 0.0543 0.0542 0.0628 0.0628 100.00 100.00 100.00
2.00 g 0.1110 0.1123 0.1109 0.1460 0.1443 100.00 100.00 100.00
2.00 b 0.0461 0.0450 0.0462 0.0376 0.0394 100.00 100.00 100.00
2.00 mean 0.0786 0.0787 0.0786 0.0919 0.0919 100.00 100.00 100.00

Note: The table shows the welfare gains from moving the agents from an economy with constant
UI benefits to an economy with cyclically dependent benefits and slope parameter φz. uC and
eC denote the unemployed and employed, respectively, with a binding borrowing constraint.
g is a good state, b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
Convergence is not achieved for values of φz higher than 2.1.
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Table 2.22: Averages of key economic variables – alternative calibration, public budget balances
on average

φz z u (%) v θ k̂ w̄ h T RR p d ŷ
−1.00 g 7.0355 0.0620 0.8839 66.578 2.3884 2.2734 0.0806 0.9502 2.5839 0.0359 3.2809
−1.00 b 9.2071 0.0482 0.5262 66.125 2.3814 2.3134 0.0806 0.9705 2.1460 -0.0119 3.1165
−1.00 mean 8.1213 0.0551 0.7050 66.352 2.3849 2.2934 0.0806 0.9603 2.3649 0.0120 3.1987

0.00 g 7.1590 0.0603 0.8441 66.749 2.4029 2.2934 0.0786 0.9529 2.5377 0.0288 3.2841
0.00 b 8.7298 0.0499 0.5743 66.253 2.3677 2.2934 0.0786 0.9675 2.2059 -0.0049 3.1265
0.00 mean 7.9444 0.0551 0.7092 66.501 2.3853 2.2934 0.0786 0.9602 2.3718 0.0120 3.2053
1.00 g 7.3163 0.0586 0.8024 66.870 2.4173 2.3134 0.0774 0.9556 2.4884 0.0215 3.2857
1.00 b 8.3357 0.0516 0.6216 66.333 2.3540 2.2734 0.0774 0.9646 2.2650 0.0023 3.1338
1.00 mean 7.8260 0.0551 0.7120 66.601 2.3856 2.2934 0.0774 0.9601 2.3767 0.0119 3.2097
2.00 g 7.5134 0.0568 0.7586 66.961 2.4317 2.3334 0.0767 0.9583 2.4228 0.0141 3.2857
2.00 b 8.0072 0.0533 0.6682 66.387 2.3402 2.2534 0.0767 0.9617 2.3106 0.0098 3.1390
2.00 mean 7.7603 0.0551 0.7134 66.674 2.3859 2.2934 0.0767 0.9600 2.3667 0.0120 3.2123

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h−T

w̄−T
is the average replacement ratio. The aggregate output is ŷ ≡ zF (k̃) (1 − u) − ξv.

2.C.6 Rigid wages

Table 2.23: Summary statistics for the benchmark of invariant UI benefits – rigid wages, budget
balance

z u v θ k̂ w̄ h
mean 1.0000 0.0655 0.1263 1.981 67.5924 2.4500 0.9900

∆g +2.00% −6.80% +23.72% +29.86% +0.39% 0.00% 0.00%

T RR p d r ŷ ĉ
mean 0.0648 0.3879 2.2829 0.0065 0.0150 3.3090 2.6427

∆g −6.80% +0.29% +11.61% +474.61% +2.06% +2.02% +0.36%
Note: mean denotes the unconditional mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the ave-
rage of x across periods with z = ž. ∆g is the percentage deviation of the average
across good states from the unconditional mean. Thus, per definition ∆b = −∆g,
and only ∆g is shown. w̄ is the average wage; RR ≡ h−T

w̄−T is the average replace-
ment ratio; ŷ is the aggregate output (net of vacancy costs); ĉ is the aggregate cons-
umption. Note that d can become negative.
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Table 2.24: Welfare consequences of different degrees of cyclicality in UI benefits – rigid wages,
budget balance

φz z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−7.00 g 0.0003 -0.0292 0.0022 -0.0939 0.0003 93.90 0.00 �100.00
−7.00 b 0.0004 0.0344 -0.0021 0.0979 0.0034 7.23 100.00 0.26
−7.00 mean 0.0003 0.0026 0.0000 0.0020 0.0018 51.13 100.00 47.92
−1.00 g 0.0001 -0.0042 0.0003 -0.0124 0.0002 93.90 0.00 �100.00
−1.00 b 0.0001 0.0049 -0.0003 0.0150 0.0006 7.88 100.00 0.96
−1.00 mean 0.0001 0.0004 0.0000 0.0013 0.0004 56.69 100.00 53.85

1.00 g 0.0000 0.0042 -0.0002 0.0121 -0.0002 7.09 100.00 1.05
1.00 b 0.0000 -0.0049 0.0004 -0.0153 -0.0007 92.67 0.00 99.64
1.00 mean 0.0000 -0.0003 0.0001 -0.0016 -0.0005 88.93 0.00 94.77

Note: The table shows the welfare gains from moving the agents from an economy with constant
UI benefits to an economy with cyclically dependent benefits and slope parameter φz. uC and
eCdenote the unemployed and employed, respectively, with a binding borrowing constraint.
g is a good state, b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
�: Rounded to 100.00%. φz = −7.00 is the level that maximizes the mean welfare gain.

Table 2.25: Averages of key economic variables – rigid wages, budget balance

φz z u (%) v θ k̂ w̄ h T RR p d ŷ
−7.00 g 6.1018 0.1562 2.5719 67.854 2.4500 0.8500 0.0519 0.3328 2.5479 0.0376 3.3758
−7.00 b 6.9920 0.0963 1.3887 67.327 2.4500 1.1300 0.0790 0.4433 2.0178 -0.0245 3.2422
−7.00 mean 6.5469 0.1263 1.9803 67.590 2.4500 0.9900 0.0654 0.3880 2.2828 0.0065 3.3090
−1.00 g 6.1015 0.1563 2.5723 67.855 2.4500 0.9700 0.0592 0.3810 2.5479 0.0376 3.3758
−1.00 b 6.9913 0.0963 1.3892 67.328 2.4500 1.0100 0.0706 0.3948 2.0178 -0.0245 3.2422
−1.00 mean 6.5464 0.1263 1.9808 67.592 2.4500 0.9900 0.0649 0.3879 2.2829 0.0065 3.3090

0.00 g 6.1014 0.1563 2.5724 67.856 2.4500 0.9900 0.0604 0.3890 2.5480 0.0376 3.3758
0.00 b 6.9911 0.0963 1.3893 67.329 2.4500 0.9900 0.0692 0.3868 2.0179 -0.0245 3.2422
0.00 mean 6.5463 0.1263 1.9809 67.592 2.4500 0.9900 0.0648 0.3879 2.2829 0.0065 3.3090
1.00 g 6.1014 0.1563 2.5723 67.855 2.4500 1.0100 0.0616 0.3971 2.5479 0.0376 3.3758
1.00 b 6.9911 0.0963 1.3893 67.329 2.4500 0.9700 0.0678 0.3787 2.0179 -0.0245 3.2422
1.00 mean 6.5463 0.1263 1.9808 67.592 2.4500 0.9900 0.0647 0.3879 2.2829 0.0065 3.3090

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h−T

w̄−T

is the average replacement ratio. The aggregate output is ŷ ≡ zF
(
k̃
)

(1 − u) − ξv. φz = −7.00 is the level that

maximizes the mean welfare gain.
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Table 2.26: Welfare consequences of different degrees of cyclicality in UI benefits – rigid wages,
public budget balances on average

φz z Welfare gains (in %) Fraction gaining (in %)
overall unempl empl uC eC overall unempl empl

−45.00 g -0.0022 -0.2076 0.0112 -2.5266 -0.1558 43.43 1.05 46.13
−45.00 b 0.1263 0.3478 0.1095 0.6317 0.1609 95.88 100.00 95.55
−45.00 mean 0.0621 0.0701 0.0604 -0.9474 0.0026 99.98 99.61 100.00
−1.00 g 0.0013 -0.0031 0.0016 -0.0136 -0.0001 90.44 5.18 95.99
−1.00 b 0.0043 0.0094 0.0040 0.0214 0.0064 99.75 100.00 99.73
−1.00 mean 0.0028 0.0031 0.0028 0.0039 0.0031 100.00 100.00 100.00

1.00 g -0.0014 0.0030 -0.0016 0.0132 0.0001 8.93 94.97 3.33
1.00 b -0.0044 -0.0094 -0.0040 -0.0218 -0.0064 0.20 0.00 0.22
1.00 mean -0.0029 -0.0032 -0.0028 -0.0043 -0.0032 0.00 0.00 0.00

Note: The table shows the welfare gains from moving the agents from an economy with constant
UI benefits to an economy with cyclically dependent benefits and slope parameter φz. uC and
eC denote the unemployed and employed, respectively, with a binding borrowing constraint.
g is a good state, b is a bad state, mean denotes the unconditional mean, i.e., 0.5(µ̄g + µ̄b).
φz = −45.00 is the level that maximizes the mean welfare gain.

Table 2.27: Averages of key economic variables – rigid wages, public budget balances on average

φz z u (%) v θ k̂ w̄ h T RR p d ŷ
−45.00 g 6.2314 0.1449 2.3264 67.316 2.4500 0.0900 0.0604 0.0124 2.3368 0.0387 3.3702
−45.00 b 6.9428 0.0987 1.4217 67.260 2.4500 1.8900 0.0692 0.7648 1.8803 -0.0268 3.2412
−45.00 mean 6.5871 0.1218 1.8740 67.288 2.4500 0.9900 0.0648 0.3886 2.1086 0.0060 3.3057
−1.00 g 6.1214 0.1546 2.5346 67.785 2.4500 0.9700 0.0604 0.3806 2.5442 0.0379 3.3751
−1.00 b 7.0032 0.0958 1.3770 67.275 2.4500 1.0100 0.0692 0.3952 2.0186 -0.0247 3.2414
−1.00 mean 6.5623 0.1252 1.9558 67.530 2.4500 0.9900 0.0648 0.3879 2.2814 0.0066 3.3083

0.00 g 6.1188 0.1548 2.5398 67.795 2.4500 0.9900 0.0604 0.3890 2.5454 0.0379 3.3752
0.00 b 7.0044 0.0957 1.3765 67.276 2.4500 0.9900 0.0692 0.3868 2.0180 -0.0247 3.2414
0.00 mean 6.5616 0.1253 1.9582 67.536 2.4500 0.9900 0.0648 0.3879 2.2817 0.0066 3.3083
1.00 g 6.1162 0.1551 2.5453 67.807 2.4500 1.0100 0.0604 0.3974 2.5469 0.03783 3.3753
1.00 b 7.0054 0.0957 1.3761 67.278 2.4500 0.9700 0.0692 0.3784 2.0178 -0.0246 3.2415
1.00 mean 6.5608 0.1254 1.9607 67.542 2.4500 0.9900 0.0648 0.3879 2.2823 0.0066 3.3084

Note: The table shows the averages across good and bad periods, respectively. mean denotes the unconditional
mean, i.e., 0.5(x̄g+x̄b), where x̄ž is the average of x across periods with z = ž. w̄ is the average wage; RR ≡ h−T

w̄−T

is the average replacement ratio. The aggregate output is ŷ ≡ zF
(
k̃
)

(1 − u) − ξv. φz = −45.00 is the level that

maximizes the mean welfare gain.
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Abstract

The role of employment requirements to qualify for unemployment benefits is consid-

ered in a search-matching equilibrium. We show that the reentitlement requirement can

work as a substitute to the duration of unemployment benefits. The economic structure

and preferences, captured by productivity and risk aversion, respectively, are found to

have important consequences for the optimal design of the unemployment insurance (UI)

scheme, and this may in part explain the variation in UI schemes across OECD countries.

Finally, we consider a business cycle version of our model in which the optimal UI scheme

turns out to exhibit countercyclical generosity.
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3.1 Introduction

Most unemployment insurance systems have a finite benefit period. The implication is that

unemployed who are not able to find employment before their unemployment benefits expire

lose their benefits. They may then be entitled to social assistance which typically exhibits

a lower replacement rate and may be conditional on wealth and family situation. To regain

the right to unemployment benefits the unemployed has to accumulate a certain amount of

employment within a given period, and in the following we will refer to this as a reentitlement

requirement. The spell of employment necessary to re-qualify for benefits varies across countries

and reflects different parameters which in sum reflect the generosity of the benefit system; i.e.,

benefit level, duration of benefits and benefit profile.

Venn (2012) gives a detailed description of unemployment benefit systems across OECD

countries. She constructs quantitative indicators for the strictness of eligibility criteria for un-

employment benefits across 36 OECD and/or EU members, showing large differences across

fairly similar countries. The quantitative indicator for the strictness of entitlement conditions

(covering minimum employment and contribution record as well as sanctions for voluntary un-

employment) is negatively correlated with initial net replacement rate of unemployment benefits

(correlation of −0.05 but insignificant), with net replacement averaged over 5 years (correlation

of −0.36 and significant at the 5% level), and with the maximum duration of unemployment

benefits (also a correlation of −0.36 and significant at the 5% level). That is, countries with

relatively soft entitlement requirements tend to have more generous unemployment insurance

schemes.

In the literature on optimal design of unemployment insurance systems (see e.g. Fredriksson

& Holmlund (2006) and Tatsiramos & van Ours (2012) for surveys), it is only recently that

an employment requirement is included as a policy instrument (see e.g. Hopenhayn & Nicolini

(2009), Ortega & Rioux (2010), Pan & Zhang (2012), and Zhang & Faig (2012)). Hopenhayn

& Nicolini (2009) argue that when it is not possible to distinguish between quits and layoffs the

optimal benefit system conditions benefits paid to the unemployed on their employment history.

Ortega & Rioux (2010), on the other hand, emphasize that an employment criterion can support

job creation since unemployed who have exhausted their benefits are willing to accept lower

wages to regain the right to unemployment benefits. In this paper we emphasize an additional

argument for having an employment requirement, namely to strengthen search incentives. In

the literature on two-tier benefit structures (e.g. Mortensen (1977) and Fredriksson & Holmlund

(2001)) the entitlement effect that induces unemployment benefit recipients to increase their

search activity when benefits expire is driving the optimality conditions for a two-tier benefit

system. In this paper we show that by having an employment requirement it is possible to

affect the search margin of both the unemployed receiving benefits and those receiving social

assistance.
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This finding enables us to discuss the trade-off between different instruments in the benefit

system. In particular we focus on the trade-off between the length of the benefit period and

the employment period required to regain the right to benefits. Our study is related to Ortega

& Rioux (2010). They, however, ignore the search effects of changing the parameters of the

benefit system and thereby potentially miss an essential part of the effects of different benefit

configurations. Our first contribution is therefore to illustrate the optimal policy mix in a

search-matching model where both search and wage setting are affected. We show that the

reentitlement requirement can work as a substitute to the benefit duration. Furthermore, we

show that the economic structure and preferences, captured by productivty and risk aversion,

respectively, are found to have important consequences for the optimal design of the UI scheme,

and this may in part explain the variation in UI schemes across OECD countries.

Our second contribution is to illustrate how the optimal structure of the UI scheme varies

over the business cycle. Recently, a number of papers have studied optimal unemployment

insurance over the business cycle (e.g. Moyen & Stähler (2009), Andersen & Svarer (2010;

2011), Landais, Michaillat, & Saez (2010), Kroft & Notowidigdo (2011), Mitman & Rabinovich

(2011), and Ek (2012)). The current analysis will investigate how the reentitlement requirement

optimally varies with the business cycle and relate it to the findings in the concurrent literature.

We find – like most of the related literature – that the optimal UI scheme over the business

cycle exhibits countercyclical generosity.

The optimal UI scheme over the business cycle does not use the different UI instruments

symmetrically. In general, benefit levels seem to dominate benefit duration, which again dom-

inates the reentitlement requirement in the sense that the dominated instruments are used to

mitigate some of the negative labor market effects of the stronger instruments.

The structure of the paper is as follows: In Section 3.2 we introduce a search-matching

model with non-automatic eligibility for unemployment benefits. The effects of reentitlement

requirement and benefit duration on job search and labor market outcomes are analyzed in

Section 3.3. The optimal UI scheme is considered in Section 3.4, while Section 3.5 discusses

the optimal UI scheme over the business cycle. Concluding remarks are given in Section 3.6.

3.2 Benefit entitlement in a search-matching model

Consider a search-matching model of the labor market where workers can be in one of four

states: i) possessing a job and fulfilling the requirements for benefit eligibility in case of invol-

untary job-separation (state E), ii) possessing a job but not being entitled to unemployment

benefits but rather social benefits in case of involuntary job separation (state N), iii) being

unemployed and entitled to unemployment benefits (state U), UIB-unemployed, and iv) be-

ing unemployed and not entitled to unemployment benefits but social assistance (state K),
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SA-unemployed.

There is a continuum of workers with mass one. All workers are assumed to own an equal

share of the firms, and therefore firm profits are distributed among workers, which secures

that our model can be given a general equilibrium interpretation. All employed may lose their

job by the exogenous separation rate pU,E. Employed not entitled to unemployment benefits

gain eligibility at the rate pE,N , and thus the expected work requirement before regaining UIB

eligibility is 1/pE,N . Unemployed eligible for benefits search for jobs at the rate sU and find

a job at the rate αsU , where α is the job-finding rate (see below). Unemployed eligible for

benefits lose eligibility at the rate1 pK,U , and thus the expected potential duration of benefit

receipt is 1/pK,U . Finally, unemployed non-eligible for benefits search at the rate sK and thus

find a job at the rate αsK . Note that there are only involuntary job-separations in the model.

The instantaneous utility to an employed is

h(Ii, 1− l); i = E,N

where Ii is income consisting of labor income after tax wi [1− τ ] and its share of profit Π. Time

endowment is normalized to unity and working hours are l (exogenous). The function h has

the standard properties.

The instantaneous utility for unemployed is2

g(Ij, 1− sj); j = U,K

where income is the sum of the transfer (bU or bK) and the profit share Π, and sj is the amount

of time spent searching for a job.

The value functions associated with the four possible labor market states are

ρVE = h (wE [1− τ ] + Π, 1− l) + pU,E [VU − VE]

ρVN = h (wN [1− τ ] + Π, 1− l) + pU,E [VK − VN ] + pE,N [VE − VN ]

ρVU = g (bU + Π, 1− sU) + αsU [VE − VU ] + pK,U [VK − VU ]

ρVK = g (bK + Π, 1− sK) + αsK [VN − VK ]

where ρ is the discount rate, bU > bK (see below).

We want to focus on differences or asymmetries arising solely from the design of the social

safety net, and hence we essentially assume that all workers are identical except for their labor

market history and thus possibly their benefit entitlement. In this spirit we have assumed that

1That is, we follow Fredriksson & Holmlund (2001) who show that a fixed time duration can be approximated
by a system in which there is a stochastic transition from one benefit level to another.

2For notational reasons, we allow the instantaneous utility function of the unemployed to differ from that
of the employed. However, our results will not hinge on this asymmetry, and in the numerical illustrations
h (·) = g (·).

72



pK,N = pU,E; i.e., the job separation rate is the same for eligible and non-eligible workers, and

they have the same working hours (exogenous).3 Note also that the participation constraints:

VE ≥ VU , VN ≥ VK , VE ≥ VN , VU ≥ VK are assumed fulfilled in the following.

In the following this short-hand notation will be used

hi (·) ≡ h (wi [1− τ ] + Π, 1− l) for i = E,N

gj (·) ≡ g (bj + Π, 1− sj) for j = U,K.

The individual takes all variables except the search level to be beyond its own control (i.e., to be

unaffected by its decisions), and thus the optimal search level for the two types of unemployed

is determined by (note that standard assumptions on g ensure that the second order condition

is fulfilled; i.e., g is strictly concave with respect to the second argument)

∂gU (·)
∂(1− sU)

= α [VE − VU ] (3.1)

∂gK (·)
∂(1− sK)

= α [VN − VK ] . (3.2)

Denoting the share of the population receiving unemployment benefits and social assistance by

u and k, respectively, we have that total search is given as

s ≡ sUu+ sKk.

A standard constant returns to scale matching function defined over total search and vacancies

(v) is assumed

m (s, v) .

The function m has the usual properties. It follows that the job-finding rate is given by

α =
m (s, v)

s
= m (1, θ)

where θ ≡ v
s

is market tightness, and hence α = α (θ), α′ (θ) > 0. The job filling rate is

q =
m (s, v)

v
= m

(
θ−1, 1

)
and thus q = q (θ), q′ (θ) < 0.

Firms post vacancies to find vacant workers, and in the hiring process they are not able to

distinguish workers by their eligibilities in the social safety net. Thus, the value of a vacancy

(JV ) is expressed in terms of the expected value of a filled job (JEXP ); i.e.,

ρJV = −κ+ q [JEXP − JV ]

3We impose this symmetry to focus on the question whether re-entitlement conditions can be motivated as
a means to improve the trade-off between incentives and insurance in the social safety net.
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where κ is the flow vacancy cost. The free-entry-condition, JV = 0, then implies

JEXP =
κ

q
(3.3)

where JEXP is the expected value of a filled job; that is

JEXP ≡
αsUuJE + αsKkJN
αsUu+ αsKk

=
sUuJE + sKkJN
sUu+ sKk

.

After a firm and a worker are matched, the firm knows whether the candidate is entitled to

UIB, and therefore the wage depends on the worker’s UIB eligibility. The value of a job filled

with a UIB eligible worker is4

ρJE = y − wE + pU,E [JV − JE] ,

and the value of a job filled with a worker non-eligible for unemployment benefits is

ρJN = y − wN + pE,N [JE − JN ] + pU,E [JV − JN ] .

Wages are determined through Nash bargaining; i.e.,

wE = arg max
wE

(VE − VU)β (JE − JV )1−β

wN = arg max
wN

(VN − VK)β (JN − JV )1−β

with the associated first-order conditions (second order conditions assumed to be fulfilled)

β

∂VE
∂wE

VE − VU
+ (1− β)

∂JE
∂wE

JE
= 0 (3.4)

β

∂VN
∂wN

VN − VK
+ (1− β)

∂JN
∂wN

JN
= 0. (3.5)

Profits are given as

Π = [y − wE] e+ [y − wN ]n− vκ

where e and n denote the number of eligible and non-eligible workers, respectively. The inflow

and outflow equations read (where e = 1− u− k − n)

U : epU,E = αsUu+ pK,Uu (3.6)

K : npU,E + pK,Uu = αsKk (3.7)

N : αsKk = pU,En+ pE,Nn (3.8)

4Note that workers gaining eligibility for UIB experience an immediate change in the wage since the worker
and the firm are implicitly assumed to renegotiate the wage promptly. This assumption may be empirically
questionable, but we make it for tractability reasons.
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for unemployment, social assistance and non-eligible jobs, respectively.

For later reference note that the fraction of the population in the various labor market states

can be written (recall that 1 = e+ n+ u+ k)

e = e(α, sU , sK , pE,N , pK,U , pU,E)

n = n(α, sU , sK , pE,N , pK,U , pU,E)

u = u(α, sU , sK , pE,N , pK,U , pU,E)

k = k(α, sU , sK , pE,N , pK,U , pU,E).

Finally, the public budget constraint reads

τ (wEe+ wNn) = bUu+ bKk. (3.9)

To sum up, the social safety net is characterized by two benefit levels (bU , bK), the transition

out of UIB unemployment (pK,U) which is the inverse of benefit duration, and the entry into

UIB eligibility (pE,N) which captures reentitlement requirements. Below we consider how the

various elements of the social safety net affect labor market performance both in the long run

(steady-state) and over the business cycle.

In summary, the equilibrium to the model is characterized by unemployed choosing search

effort according to (3.1) and (3.2), firms creating vacancies according to (3.3), wages determined

by (3.4) and (3.5), the tax rate determined from (3.9) and the flow equations (3.6), (3.7),

and (3.8). In Appendix 3.A we show that the resource balance condition (or goods-market

equilibrium condition) is fulfilled; i.e., aggregate output (net of vacancy costs) equals aggregate

consumption.

Calibration

In the next section we derive some partial, analytical results on the effects on job search

and gross unemployment from changing benefit duration and the entitlement requirement. In

general, however, the model cannot be solved analytically and therefore we use a numerical

illustration when necessary.

As explained below we use the baseline calibration of Ortega & Rioux (2010) as well as

their functional forms (where possible). The time period is a month. The job separation rate

(pU,E) is 0.00977. Productivity5 (y) is 1.517 in the benchmark (medium productivity), and the

flow cost of vacancies (κ) is 0.56181. The discount rate (ρ) is 0.01. We assume the following

functional forms for instantaneous utilities

h (Ii, 1− l) =
1

η
Iηi + log (1− l) ; i = E,N

5Productivity and the vacancy cost are rescaled (by 1/1000) compared to Ortega & Rioux (2010) to ensure
that the choice of search intensities delivers interior solutions. This simple rescaling has no qualitative effects.
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g (Ii, 1− si) =
1

η
Iηi + log (1− si) ; i = U,K

with η = −0.5, and workers are assumed to spend 40% of their time at work; i.e., l = 0.4.

The matching function is Cobb-Douglas

m (s, v) = Asεv1−ε

with A = 0.05 and ε = 0.5. To avoid introducing arbitrary inefficiencies we set β = ε = 0.5.

3.3 Search and properties of the UIB system

We start out by clarifying the role of benefit duration (pK,U) and benefit entitlement (pE,N) for

given benefit levels (bU , bK) for labor market performance; that is, we consider the implication

for a given macroeconomic environment, i.e., wages (wE, wN), taxes (τ), and job-finding rate

(α). This clarifies the incentive/search effects of the two instruments as part of the social safety

net. The complexity of the overall model makes it impossible to arrive at any analytical results

at the general level, but this partial approach gives some important insights on the role of the

various elements in the unemployment insurance system, and also for the interpretation of the

numerical results presented below.

In Appendix 3.B we show that for a given macroeconomic environment

dsU
dpK,U

> 0 ;
dsK
dpK,U

< 0

dsU
dpE,N

< 0 ;
dsK
dpE,N

> 0

i.e., shorter benefit duration (higher pK,U) implies that the UIB-unemployed search more to

enhance the chance of finding a job in light of the more dire consequences if this is not successful,

and for the SA-unemployed search becomes less attractive since the value of finding a job leading

to UIB entitlement is now lower. A more lax entitlement requirement (higher pE,N) makes the

non-entitled unemployed search more since the value of a job is now higher since it more easily

leads to UIB-entitlement, oppositely the eligible unemployed search less since it is less critical

to lose entitlement as it can more easily be regained.

Note that the two instruments, benefit duration and entitlement conditions, have different

implications for the two types of unemployed. Considering the marginal rate of substitution

between the two instruments leaving the utility gain from finding a job unchanged for entitled

and non-entitled, respectively, we have (for proof and notation see Appendix 3.B)

dpK,U
dpE,N

| [VE−VU ]=constant =

pK,U
ρ

αsK
B1

[
1
ρ
B2 − [VN − VK ]

[
1 + 1

ρ
αsK

]]
[

1
ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)
] > 0
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dpE,N
dpK,U

| [VN−VK ]=constant =

pE,N
ρ

pU,E
A1

[
1
ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)
]

[
1
ρ
B2 − [VN − VK ]

[
1 + 1

ρ
αsK

]] > 0.

Note that search levels are unchanged for utility gains being constant (VE − VU =constant,

and VN − VK =constant). The above thus gives the combinations of pK,U and pE,N , leaving

search (sU and sK respectively) unchanged. Both types’ iso-search curves are upward sloping

in the (pK,U , pE,N)-spaces; that is, a higher rate at which non-entitled become entitled to UIB

(easier UIB entitlement) has to be accompanied with a higher rate at which UIB-unemployed

lose their UIB entitlement (shorter benefit duration) to leave search unchanged, i.e., the two

instruments are substitutes. This applies for both types of unemployed, but the marginal rates

of substitution are different, which suggests that it may be desirable to let the UI scheme feature

both elements (see below). Intuitively, using two instruments seems to dominate using only

one since there are two search levels which can be affected, and the two instruments are not

perfect substitutes, cf. the difference in the marginal rates of substitution.

Finally, note that (for proof see Appendix 3.B) an increase in pK,U leads to a decrease in VE

and a decrease in VK , while there is an ambiguous effect on VN and VU . An increase in pE,N

leads to an increase in VE and an increase in VK , while there is an ambiguous effect on VN and

VU .

Labor market outcomes

In the following we consider the role of benefit duration and employment eligibility conditions

by considering the combinations of the two instruments delivering the same gross level of

unemployment (u+ k).

From the flow equations we have

[e+ n] pU,E = αsUu+ αsKk = αs

i.e., for a given job-separation rate pU,E and job-finding rate α, total employment (e + n) is

monotonously increasing in aggregate search. Since 1 = e + n + u + k it follows that u + k is

monotonously decreasing in s.

We show in Appendix 3.B that the gross unemployment rate (u + k = 1− (e + n)) can be

written in implicit form as

u+ k = F (sU (pK,U , pE,N) , sK (pK,U , pE,N) , pK,U , pE,N).

It can be shown that (see Appendix 3.B)

∂F (·)
∂sU

< 0 ;
∂F (·)
∂sK

< 0
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sign

(
∂F (·)
∂pK,U

)
= sign(sU − sK)

sign

(
∂F (·)
∂pE,N

)
= −sign

(
∂F (·)
∂pK,U

)
.

It is an implication that for given search there is always a trade-off between benefit duration

and benefit entitlement; i.e., if benefit entitlement becomes more easy (higher pE,N), then

benefit duration should be reduced (higher pK,U) to maintain an unchanged gross unemployment

rate. In general search responses imply that the slope of the iso-employment locus cannot be

unambiguously signed. Therefore, we turn to a numerical illustration.

Figure 3.1 shows iso-gross unemployment curves in the (pE,N , pK,U)-plane for the full model

(see above for the numerical details). We see that the iso-gross unemployment curves are posi-

tively sloped, which reveals a trade-off between easier reentitlement and shorter UIB duration in

sustaining a certain level of u+k. Furthermore, gross unemployment increases when we move to

the South-East, i.e., longer UIB duration and/or faster reentitlement, since SA-unemployed turn

out to search more intensively than UIB-unemployed in our numerical specification (sK > sU).

Figure 3.1: Iso-gross unemployment curves, trade-off between UIB duration and reentitlement
requirement
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3.4 Optimal social safety net

In the following we consider the optimal design of the social safety net assuming a utilitarian

social welfare function. In Appendix 3.C we show that the social welfare function can be written

Ω = eρVE + nρVN + uρVU + kρVK

= ehE (·) + nhN (·) + ugU (·) + kgK (·) . (3.10)

Note that profits are distributed to workers such that the above captures the sum of utility

generated in the economy under a given policy package (bU , bK , pK,U , pE,N).

As a prelude it is useful to consider some special cases. The standard case considered in the

literature assumes that employment automatically gives entitlement to unemployment benefits

in the case of lay-offs corresponding to pE,N → ∞, in which case n → 0. A simple one-tier

benefit scheme in this case arises if pK,U → 0 (infinite benefit duration) implying k → 0. Note

also that pE,N → 0 implies that it is not possible to transit to a job providing entitlement

to unemployment benefits in the case of lay-off, and hence6 u → 0 and e → 0; i.e., this case

corresponds to a one-tier benefit scheme where the only two states are N and K.

Hence, finding the optimal social safety net poses two key questions:

i) Is it optimal to have two tiers, i.e., to have a finite duration of unemployment benefits

after which unemployed are offered a lower social assistance, corresponding to pK,U > 0?

ii) Is it optimal to include an employment condition as part of the eligibility conditions in

the benefit scheme, i.e., to have 0 < pE,N <∞?

A sufficient7 condition for the optimal UI scheme to have two tiers is

lim
pK,U→0

∂Ω

∂pK,U
> 0

whereas a sufficient condition for the optimality of a reentitlement condition is

lim
pE,N→∞

∂Ω

∂pE,N
< 0

conditional on two tiers being optimal. In Appendix 3.D we investigate the problem of de-

signing the optimal social safety net, and in particular these two conditions, in more analytical

detail. However, the overall complexity of the model prevents us from analytically deriving clear

answers to the two key questions, and therefore we resort to a numerical illustration below.

6Note that the flow equations imply npE,N = pK,Uu.
7Rigorously speaking, the sufficient condition should also include limpK,U→∞

∂Ω
∂pK,U

< 0. However, in the

limit there is only notational difference between a one-tier scheme with only SA-unemployed and a one-tier
scheme with only UIB-unemployed.
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This suggests that it is by no means trivial whether the optimal scheme includes an enti-

tlement condition. Numerical solutions of the model underpin this ambiguity since a two-tier

benefit scheme with non-automatic entitlement for UIB is by no means a universal solution to

the problem of choosing the optimal structure of the social safety net. To proceed we adopt

the calibration of Ortega & Rioux (2010), see details above, in which case the optimal social

safety net exhibits two tiers and non-automatic UIB-entitlement, but it should be clear that

this result is not, in general, robust to large changes in functional forms and parameter values.

3.4.1 Numerical illustrations

Optimal UI scheme

The numerical solution reveals that in this case the optimal UI scheme has two tiers and

non-automatic entitlement for UIB, i.e., bU > bK , 0 < pK,U < ∞, and 0 < pE,N < ∞. In

particular, welfare defined in (3.10) is maximized with bU = 0.587, bK = 0.207, pK,U = 0.057,

and pE,N = 0.023. Gross unemployment (u+k) is approximately 16%. The tax rate is τ = 0.065.

The wage of UIB eligible workers is wE = 1.080 yielding a replacement rate (RRU ≡ bU
wE(1−τ)

)

of 58%, while it is only 23% for non-eligible workers (RRK ≡ bK
wN (1−τ)

) since wN = 0.953.

An interesting question is whether our model can explain the large differences in UI schemes

across OECD countries documented by e.g. Venn (2012). To this end we find the optimal UI

scheme for countries that differ along two dimensions, namely economic structure and prefer-

ences. Economic structure here refers to underlying differences in the economies which generate

variation in employment rates, and below we implement this as differences in the aggregate pro-

ductivity level y. Also, differences in preferences can explain why the optimal trade-off between

incentives and insurance vary across countries. One important preference parameter is the de-

gree of risk aversion, and below we thus find the optimal UI schemes for different η’s.

Productivity level

An important determinant of the optimal social safety net is productivity y, which is here

meant to capture underlying structural differences across countries. Differences in y across

countries can be interpreted as reflecting income differences; i.e., rich countries have a high y,

whereas relatively poor countries have a low y. To see how the optimal UI scheme depends

on the productivity level, Table 3.1 illustrates the optimal policy package for various levels of

productivity relative to the benchmark (medium productivity level).

Table 3.1 shows that both the UIB level and the SA level should be higher when productivity

is high, whereas the UIB duration (inverse pK,U) and the entitlement requirement (inverse pE,N)

should be lower. Hence, the optimal UI scheme is more generous in three out of the four

dimensions when productivity is high. Similarly, the scheme is less generous in the same three
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Table 3.1: Optimal UI policy package for different levels of productivity (medium productivity
is index 100)

y Low Medium High
bU 87.9 100.0 112.3
bK 88.2 100.0 111.8
pK,U 95.5 100.0 104.2
pE,N 99.3 100.0 100.6
τ 104.2 100.0 96.3
wE 88.8 100.0 111.3
wN 88.7 100.0 111.4
RRU 99.2 100.0 100.6
RRK 99.7 100.0 100.1
u+ k 104.7 100.0 96.0
Note: yLow = 0.9 · yMedium and

yHigh = 1.1 · yMedium.

dimensions when productivity is low. While the UIB and SA levels change a lot in response

to a change in the productivity level, the replacement rates are almost unaffected since wages

are near-proportional to productivity and taxes are lower when productivity (and thus the

employment rate) is high. However, the replacement rates do (slightly) increase in response to

an increase in productivity.

Clearly, changing the benefit levels dominates changes in the two remaining instruments.

Thus, to focus on the pure trade-off between UIB duration and reentitlement requirement, in

Table 3.2 we present the optimal level of these two UI instruments when the UIB level and the

SA level are fixed (at their optimal values in the benchmark).

Table 3.2: Optimal UIB duration and entitlement requirement for different levels of productiv-
ity when UIB and SA levels are fixed (medium productivity is index 100)

y Low Medium High
pK,U 125.0 100.0 82.7
pE,N 98.5 100.0 101.7
Note: yLow = 0.9 · yMedium and

yHigh = 1.1 · yMedium.

From Table 3.2 we see that also in this case the optimal UI scheme is more generous when

productivity is high since the optimal UIB duration is now higher than in the benchmark

and the entitlement requirement is still lower. Hence, structural differences, here captured by

differences in productivity, may go some way in explaining the negative correlation between the

length of UIB duration and the reentitlement requirement documented by Venn (2012).

Furthermore, the responses in both these instruments to changes in the productivity level
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are much larger than when UIB and SA levels are allowed to respond as well.

To study how the optimal UI scheme trades off the two instruments, UIB duration and

entitlement requirement, in Table 3.3 we present the optimal UIB duration (left panel) when

the other three UI instruments are fixed (at the optimal level from the benchmark), and similarly

for the optimal entitlement requirement (right panel).

Table 3.3: Optimal UIB duration (left panel) and optimal entitlement requirement (right panel)
for different levels of productivity when the three remaining UI instruments are fixed
(medium productivity is index 100)

y Low Medium High y Low Medium High
pK,U 125.5 100.0 82.4 pK,U 100.0 100.0 100.0
pE,N 100.0 100.0 100.0 pE,N 78.4 100.0 120.2
Note: yLow = 0.9 · yMedium and yHigh = 1.1 · yMedium.

Comparing Tables 3.2 and 3.3 we see that indeed the optimal UI scheme trades off the

two instruments since both react stronger to changes in the productivity level when the other

instrument is kept fixed. Especially the entitlement requirement reacts much stronger to pro-

ductivity changes when this is the only instrument used, which shows that the responses of UIB

and SA levels (in Table 3.1) and UIB duration (in Tables 3.1 and 3.2) dampen the response of

the entitlement requirement.

Tables 3.1-3.3 all show that the optimal UI scheme is more generous when productivity is

high, and less generous when productivity is low. When productivity is high the employment

level is also high, and therefore a more generous social safety net is more easily affordable.

Hence, this result stems from the balanced budget requirement, a well-known result from the

literature, cf. Andersen & Svarer (2011).

One may therefore view the analysis above as adding to the literature on business cycle

dependent labor market policies. However, the analysis so far is not well-suited for discussing

how the optimal UI scheme responds to temporary changes in productivity. In Section 3.5

we therefore study a business cycle version of our model, in which the public budget is only

required to balance on average across the aggregate states. As expected this has important

consequences for the optimal response of the UI scheme to changes in productivity.

The role of risk aversion

A potential explanation for the substantial variation in UI schemes across countries is differences

in preferences. One important preference parameter is the degree of risk aversion. Therefore,

in this section we study the importance of risk aversion for the optimal UI scheme.

Table 3.4 shows the optimal UI policy package for different degrees of risk aversion, η,

relative to the optimal package in the benchmark (η = −0.5).
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Table 3.4: Optimal UI policy package for different levels of risk aversion (the benchmark solu-
tion (η = −0.50) is index 100)

η −3.00 −0.75 −0.50 −0.25
bU 112.4 102.3 100.0 97.1
bK 187.1 114.5 100.0 82.9
pK,U 131.2 103.1 100.0 97.2
pE,N 121.2 100.2 100.0 100.8
τ 132.1 105.6 100.0 93.1
wE 94.2 99.3 100.0 100.7
wN 97.9 99.8 100.0 100.1
RRU 122.0 103.4 100.0 96.0
RRK 195.6 115.1 100.0 82.4
u+ k 94.2 99.3 100.0 100.7

We see that the generosity of the optimal UI scheme is increasing in the level of relative

risk aversion (η − 1) in most dimensions, which is intuitive since the insurance value of UI

is higher if workers are more risk averse. For example, the UIB level should be 12% higher

when η = −3 compared to the benchmark, which results in the replacement rate being 22%

higher (an increase of 13 percentage points), whereas it should be lowered for η = −0.25.

For the SA level the effects are qualitatively the same, but their magnitudes are even larger

since this benefit level should be 87% higher for η = −3, which leads to almost a doubling of

the replacement rate (an increase of 22 percentage points).8 These large increases in benefit

levels following an increase in relative risk aversion are partially offset by a decrease in the UIB

duration (1/pK,U), which indicates that higher benefit levels dominate longer UIB duration,

and therefore a decrease in the latter can partially finance (even larger) increases in the former

ones.

For the reentitlement requirement the results are more complex since the employment con-

dition is loosened for both higher and lower levels of η. For η equal to −0.75 or −3 this makes

sense as a generous UI scheme is more appreciated, whereas the result for η = −0.25 has a

similar interpretation as the shortened UIB duration for high risk aversion; i.e., lowering the

benefit levels dominates the employment condition when decreasing the generosity of the UI

scheme, and therefore cuts in benefit levels make easy accessibility to UI cheaper.

To isolate the trade-off between UIB duration and reentitlement requirement, in Table 3.5

we show the optimal policy packages when benefit levels are fixed (at the optimal levels from

the benchmark).

Now, the optimal UIB duration is longer when consumers are more risk averse, whereas the

reentitlement requirement is still lower; i.e., the UI scheme is more generous in both dimensions

8This indicates that there exists a critical value for risk aversion above which the optimal UI scheme only
has one tier.
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Table 3.5: Optimal UIB duration and entitlement requirement for different levels of risk aver-
sion when UIB and SA levels are fixed (the benchmark solution (η = −0.50) is index
100)

η −3.00 −0.75 −0.50 −0.25
pK,U 33.7 86.1 100.0 120.1
pE,N 200.9 100.8 100.0 102.6

when risk aversion is high. Note that the UIB duration reacts differently than when benefit

levels are also chosen optimally, and thus clearly there exists a trade-off between higher benefit

levels and longer UIB duration for high risk aversion and low levels and short duration for low

risk aversion, which seems always to be dominated by the benefit level.

Hence, preference differences, here captured by differences in risk aversion, yield an alter-

native explanation of the negative correlation between the length of UIB duration and the

reentitlement requirement documented by Venn (2012).

Furthermore, the results for low risk aversion are still complex since UIB duration is shorter

(less generous), but also the reentitlement requirement is shorter (more generous). Again, the

dominating instrument (here UIB duration) can be changed more when the other instrument

(here reentitlement requirement) partially offsets the harmful effects.

To illustrate once again the trade-off between UIB duration and reentitlement requirement,

Table 3.6 shows the optimal UIB duration (left panel) when the other three UI instruments

are fixed (at the optimal level from the benchmark), and similarly for the optimal entitlement

requirement (right panel).

Table 3.6: Optimal UIB duration (left panel) and optimal entitlement requirement (right panel)
for different levels of risk aversion when the three remaining UI instruments are fixed
(the benchmark solution (η = −0.50) is index 100)

η −3.00 −0.75 −0.50 −0.25 η −3.00 −0.75 −0.50 −0.25
pK,U 30.7 85.9 100.0 119.3 pK,U 100.0 100.0 100.0 100.0
pE,N 100.0 100.0 100.0 100.0 pE,N 689.0 115.1 100.0 85.3

We see that the qualitative changes in UIB duration and reentitlement requirement are the

same as when both these instruments are varied according to the degree of risk aversion, at least

for higher levels of risk aversion. However, the magnitudes are larger for high risk aversion when

only one of the instruments is used, underlining that the two instruments work as substitutes. In

particular, pE,N is almost seven times larger for η = −3 than in the benchmark. For η = −0.25,

however, the UIB duration is shortened by less than before since the reentitlement requirement

can no longer be used to mitigate some of the negative effects from this, and for the same

reason the reentitlement requirement is now higher.
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3.5 Business cycles and the social safety net

In this section we consider a business cycle version of our model. The economy is assumed to

shift between a good (G) and a bad (B) state, where a good state is characterized by a higher

productivity level, i.e., yG > yB. The transition rate from the good to the bad state is denoted

by πG, whereas πB denotes the transition rate from the bad to the good state. Hence, the

expected duration of a good (bad) state is 1/πG
(
1/πB

)
. For simplicity we follow Ek (2012)

and focus solely on steady states; i.e., the economy is assumed to jump directly between the

two states. The tax rate is set to ensure that the public budget balances on average across

states. The model can be found in Appendix 3.F.

We set yG to 10% above the benchmark productivity level, and yB to 10% below. Since we

assume that the economy jumps directly between steady states, our model is not well-suited

for analyzing the exact transitions between aggregate states. Therefore, we set the π’s very low

(πG = πB = 1
1000

) to avoid having unrealistic transition dynamics driving our results.

Optimal uniform UI scheme

At first we find the optimal uniform UI scheme; i.e., the policy that maximizes expected welfare

across the cycle conditional on bGU = bBU , bGK = bBK , pGK,U = pBK,U and pGE,N = pBE,N . Expected

welfare is defined as

Ω =
πB

πG + πB
ΩG +

πG

πG + πB
ΩB

where Ωi = eiρV i
E + niρV i

N + uiρV i
U + kiρV i

K for i = G,B.

The optimal uniform UI scheme is biU = 0.583, biK = 0.204, piK,U = 0.056 and piE,N = 0.023

with i = G,B. This policy implies RRG
U = 0.53, RRB

U = 0.64, RRG
K = 0.21, RRB

K = 0.26;

i.e., the replacement rates are countercyclical due to procyclical wages. Gross unemployment,

u + k, is 14.3% in good times and 17.4% in bad times. This gives an unconditional mean

gross unemployment, defined as πB

πG+πB

(
uG + kG

)
+ πG

πG+πB

(
uB + kB

)
, of 15.8%, which can be

interpreted as the structural gross unemployment rate.

Optimal UI scheme with business cycle variability

Table 3.7 shows the optimal UI scheme (relative to the optimal uniform UI scheme) when

the policy is not restricted to be uniform; i.e., the instruments are allowed to vary across the

business cycle.

We see from Table 3.7 that the optimal UI policy implies a countercyclical UIB level (bBU >

bGU ), a slightly procyclical SA level (bGK > bBK), a countercyclical UIB duration (pBK,U < pGK,U), and

a countercyclical entitlement requirement (pBE,N < pGE,N); i.e., the optimal UI scheme is more

generous in bad times in two of the four policy dimensions, namely UIB level and duration,

but less generous in the remaining two dimensions, SA level and entitlement requirement.
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Table 3.7: Optimal business cycle dependent UI scheme (the optimal uniform policy is index
100)

bGU bBU bGK bBK pGK,U pBK,U pGE,N pBE,N
96.8 103.1 101.4 99.4 105.9 97.0 107.0 95.6

Note, however, that both replacement rates are still countercyclical, RRG
U = 0.51, RRB

U =

0.66, RRG
K = 0.21, RRB

K = 0.25, since the procyclicality of wages for non-entitled workers more

than offsets the procyclicality of the SA level.

Furthermore, this optimal UI scheme implies that the structural gross unemployment rate

is (slightly) lowered relative to the optimal uniform policy. However, this decrease in the

unconditional mean of u+ k is very small, namely 0.002%.

The public budget has a deficit of 0.0125 during recessions and a surplus of 0.0125 during

booms; i.e., the semi-elasticity of the budget surplus with respect to productivity is approxi-

mately 0.00125, which measures the change in the budget surplus for a 1% increase in produc-

tivity. This is an increase of almost 16% compared to the optimal uniform UI scheme where

the semi-elasticity is 0.00108.

Again, we find the optimal UIB duration and entitlement requirement when the UIB and

SA levels are fixed (at the optimal uniform levels). The results are in Table 3.8.

Table 3.8: Optimal business cycle dependent UIB duration and entitlement requirement when
UIB and SA levels are fixed (the optimal uniform policy is index 100)

pGK,U pBK,U pGE,N pBE,N
107.8 95.1 105.6 96.5

Thus, also when UIB and SA levels are business cycle invariant, the optimal UIB duration

and entitlement requirement are both countercyclical. Furthermore, the response of the UIB

duration is stronger than when benefit levels are also adjusted, whereas the response of the

entitlement requirement is weaker.

To investigate the trade-off between UIB duration and reentitlement requirement in our

business cycle model, in Tables 3.9 and 3.10 we find the optimal business cycle dependent UIB

duration and entitlement requirement, respectively, when the three remaining instruments are

invariant.

Table 3.9: Optimal business cycle dependent UIB duration when the other three instruments
are invariant (the optimal uniform policy is index 100)

pGK,U pBK,U
106.4 95.9
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Table 3.10: Optimal business cycle dependent entitlement requirement when the other three
instruments are invariant (the optimal uniform policy is index 100)

pGE,N pBE,N
97.7 101.7

From Table 3.9 we see that the optimal UIB duration is also countercyclical when only

this instrument is state contingent, whereas Table 3.10 shows that the optimal entitlement

requirement is procyclical when benefit levels and UIB duration are fixed. Thus, as in the

steady state version of our model the UIB duration dominates the reentitlement requirement,

and therefore in Table 3.8 the latter is used to mitigate some of the negative labor market

consequences of a (even more) countercyclical UIB duration.

The UI scheme in Table 3.9 where only the duration of benefits depends on the business

cycle situation closely resembles the US system, in which the benefit duration can be extended

when the (local) unemployment rate is high. The Canadian system, on the other hand, is

more sophisticated in this respect since it operates with business cycle contingencies in three

dimensons (level, duration, and eligibility), and therefore Table 3.7 is the relevant comparison.

To sum up, Tables 3.7-3.10 all show that in the business cycle version of our model, where

the public budget balances across states, the optimal UI scheme has countercyclical generosity,

independently of which instruments are used.

Distortions across the business cycle

To gain more insights on the results from the previous section, Table 3.16 in Appendix 3.G

shows the effects on (gross) unemployment and search efforts of a 1% increase in the eight

policy instruments, one at a time. Hence, we investigate the distortionary effects of the four

elements of the UI scheme, and how these distortions vary across the business cycle.

We see that aggregate search increases when the generosity of the UI system is increased,

i.e., higher benefit levels, longer UIB duration, or faster reentitlement for UIB, mainly because

gross unemployment increases.

The average search intensities across the business cycle are distorted more for both UIB-

unemployed and SA-unemployed when increasing UI generosity in bad times compared to good

times, no matter which of the four elements of the UI scheme we consider. Furthermore,

the distortionary effects from making the UI scheme more generous are countercyclical in the

sense that higher benefits levels, longer duration, or faster reentitlement in bad times distort

UIB-search intensity in bad times more than increased UI generosity in good times distorts

UIB-search intensity in good times. Hence, in this respect our results are consistent with Ek

(2012) but in contrast to Andersen & Svarer (2010) who find that the distortionary effect of

UIB on search intensity is procyclical. The reason is that in our model as well as in Ek (2012)
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unemployed search harder in good times than in bad times, whereas the opposite is the case in

Andersen & Svarer (2010).

The countercyclical nature of UI distortions on search intensities causes the distortions on

average UIB-unemployment, average SA-unemployment and average gross unemployment to

be countercyclical as well. With this in mind, it may be surprising that the optimal business

cycle dependent UI scheme causes the structural gross unemployment rate to drop compared to

the optimal uniform UI scheme. However, as we saw in Tables 3.7-3.10, the optimal UI policy

is asymmetric; i.e., the generosity of the UI scheme is decreased more in good times than it is

increased in bad times, and therefore the average level of u+ k can still fall.

The role of risk aversion

As in the steady state version of our model, we are interested in the importance of preferences,

in particular risk aversion, for the optimal UI scheme. Therefore, Table 3.11 shows the optimal

uniform UI scheme, with business cycle invariant instruments, for different levels of risk aversion,

η, relative to the optimal uniform UI scheme in the benchmark (η = −0.5).

Table 3.11: Optimal uniform UI scheme for different levels of risk aversion (the similar policy
in the benchmark is index 100)

η −3.00 −0.75 −0.50 −0.25
biU 111.7 102.2 100.0 97.2
biK 189.8 115.0 100.0 82.3
piK,U 135.7 103.2 100.0 97.2
piE,N 120.1 100.1 100.0 100.9

with i = G,B.

Our findings are consistent with, and actually quite similar to, those from the steady state

model; that is, optimal benefit levels are increasing in the degree of risk aversion, the UIB

duration is decreasing in η, and the reentitlement requirement is looser for both higher and

lower degrees of risk aversion.

Turning to the case where the UI instruments are allowed to vary over the business cycle,

an interesting pattern emerges. In Tables 3.17-3.20 in Appendix 3.G we present the optimal

UI schemes over the business cycle for different degrees of risk aversion, relative to the optimal

uniform policy with the same η. We see that in most cases the qualitative response of the UI

instruments to business cycle fluctuations is independent of the degree of risk aversion. Hence,

UIB benefits should be higher in bad times and lower in good times, UIB duration is longer

across bad times, and reentitlement conditions are tighter in bad times when all UI instruments

are allowed to vary with the business cycle. However, the SA level is countercyclical for high

levels of risk aversion (−3 or −0.75), but procyclical for low levels (−0.5 or −0.25) since for
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high degrees of risk aversion the insurance effect of SA dominates the negative labor market

effects (distortions). Also when benefit levels are kept fixed, the qualitative change in UIB

duration and reentitlement requirement over the business cycle is independent of η.

However, the magnitudes of these responses are highly dependent on the degree of risk

aversion, and in all cases the dependence of the UI instruments on the business cycle situation

should be increasing in the degree of risk aversion; e.g., with η = −3 the UIB level is 5.8%

higher in bad times than the optimal uniform policy, but only 2.6% higher with η = −0.25.

This way of presenting the results is informative about the response of the eight UI policy

instruments to business cycle fluctuations, i.e., sign and magnitude of response, but makes it

hard to compare the UI policies across different levels of risk aversion. Since the main purpose

of this section is to compare UI schemes for different η’s, below we show the same optimal UI

schemes but now presented relative to the similar policy in the benchmark (η = −0.5).

Table 3.12 shows the optimal business cycle dependent UI scheme when all instruments are

allowed to vary.

Table 3.12: Optimal business cycle dependent UI scheme for different levels of risk aversion
(the similar policy in the benchmark is index 100)

η −3.00 −0.75 −0.50 −0.25
bGU 106.4 101.6 100.0 97.9
bBU 114.6 102.7 100.0 96.7
bGK 170.6 112.7 100.0 84.7
bBK 200.8 116.3 100.0 81.1
pGK,U 144.6 104.0 100.0 96.4
pBK,U 120.1 102.2 100.0 98.0
pGE,N 130.1 100.6 100.0 100.5
pBE,N 114.8 100.0 100.0 100.9

We see that similar to the optimal uniform UI scheme, optimal benefit levels are increasing

in the degree of risk aversion, the UIB duration is decreasing in η, and the reentitlement

requirement is looser for both higher and lower degrees of risk aversion. For the benefit levels

the percentage changes are larger in bad times than in good times, and as discussed above for the

SA level this asymmetry is sufficiently strong to overturn the procyclicality from the benchmark.

Hence, the countercyclicality of UI generosity is strengthened for higher risk aversion. On the

other hand, the percentage changes in UIB duration and employment condition are smaller in

bad times than in good times.

Finally, to isolate the trade-off between UIB duration and reentitlement requirement, Tables

3.13-3.15 show the optimal UI scheme over the business cycle when only these two instruments

are state contingent, when only the UIB duration is, and when only the reentitlement require-

ment is, respectively.
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Table 3.13: Optimal business cycle dependent UIB duration and entitlement requirement when
UIB and SA levels are fixed for different levels of risk aversion (the similar policy
in the benchmark is index 100)

η −3.00 −0.75 −0.50 −0.25
pGK,U 186.4 107.0 100.0 93.8
pBK,U 102.2 100.7 100.0 99.4
pGE,N 140.2 100.9 100.0 100.2
pBE,N 117.0 100.0 100.0 101.1

Table 3.14: Optimal business cycle dependent UIB duration when the other three instruments
are invariant for different levels of risk aversion (the similar policy in the benchmark
is index 100)

η −3.00 −0.75 −0.50 −0.25
pGK,U 180.9 106.8 100.0 94.0
pBK,U 102.7 100.7 100.0 99.4

Table 3.15: Optimal business cycle dependent entitlement requirement when the other three
instruments are invariant for different levels of risk aversion (the similar policy in
the benchmark is index 100)

η −3.00 −0.75 −0.50 −0.25
pGE,N 88.0 97.0 100.0 103.9
pBE,N 155.2 102.4 100.0 98.7

All three tables confirm the results from above, i.e., the reentitlement requirement is the

dominated instrument, and therefore it is countercyclical when both instruments are state

contingent in order to mitigate some of the negative labor market effects of countercyclical UIB

duration, but procyclical when this is the only state contingent UI instrument.

Interestingly, the strengthened countercyclicality of the UIB duration for higher levels of

risk aversion is achieved by lowering the duration in both aggregate states, but with a much

larger drop in good times than in bad times. This, however, does not imply that the UI scheme

is less generous for higher degrees of risk aversion since the benefit levels (although invariant

across the cycle) are much higher, cf. Table 3.11.

3.6 Concluding remarks

In this paper we have considered the role of unemployment benefit reentitlement conditions

when designing the optimal unemployment insurance (UI) scheme in a search-matching frame-

work. We have shown that a reentitlement requirement can work as a substitute to the benefit
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duration. Furthermore, the underlying economic structure and preferences, captured by dif-

ferences in productivity and risk aversion, respectively, may in part explain the variation in

UI schemes across OECD countries. In a business cycle version of our model, the optimal

UI scheme is business cycle dependent and provides better insurance during recessions with-

out leading to a rise in structural unemployment; i.e., the trade-off between incentives and

insurance can be improved compared to a business cycle invariant UI scheme.

An important issue which we do not address in this paper is the matter of implementing

a business cycle dependent UI scheme in practice. As mentioned above, such schemes are

already implemented in e.g. the US and Canada, but there is almost no literature on the

practical implementation issues, for example how to choose the trigger for extending/reducing

the reentitlement requirement and the benefit duration. The optimal trigger may very well

vary for the different UI instruments.

Furthermore, we have restricted attention to a particular shock, namely a productivity

shock, but in practice it may be close to impossible to condition the UI scheme on a particular

type of shock, and therefore more research is needed to analyze how the optimal UI scheme

responds to different kinds of shocks.
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Appendices

3.A Resource balance condition

In this appendix we show that the resource balance condition (or goods-market equilibrium

condition) is fulfilled.

First, aggregate output net of vacancy costs is found by aggregating over all firms, that is

ey + ny − vκ.

Second, aggregate consumption is

e [wE (1− τ) + Π] + n [wN (1− τ) + Π] + u [bU + Π] + k [bK + Π]

and using the public budget requirement (3.9) we can rewrite aggregate consumption to

ewE + nwN + Π.

Inserting for Π ≡ e [y − wE] + n [y − wN ]− vκ yields

ey + ny − vκ

and hence, we have shown that aggregate output net of vacancy costs equals aggregate con-

sumption, which is the resource balance condition of this economy.

3.B Search and the properties of the unemployment

insurance scheme

The first order conditions determining search can conveniently be written

ΛU
s (sU , bU , τ, α, VE − VU) ≡ −∂g (bU + Π, 1− sU)

∂sU
+ α [VE − VU ] = 0

ΛK
s (sK , bK , τ, α, VN − VK) ≡ −∂g (bK + Π, 1− sK)

∂sK
+ α [VN − VK ] = 0
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and the associated second order conditions read (sub-indices indicate derivatives wrt. to the

variable stated)

ΛU
ss (·) < 0

ΛK
ss (·) < 0.

In the following the benefits levels (bU , bK) are given, as are all ”macro variables” (τ, α, wU , wN),

and we are interested in the role of pK,U and pE,N . Totally differentiating we find

ΛU
ssdsU + ΛU

szdz = 0 for z = pK,U , pE,N .

It follows that
dsU
dz

= −ΛU
sz

ΛU
ss

and hence

Sign

[
dsU
dz

]
= Sign

[
ΛU
sz

]
where

ΛU
sz = α

d [VE − VU ]

dz
, with z = pK,U , pE,N .

Similar expressions apply for sK .

Hence, to clarify how (pK,U , pE,N) affect search for U- and K-types we need to know how

VE − VU and VN − VK are affected. Defining the short-hands

hE (·) ≡ h (wE [1− τ ] + Π, 1− l)

hN (·) ≡ h (wN [1− τ ] + Π, 1− l)

gU (·) ≡ g (bU + Π, 1− sU)

gK (·) ≡ g (bK + Π, 1− sK)

and using the value functions, we have

ρ [VE − VU ] = hE (·)− gU (·) + pU,E [VU − VE]− αsU [VE − VU ]− pK,U [VK − VU ]

ρ [VN − VK ] = hN (·)− gK (·) + pU,E [VK − VN ]− αsK [VN − VK ] + pE,N [VE − VN ]

implying

ρ [VE − VU ] = hE (·)− gU (·) + pU,E [VU − VE]− αsU [VE − VU ]− pK,U [VK − VE + VE − VU ]

ρ [VN − VK ] = hN (·)− gK (·) + pU,E [VK − VN ]− αsK [VN − VK ] + pE,N [VE − VK + VK − VN ]

and thus

[VE − VU ] =
hE (·)− gU (·)− pK,U [VK − VE]

ρ+ pU,E + αsU + pK,U
(3.11)
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[VN − VK ] =
hN (·)− gK (·)− pE,N [VK − VE]

ρ+ pU,E + αsK + pE,N
. (3.12)

Using that

ρ [VK − VE] = gK (·)− hE (·) + αsK [VN − VK ]− pU,E [VU − VE]

(3.11) and (3.12) implies

[ρ+ pU,E + αsU + pK,U ] [VE − VU ] =hE (·)− gU (·)− pK,U
ρ

[gK (·)− hE (·)

+ αsK [VN − VK ]− pU,E [VU − VE]]

[ρ+ pU,E + αsK + pE,N ] [VN − VK ] =hN (·)− gK (·)− pE,N
ρ

[gK (·)− hE (·)

+ αsK [VN − VK ]− pU,E [VU − VE]]

which in turn can be written[
ρ+ pU,E + αsU + pK,U +

pK,U
ρ

pU,E

]
[VE − VU ] =hE (·)− gU (·) +

pK,U
ρ

[hE (·)− gK (·)

− αsK [VN − VK ]][
ρ+ pU,E + αsK + pE,N +

pE,N
ρ

αsK

]
[VN − VK ] =hN (·)− gK (·) +

pE,N
ρ

[hE (·)− gK (·)

− pU,E [VE − VU ]].

Totally differentiating yields

[VE − VU ] (1 +
pU,E
ρ

)dpK,U + A1d [VE − VU ] =
1

ρ
A2dpK,U −

pK,U
ρ

αsKd [VN − VK ]

[VN − VK ]

[
1 +

1

ρ
αsK

]
dpE,N +B1d [VN − VK ] =

1

ρ
B2dpE,N −

pE,N
ρ

pU,Ed [VE − VU ]

where

A1 ≡
[
ρ+ pU,E + αsU + pK,U +

pK,U
ρ

pU,E

]
> 0

A2 ≡ [hE (·)− gK (·)− αsK [VN − VK ]] Q 0

B1 ≡ ρ+ pU,E + αsK + pE,N +
pE,N
ρ

αsK > 0

B2 ≡ hE (·)− gK (·)− pU,E [VE − VU ] Q 0.

Hence,

A1d [VE − VU ] =

[
1

ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)

]
dpK,U −

pK,U
ρ

αsKd [VN − VK ] (3.13)

B1d [VN − VK ] =

[
1

ρ
B2 − [VN − VK ]

[
1 +

1

ρ
αsK

]]
dpE,N −

pE,N
ρ

pU,Ed [VE − VU ] .(3.14)
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Before proceeding we prove that

1

ρ
B2 − [VN − VK ]

[
1 +

1

ρ
αsK

]
> 0

or

hE (·)− gK (·)− pU,E [VE − VU ] > [VN − VK ] [ρ+ αsK ] .

We have from the value functions that

[ρ+ αsK ] [VN − VK ] = hN (·)− gK (·) + pU,E [VK − VN ] + pE,N [VE − VN ]

and hence, the inequality can be rewritten

hE (·)− hN (·)− pU,E [VE − VU ] > pU,E [VK − VN ] + pE,N [VE − VN ] .

Using that

ρ [VE − VN ] = hE (·)− hN (·) + pU,E [VU − VE]− pU,E [VK − VN ]− pE,N [VE − VN ]

we have that the inequality reduces to

ρ [VE − VN ] > 0

which is fulfilled.

We also prove that 1
ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

) > 0 or

hE (·)− gK (·)− αsK [VN − VK ] > [VE − VU ] (ρ+ pU,E).

We have from the value functions that

(ρ+ pU,E) [VE − VU ] = hE (·)− gU (·)− αsU [VE − VU ]− pK,U [VK − VU ]

and hence, the inequality can be written

gU (·)− gK (·) > αsK [VN − VK ]− αsU [VE − VU ]− pK,U [VK − VU ] .

Using that

ρ [VU − VK ] = gU (·)− gK (·) + αsU [VE − VU ] + pK,U [VK − VU ]− αsK [VN − VK ]

the inequality reduces to

ρ [VU − VK ] > 0

which is fulfilled.
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Finally, also note that

B1 −
pE,N
ρ

pU,E
pK,U
ρ

αsK
A1

=
1

A1

[
A1B1 −

pE,N
ρ

pU,E
pK,U
ρ

αsK

]
> 0.

Returning to (3.13) and (3.14) we have for dpK,U = 0 that

A1d [VE − VU ] = −pK,U
ρ

αsKd [VN − VK ]

[
B1 −

pE,N
ρ

pU,E
pK,U
ρ

αsK
A1

]
d [VN − VK ] =

[
1

ρ
B2 − [VN − VK ]

[
1 +

1

ρ
αsK

]]
dpE,N

d [VN − VK ] =

[
1
ρ
B2 − [VN − VK ]

[
1 + 1

ρ
αsK

]]
[
B1 − pE,N

ρ
pU,E

pK,U
ρ

αsK
A1

] dpE,N

d [VE − VU ] = − 1

A1

pK,U
ρ

αsK

[
1
ρ
B2 − [VN − VK ]

[
1 + 1

ρ
αsK

]]
[
B1 − pE,N

ρ
pU,E

pK,U
ρ

αsK
A1

] dpE,N

d [VN − VK ]

d [VE − VU ]
=

[
− 1

A1

pK,U
ρ

αsK

]−1

d [VN − VK ]

dpE,N
=

[
1
ρ
B2 − [VN − VK ]

[
1 + 1

ρ
αsK

]]
[
B1 − pE,N

ρ
pU,E

pK,U
ρ

αsK
A1

]
d [VE − VU ]

dpE,N
= − 1

A1

pK,U
ρ

αsK

[
1
ρ
B2 − [VN − VK ]

[
1 + 1

ρ
αsK

]]
[
B1 − pE,N

ρ
pU,E

pK,U
ρ

αsK
A1

]
and for dpE,N = 0 that

B1d [VN − VK ] = −pE,N
ρ

pU,Ed [VE − VU ][
A1 −

pE,N
ρ

pU,E
pK,U
ρ

αsK
B1

]
d [VE − VU ] =

[
1

ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)

]
dpK,U

d [VE − VU ] =

[
1
ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)
]

[
A1 − pE,N

ρ
pU,E

pK,U
ρ

αsK
B1

] dpK,U

d [VN − VK ] =
−1

B1

pE,N
ρ

pU,E

[
1
ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)
]

[
A1 − pE,N

ρ
pU,E

pK,U
ρ

αsK
B1

] dpK,U

d [VN − VK ]

d [VE − VU ]
=
−1

B1

pE,N
ρ

pU,E
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d [VE − VU ]

dpK,U
=

[
1
ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)
]

[
A1 − pE,N

ρ
pU,E

pK,U
ρ

αsK
B1

]
d [VN − VK ]

dpK,U
=
−1

B1

pE,N
ρ

pU,E

[
1
ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)
]

[
A1 − pE,N

ρ
pU,E

pK,U
ρ

αsK
B1

] .

Hence, we have established the following signs

d [VN − VK ] d [VE − VU ]

dpE,N > 0 < 0

dpK,U < 0 > 0

.

This implies that

dsU
dpK,U

> 0 ;
dsK
dpK,U

< 0

dsU
dpE,N

< 0 ;
dsK
dpE,N

> 0.

Marginal rates of substitution

Consider next the marginal rates of return, i.e., combinations of pK,U and pE,N leaving VE−VU
and thus search sU unchanged (and similarly for sK). Using

A1d [VE − VU ] =

[
1

ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)

]
dpK,U −

pK,U
ρ

αsKd [VN − VK ]

B1d [VN − VK ] =

[
1

ρ
B2 − [VN − VK ]

[
1 +

1

ρ
αsK

]]
dpE,N −

pE,N
ρ

pU,Ed [VE − VU ]

and imposing d [VE − VU ] = 0, we obtain

0 =

[
1

ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)

]
dpK,U −

pK,U
ρ

αsK
B1

[
1

ρ
B2 − [VN − VK ]

[
1 +

1

ρ
αsK

]]
dpE,N

and hence,

dpK,U
dpE,N

|[VE−VU ]=constant=

pK,U
ρ

αsK
B1

[
1
ρ
B2 − [VN − VK ]

[
1 + 1

ρ
αsK

]]
[

1
ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)
] > 0.

Similarly, for sK where we have that d [VN − VK ] = 0 implies

0 =

[
1

ρ
B2 − [VN − VK ]

[
1 +

1

ρ
αsK

]]
dpE,N −

pE,N
ρ

pU,E
A1

[
1

ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)

]
dpK,U

and hence,

dpE,N
dpK,U

|[VN−VK ]=const=

pE,N
ρ

pU,E
A1

[
1
ρ
A2 − [VE − VU ] (1 +

pU,E
ρ

)
]

[
1
ρ
B2 − [VN − VK ]

[
1 + 1

ρ
αsK

]] > 0.
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Note that (recall that A1 > 0 and B1 > 0)

dpK,U
dpE,N

|[VE−VU ]=constant
dpE,N
dpK,U

|[VN−VK ]=const=
pK,U
ρ

αsK
B1

pE,N
ρ

pU,E
A1

Q 1.

From the envelope theorem we know that the utility effect of a given policy change is given by

the direct utility effects (all indirect effects via behavior wash out via first order conditions).

d [VN − VK ] d [VE − VU ]

dpE,N > 0 < 0

dpK,U < 0 > 0

and

ρVE = h (w [1− τ ] + Π, 1− l) + pU,E [VU − VE]

ρVN = h (w [1− τ ] + Π, 1− l) + pU,E [VK − VN ] + pE,N [VE − VN ]

ρVU = g (bU + Π, 1− sU) + αsU [VE − VU ] + pK,U [VK − VU ]

ρVK = g (bK + Π, 1− sK) + αsK [VN − VK ]

we thus have: i) an increase in pK,U leads to a decrease in VE and a decrease in VK , while there

is an ambiguous effect on VN and VU , ii) an increase in pE,N leads to an increase in VE and an

increase in VK , while there is an ambiguous effect on VN and VU .

Iso-gross unemployment loci

Note first that we have

u =
pE,N
pK,U

n

implying

k =
pU,E + pE,N

αsK
n =

pU,E + pE,N
αsK

pK,U
pE,N

u

and

u =
pU,E

αsU + pK,U + pU,E + pU,E
pU,E+pE,N

αsK

pK,U
pE,N

+ pU,E
pK,U
pE,N

e = 1− u− n− k

= 1− (1− pK,U
pE,N

− pU,E + pE,N
αsK

pK,U
pE,N

)
pU,E

αsU + pK,U + pU,E + pU,E
pU,E+pE,N

αsK

pK,U
pE,N

+ pU,E
pK,U
pE,N

= 1− (
pE,NαsK − (αsK + pU,E + pE,N) pK,U

αsKpE,N
)

pU,E

αsU + pK,U + pU,E + pU,E
pU,E+pE,N

αsK

pK,U
pE,N

+ pU,E
pK,U
pE,N

.

It follows that gross unemployment (u+ k) is given as

u+ k = u

[
1 +

pU,E + pE,N
αsK

pK,U
pE,N

]
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=
pU,E

[
1 +

pU,E+pE,N
αsK

pK,U
pE,N

]
αsU + pK,U + pU,E + pU,E

pU,E+pE,N
αsK

pK,U
pE,N

+ pU,E
pK,U
pE,N

< 1

or

1

u+ k
= 1 +

αsU + pK,U + pU,E
pK,U
pE,N

pU,E +
pU,E+pE,N

αsK

pK,U
pE,N

pU,E
> 1

= 1 +
αsU + pK,U +

pU,E
pE,N

pK,U

pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

.

Where

∂

∂sU

(
1

u+ k

)
=

α

pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

> 0

∂

∂sK

(
1

u+ k

)
=

αsU + pK,U +
pU,E
pE,N

pK,U[
pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

]2

[
α

pU,E
pE,N

+ 1

[αsK ]2
pK,UpU,E

]
> 0

∂

∂pEN

(
1

u+ k

)
=

pK,U

[
pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

]
−
[
αsU + pK,U +

pU,E
pE,N

pK,U

] [
pK,UpU,E
αsK

]
[
pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

]2 (− pU,E
p2
E,N

)

=
pK,U

[
pU,E + 1

αsK
pK,UpU,E

]
− [αsU + pK,U ]

[
pK,UpU,E
αsK

]
[
pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

]2 (− pU,E
p2
E,N

)

=
pK,UpU,E

[
1− sU

sK

]
[
pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

]2 (− pU,E
p2
E,N

) Q 0 for
sU
sK

Q 1

∂

∂pKU

(
1

u+ k

)
=

[
1 +

pU,E
pE,N

] [
pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

]
−
[
αsU + pK,U +

pU,E
pE,N

pK,U

] [ pU,E
pE,N

+1

αsK
pU,E

]
[
pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

]2

=

[
1 +

pU,E
pE,N

] [
pU,E +

pK,UpU,E
αsK

]
− [αsU + pK,U ]

[ pU,E
pE,N

+1

αsK
pU,E

]
[
pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

]2
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=
pU,E − αsU 1

αsK
pU,E[

pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

]2

[
1 +

pU,E
pE,N

]
< 0

=
pU,E

(
1− sU

sK

) [
1 +

pU,E
pE,N

]
[
pU,E +

pU,E
pE,N

+1

αsK
pK,UpU,E

]2 Q 0 for
sU
sK

R 1.

Hence, the gross unemployment can be written in implicit form as

u+ k = F (sU (pK,U , pE,N) , sK (pK,U , pE,N) , pK,U , pE,N)

Note that

sign
∂F (·)
∂z

= −sign ∂
∂z

(
1

u+ k

)
.

It follows that

∂F (·)
∂sU

< 0 ;
∂F (·)
∂sK

< 0

sign

(
∂F (·)
∂pK,U

)
= sign(sU − sK)

sign

(
∂F (·)
∂pE,N

)
= −sign

(
∂F (·)
∂pK,U

)
.

We have that

d(u+ k) =
∂F (·)
∂sU

dsU +
∂F (·)
∂sK

dsK +
∂F (·)
∂pK,U

dpK,U +
∂F (·)
∂pE,N

dpE,N

=
∂F (·)
∂sU

[
∂sU
∂pK,U

dpK,U +
∂sU
∂pE,N

dpE,N

]
+
∂F (·)
∂sK

[
∂sK
∂pK,U

dpK,U +
∂sK
∂pE,N

dpE,N

]
+
∂F (·)
∂pK,U

dpK,U +
∂F (·)
∂pE,N

dpE,N .

For d(u+ k) = 0 we have

−
[
∂F (·)
∂pE,N

+
∂sU
∂pE,N

∂F (·)
∂sU

+
∂sK
∂pE,N

∂F (·)
∂sK

]
dpE,N =

[
∂F (·)
∂pK,U

+
∂sK
∂pK,U

∂F (·)
∂sK

+
∂sU
∂pK,U

∂F (·)
∂sU

]
dpK,U

dpE,N
dpK,U

= −
∂F (·)
∂pK,U

+ ∂sK
∂pK,U

∂F (·)
∂sK

+ ∂sU
∂pK,U

∂F (·)
∂sU

∂F (·)
∂pE,N

+ ∂sU
∂pE,N

∂F (·)
∂sU

+ ∂sK
∂pE,N

∂F (·)
∂sK

. (3.15)

Notice that

dsU
dpK,U

> 0;
dsK
dpK,U

< 0

dsU
dpE,N

< 0;
dsK
dpE,N

> 0.

Hence, the numerator and denominator of (3.15) are in general ambiguously signed.
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3.C Social welfare function

This appendix derives the social welfare function. From the value functions

ρVE = h (wE [1− τ ] + Π, 1− le) + pU,E [VU − VE]

ρVN = h (wN [1− τ ] + Π, 1− le) + pU,E [VK − VN ] + pE,N [VE − VN ]

ρVU = g (bU + Π, 1− sU) + αsU [VE − VU ] + pK,U [VK − VU ]

ρVK = g (bK + Π, 1− sK) + αsK [VN − VK ]

we get

ρ [eVE + nVN + uVU + kVK ] = ehE (·) + nhN (·) + ugU (·) + kg (·) + ∆

where

∆ ≡ epU,E [VU − VE] + npU,E [VK − VN ] + npE,N [VE − VN ] + uαsU [VE − VU ]

+upK,U [VK − VU ] + kαsK [VN − VK ]

= [uαsU + npE,N − epU,E]VE + [epU,E − uαsU − upK,U ]VU + [kαsK − npU,E − npE,N ]VN

+ [upK,U − npU,E − kαsK ]VK .

Using the flow equilibrium conditions

(1− u− k − n) pU,E = αsUu+ pK,Uu

npU,E + pK,Uu = αsKk

αsKk = pU,En+ pE,Nn

we arrive at ∆ = 0.

3.D Optimal social safety net

In this appendix we consider the problem of finding the optimal social safety net analytically.

To simplify the calculations we consider the case where ρ → 0 implying that profits are zero

(see Appendix 3.E). The numerical analyses consider the more general case (ρ > 0; Π > 0).

Two-tier benefit scheme

Consider first the question whether the optimal benefit scheme has two tiers. We assume that

employment automatically yields eligibility for unemployment benefits (pE,N → ∞, n → 0).

Hence, the following is basically asking the same question as in Fredriksson & Holmlund (2001)

although in a somewhat more general setting.
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The optimal policy satisfies (the associated second order conditions are assumed fulfilled)

∂Ω

∂bU
= hE (·) ∂e (·)

∂bU
+ gU (·) ∂u (·)

∂bU
+ gK (·) ∂k (·)

∂bU
+ e

∂hE (·)
∂bU

+ u
∂gU (·)
∂bU

+ k
∂gK (·)
∂bU

= 0

∂Ω

∂bK
= hE (·) ∂e (·)

∂bK
+ gU (·) ∂u (·)

∂bK
+ gK (·) ∂k (·)

∂bK
+ e

∂hE (·)
∂bK

+ u
∂gU (·)
∂bK

+ k
∂gK (·)
∂bK

= 0

∂Ω

∂pK,U
= hE (·) ∂e (·)

∂pK,U
+ gU (·) ∂u (·)

∂pK,U
+ gK (·) ∂k (·)

∂pK,U
+ e

∂hE (·)
∂pK,U

+ u
∂gU (·)
∂pK,U

+ k
∂gK (·)
∂pK,U

= 0.

The key question here is whether pK,U > 0; i.e., is it optimal to have a finite duration of un-

employment benefits after which unemployed are offered a lower social assistance? A sufficient

condition for this to be the case is

lim
pK,U→0

∂Ω

∂pK,U
> 0

i.e., the introduction of a second tier should improve welfare starting out from a one-tier scheme.

We have that (since k → 0 for pK,U → 0)

lim
pK,U→0

∂Ω

∂pK,U
= hE (·) ∂e (·)

∂pK,U
+ gU (·) ∂u (·)

∂pK,U
+ gK (·) ∂k (·)

∂pK,U
+ e

∂hE (·)
∂pK,U

+ u
∂gU (·)
∂pK,U

and using 1 = e+ u+ k it follows that

lim
pK,U→0

∂Ω

∂pK,U
= [gU (·)− hE (·)] ∂u

∂pK,U
+ [gK (·)− hE (·)] ∂k

∂pK,U
+ e

∂hE (·)
∂pK,U

+ u
∂gU (·)
∂pK,U

.

The welfare effect thus has four terms. Hence, welfare improves (deteriorates) if i) unemploy-

ment decreases (increases) since gU (·)−hE (·) < 0, ii) the number of social assistance recipients

decreases (increases) since gK (·)− hE (·) < 0 , i) the instantaneous utility for those employed

and eligible for benefits increases (decreases), iv) the instantaneous utility for those receiving

UIB increases (decreases).

Using that (1− u− k) pU,E = αsUu+ pK,Uu we have

− ∂u

∂pK,U
pU,E −

∂k

∂pK,U
pU,E =

∂(αsU)

∂pK,U
u+ αsU

∂u

∂pK,U
+ u+ pK,U

∂u

∂pK,U

and using pK,Uu = αsKk we have

u+ pK,U
∂u

∂pK,U
=
∂(αsK)

∂pK,U
k + αsK

∂k

∂pK,U
.

In the limit for pK,U → 0 it follows that

u = αsK
∂k

∂pK,U
∂k

∂pK,U
=

u

αsK
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and hence

− ∂u

∂pK,U
pU,E −

∂k

∂pK,U
pU,E =

∂(αsU)

∂pK,U
u+ αsU

∂u

∂pK,U
+ u

− u

αsK
pU,E =

∂(αsU)

∂pK,U
u+ [αsU + pU,E]

∂u

∂pK,U
+ u

[αsU + pU,E]
∂u

∂pK,U
= − u

αsK
pU,E −

∂(αsU)

∂pK,U
u− u

∂u

∂pK,U
=
− u
αsK

pU,E − ∂(αsU )
∂pK,U

u− u
αsU + pU,E

.

A sufficient condition for ∂u
∂pK,U

< 0 is ∂(αsU )
∂pK,U

> 0. Note that

∂e

∂pK,U
= −

[
∂u

∂pK,U
+

∂k

∂pK,U

]
αsK

=

[
pU,E

αsU + pU,E

∂k

∂pK,U
− 1

]
∂k

∂pK,U
+

∂(αsU )
∂pK,U

u+ u

αsU + pU,E

= − αsU
αsU + pU,E

∂k

∂pK,U
+

∂(αsU )
∂pK,U

u+ u

αsU + pU,E

= −
αsU
αsK

u

αsU + pU,E
+

∂(αsU )
∂pK,U

u+ u

αsU + pU,E

=
1− sU

sK

αsU + pU,E
u+

∂(αsU )
∂pK,U

u

αsU + pU,E

and sufficient conditions for ∂e
∂pK,U

> 0 are sU
sK

< 1 or sK > sU and ∂(αsU )
∂pK,U

> 0.

To sum up, we have shown that for pK,U → 0

∂k

∂pK,U
> 0

∂u

∂pK,U
< 0 under the sufficient condition that

∂(αsU)

∂pK,U
> 0

∂e

∂pK,U
> 0 under the sufficient conditions that

∂(αsU)

∂pK,U
> 0 and sK > sU .

Note also that
∂hE (·)
∂pK,U

=
∂hE(·)
∂IE

[
(1− τ)

∂wE
∂pK,U

− wE
∂τ

∂pK,U

]
i.e., for the employed eligible for UIB to be better off requires an increase in the disposable

income. In the case where the wage is independent of pK,U , this only requires that the tax falls,

which follows from an increase in employment, cf. above.

Furthermore, we have that
∂gU (·)
∂pK,U

=
∂gU (·)
∂sU

∂sU
∂pK,U
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which is negative for ∂sU
∂pK,U

> 0.

Hence, the sign of ∂Ω
∂pK,U

|pK,U=0 is ambiguous, and under the sufficient conditions listed

above only the first and the third welfare effects work in favor of a two-tier benefit scheme.

Therefore, it is not a general result that the optimal UI scheme exhibits two tiers.

Employment as an eligibility condition

Consider next whether it is optimal to include an employment condition as part of the eligibility

conditions in the benefit scheme; that is, is it optimal to have 0 < pE,N <∞?

Notice first that pE,N → 0 effectively implies that the system becomes a one-tier system, cf.

above. Hence, if the condition ensuring that the optimality of a two-tier scheme is satisfied, it

follows that pE,N > 0. The question is whether employment automatically implies entitlement

for unemployment benefits, or whether there should be certain employment requirements for

such eligibility (pE,N <∞).

The optimal policy in this case is characterized by

∂Ω

∂bU
= hE (·) ∂e

∂bU
+ hN (·) ∂n

∂bU
+ gU (·) ∂u

∂bU
+ gK (·) ∂k

∂bU

+e
∂hE (·)
∂bU

+ n
∂hN (·)
∂bU

+ u
∂gU (·)
∂bU

+ k
∂gK (·)
∂bU

= 0

∂Ω

∂bK
= hE (·) ∂e

∂bK
+ hN (·) ∂n

∂bK
+ gU (·) ∂u

∂bK
+ gK (·) ∂k

∂bK

+e
∂hE (·)
∂bK

+ n
∂hN (·)
∂bK

+ u
∂gU (·)
∂bK

+ k
∂gK (·)
∂bK

= 0

∂Ω

∂pK,U
= hE (·) ∂e

∂pK,U
+ hN (·) ∂n

∂pK,U
+ gU (·) ∂u

∂pK,U
+ gK (·) ∂k

∂pK,U

+e
∂hE (·)
∂pK,U

+ n
∂hN (·)
∂pK,U

+ u
∂gU (·)
∂pK,U

+ k
∂gK (·)
∂pK,U

= 0

∂Ω

∂pE,N
= hE (·) ∂e

∂pE,N
+ hN (·) ∂n

∂pE,N
+ gU (·) ∂u

∂pE,N
+ gK (·) ∂k

∂pE,N

+e
∂hE (·)
∂pE,N

+ n
∂hN (·)
∂pE,N

+ u
∂gU (·)
∂pE,N

+ k
∂gK (·)
∂pE,N

= 0 .

For pE,N <∞ to be optimal we require

lim
pE,N→∞

∂Ω

∂pE,N
< 0.

The complexity of the model makes it difficult analytically to say something meaningful about

this condition. It is however clear that there are effects working both for and against pE,N <∞,

for example ∂gK
∂pE,N

= ∂gK
∂sK

∂sK
∂pE,N

< 0 for ∂sK
∂pE,N

> 0 and ∂gU
∂pE,N

= ∂gU
∂sU

∂sU
∂pE,N

> 0 for ∂sU
∂pE,N

< 0.
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3.E Profit

In this appendix we show that profits are zero for ρ = 0. We have that

Π = [y − wE] e+ [y − wN ]n− vκ.

Furthermore,

JEXP =
αsUuJE + αsKkJN
αsUu+ αsKk

=
sUuJE + sKkJN
sUu+ sKk

and

JEXP =
κ

q
= κ

v

s

1

α

where it has been used that m (θθ−1, θ) = θm (θ−1, 1) = m (1, θ) and hence

α

q
=

m (1, θ)

m (θ−1, 1)
= θ =

v

s
.

It follows that

κ

q
=

αsUuJE + αsKkJN
αsUu+ αsKk

κ
v

s

1

α
=

αsUuJE + αsKkJN
αs

κv = αsUuJE + αsKkJN .

Using that

JE =
1

ρ+ pU,E
[y − wE]

and

[ρ+ pU,E + pE,N ] JN = y − wN + pE,NJE

JN =
1

ρ+ pU,E + pE,N
[y − wN + pE,NJE]

JN =
1

ρ+ pU,E + pE,N

[
y − wN +

pE,N
ρ+ pU,E

[y − wE]

]
we get

κv = αsUu

[
1

ρ+ pU,E
[y − wE]

]
+ αsKk

[
1

ρ+ pU,E + pE,N

[
y − wN +

pE,N
ρ+ pU,E

[y − wE]

]]
=

[
αsUu

1

ρ+ pU,E
+

αsKk

ρ+ pU,E + pE,N

pE,N
ρ+ pU,E

]
[y − wE] + αsKk

1

ρ+ pU,E + pE,N
[y − wN ] .

From the flow equations we have

epU,E = αsUu+ pK,Uu

npU,E + pK,Uu = αsKk
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κv =

[
(epU,E − pK,Uu)

1

ρ+ pU,E
+

αsKk

ρ+ pU,E + pE,N

pE,N
ρ+ pU,E

]
[y − wE]

+
pU,E + pE,N

ρ+ pU,E + pE,N
n [y − wN ]

=

[
epU,E

1

ρ+ pU,E
− pK,Uu

1

ρ+ pU,E
+

αsKk

ρ+ pU,E + pE,N

pE,N
ρ+ pU,E

]
[y − wE]

+
pU,E + pE,N

ρ+ pU,E + pE,N
n [y − wN ]

=

[
epU,E

1

ρ+ pU,E
− pE,Nn

1

ρ+ pU,E
+

αsKk

ρ+ pU,E + pE,N

pE,N
ρ+ pU,E

]
[y − wE]

+
pU,E + pE,N

ρ+ pU,E + pE,N
n [y − wN ]

=

[
epU,E

1

ρ+ pU,E
+

[
αsKk

ρ+ pU,E + pE,N
− n

]
pE,N

ρ+ pU,E

]
[y − wE]

+
pU,E + pE,N

ρ+ pU,E + pE,N
n [y − wN ]

=

[
epU,E

1

ρ+ pU,E
+

[
αsKk − [ρ+ pU,E + pE,N ]n

ρ+ pU,E + pE,N

]
pE,N

ρ+ pU,E

]
[y − wE]

+
pU,E + pE,N

ρ+ pU,E + pE,N
n [y − wN ]

=

[
epU,E

1

ρ+ pU,E
+

[
−ρn

ρ+ pU,E + pE,N

]
pE,N

ρ+ pU,E

]
[y − wE] +

pU,E + pE,N
ρ+ pU,E + pE,N

n [y − wN ] .

Hence,

κv = e [y − wE] + n [y − wN ] for ρ = 0.

3.F Business cycle version

This appendix describes the business cycle version of our model. The economy is assumed to

shift between a good (G) and a bad (B) state, where a good state is characterized by a higher

productivity level, i.e., yG > yB. The transition rate from the good to the bad state is denoted

by πG, whereas πB denotes the transition rate from the bad to the good state. Hence, the

expected duration of a good (bad) state is 1/πG
(
1/πB

)
. For simplicity we follow Ek (2012)

and focus solely on steady states; i.e., the economy is assumed to jump directly between the

two states.

The value functions in each state are

ρV i
E = h

(
wiE [1− τ ] + Πi, 1− l

)
+ pU,E

[
V i
U − V i

E

]
+ πi

[
V j
E − V

i
E

]
ρV i

N = h
(
wiN [1− τ ] + Πi, 1− l

)
+ pU,E

[
V i
K − V i

N

]
+ piE,N

[
V i
E − V i

N

]
+ πi

[
V j
N − V

i
N

]
ρV i

U = g
(
biU + Πi, 1− siU

)
+ αisiU

[
V i
E − V i

U

]
+ piK,U

[
V i
K − V i

U

]
+ πi

[
V j
U − V

i
U

]
ρV i

K = g
(
biK + Πi, 1− siK

)
+ αisiK

[
V i
N − V i

K

]
+ πi

[
V j
K − V

i
K

]
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with i, j = G,B and i 6= j. Thus, the optimal search decisions imply

∂g (biU + Πi, 1− siU)

∂ (1− siU)
= αi

[
V i
E − V i

U

]
∂g (biK + Πi, 1− siK)

∂ (1− siK)
= αi

[
V i
N − V i

K

]
,

and aggregate search is given by

si = siUu
i + siKk

i.

The matching function is m (si, vi), and therefore we get the following job finding rate and job

filling rate

αi =
m (si, vi)

si
= m

(
1, θi

)
qi =

m (si, vi)

vi
= m

((
θi
)−1

, 1
)

where θi ≡ vi

si
and hence αi = α (θi), α′ (θi) > 0, qi = q (θi), q′ (θi) < 0.

Since we focus on steady states, the flow equilibrium conditions in each aggregate state are(
1− ui − ki − ni

)
pU,E = αisiUu

i + piK,Uu
i

nipU,E + piK,Uu
i = αisiKk

i

αisiKk
i = pU,En

i + piE,Nn
i

for unemployment, social assistance and non-eligible jobs, respectively.

Firms post vacancies to find vacant workers, and they are not allowed to post different types

of vacancies for UIB recipients and SA recipients. Thus, the value of a vacancy is expressed in

terms of the expected value of a filled job

ρJ iV = −κ+ qi
[
J iEXP − J iV

]
+ πi

[
J jV − J

i
V

]
where J iEXP is the expected value of a filled job. The free-entry-condition, J iV = J jV = 0, then

implies

J iEXP =
κ

qi
.

After a firm and a worker are matched, the firm knows whether the candidate is entitled to

UIB, and therefore the wage will depend on the worker’s UIB eligibility.

The value of a job filled with an UIB eligible worker is

ρJ iE = yi − wiE + pU,E
[
J iV − J iE

]
+ πi

[
J jE − J

i
E

]
,

whereas the value of a job filled with a non-eligible worker is

ρJ iN = yi − wiN + pU,E
[
J iV − J iN

]
+ piE,N

[
J iE − J iN

]
+ πi

[
J jN − J

i
N

]
.
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The expected value of a filled job is then

J iEXP =
αisiUu

iJ iE + αisiKk
iJ iN

αisiUu
i + αisiKk

i
=
siUu

iJ iE + siKk
iJ iN

siUu
i + siKk

i
,

and aggregate firm profits are

Πi =
[
yi − wiE

]
ei +

[
yi − wiN

]
ni − viκ.

Wages are determined through Nash bargaining, i.e.,

wiE = arg max
wiE

(
V i
E − V i

U

)β (
J iE − J iV

)1−β

wiN = arg max
wiN

(
V i
N − V i

K

)β (
J iN − J iV

)1−β

with the first-order conditions

β

∂V iE
∂wiE

V i
E − V i

U

+ (1− β)

∂JiE
∂wiE

J iE
= 0

β

∂V iN
∂wiN

V i
N − V i

K

+ (1− β)

∂JiN
∂wiN

J iN
= 0.

The public budget is required to balance in expectation across states, i.e.,

πB

πG + πB
[
τ
(
wGEe

G + wGNn
G
)
−
(
bGUu

G + bGKk
G
)]

+
πG

πG + πB
[
τ
(
wBEe

B + wBNn
B
)
−
(
bBUu

B + bBKk
B
)]

= 0.

Finally, we define welfare as

W =
πB

πG + πB
WG +

πG

πG + πB
WB

where W i = eiρV i
E + niρV i

N + uiρV i
U + kiρV i

K for i = G,B.
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3.G Tables

Table 3.16: Distortionary effects of the eight different policy instruments

Effects of a 1% increase in (in percentage)
bGU bBU bGK bBK pGK,U pBK,U pGE,N pBE,N

uG 0.125 0.005 0.131 0.009 −0.679 −0.003 0.197 0.001
uB 0.005 0.122 0.007 0.139 −0.002 −0.745 0.001 0.215
uMEAN 0.063 0.066 0.067 0.076 −0.329 −0.386 0.096 0.112
kG 0.132 0.017 0.573 0.029 0.291 −0.008 −0.090 0.004
kB 0.019 0.117 0.024 0.723 −0.008 0.233 0.003 −0.074
kMEAN 0.067 0.074 0.259 0.426 0.120 0.130 −0.037 −0.041

(u+ k)G 0.129 0.012 0.372 0.020 −0.149 −0.006 0.040 0.003

(u+ k)B 0.013 0.119 0.017 0.490 −0.006 −0.156 0.002 0.041

(u+ k)MEAN 0.065 0.070 0.178 0.278 −0.070 −0.088 0.019 0.024
sGU −0.327 −0.012 −0.365 −0.022 0.195 0.006 −0.035 −0.003
sBU −0.018 −0.413 −0.023 −0.588 0.008 0.272 −0.004 −0.047
sMEAN
U −0.181 −0.201 −0.204 −0.289 0.107 0.131 −0.020 −0.024
sGK 0.045 −0.004 −0.305 −0.009 −0.027 0.002 0.017 −0.001
sBK −0.006 0.053 −0.009 −0.408 0.002 −0.035 −0.001 0.022
sMEAN
K 0.020 0.024 −0.160 −0.204 −0.012 −0.016 0.008 0.010
sG 0.031 0.005 0.073 0.007 −0.024 −0.003 0.017 0.001
sB 0.005 0.023 0.005 0.069 −0.002 −0.016 0.001 0.018
sMEAN 0.017 0.015 0.037 0.041 −0.013 −0.010 0.008 0.010
Note: xMEAN denotes the unconditional mean of x, i.e., πB

πG+πB
xG + πG

πG+πB
xB .

Table 3.17: Optimal business cycle dependent UI scheme for different levels of risk aversion
(the optimal uniform policy for each η is index 100)

η −3.00 −0.75 −0.50 −0.25
bGU 92.2 96.2 96.8 97.5
bBU 105.8 103.5 103.1 102.6
bGK 91.1 99.3 101.4 104.3
bBK 105.2 100.5 99.4 97.9
pGK,U 112.8 106.7 105.9 105.0
pBK,U 85.8 96.0 97.0 97.8
pGE,N 115.9 107.5 107.0 106.6
pBE,N 91.4 95.5 95.6 95.7

112



Table 3.18: Optimal business cycle dependent UIB duration and entitlement requirement when
UIB and SA levels are fixed for different levels of risk aversion (the optimal uniform
policy for each η is index 100)

η −3.00 −0.75 −0.50 −0.25
pGK,U 148.2 111.8 107.8 104.1
pBK,U 71.6 92.8 95.1 97.3
pGE,N 123.2 106.4 105.6 104.9
pBE,N 94.0 96.4 96.5 96.7

Table 3.19: Optimal business cycle dependent UIB duration when the other three instruments
are invariant for different levels of risk aversion (the optimal uniform policy for each
η is index 100)

η −3.00 −0.75 −0.50 −0.25
pGK,U 142.0 110.1 106.4 103.0
pBK,U 72.6 93.6 95.9 98.1

Table 3.20: Optimal business cycle dependent entitlement requirement when the other three
instruments are invariant for different levels of risk aversion (the optimal uniform
policy for each η is index 100)

η −3.00 −0.75 −0.50 −0.25
pGE,N 71.6 94.8 97.7 100.6
pBE,N 131.4 104.0 101.7 99.5

113



DEPARTMENT OF ECONOMICS AND BUSINESS 
AARHUS UNIVERSITY 

SCHOOL OF BUSINESS AND SOCIAL SCIENCES 
www.econ.au.dk 

 
 
PhD Theses since 1 July 2011 
 
2011-4 Anders Bredahl Kock: Forecasting and Oracle Efficient Econometrics 
 
2011-5 Christian Bach: The Game of Risk 
 
2011-6 Stefan Holst Bache: Quantile Regression: Three Econometric Studies 
 
2011:12 Bisheng Du: Essays on Advance Demand Information, Prioritization and Real Options 

in Inventory Management 
 
2011:13 Christian Gormsen Schmidt: Exploring the Barriers to Globalization 
 
2011:16 Dewi Fitriasari: Analyses of Social and Environmental Reporting as a Practice of 

Accountability to Stakeholders 
 
2011:22 Sanne Hiller: Essays on International Trade and Migration: Firm Behavior, Networks 

and Barriers to Trade 
 
2012-1 Johannes Tang Kristensen: From Determinants of Low Birthweight to Factor-Based 

Macroeconomic Forecasting 
 
2012-2 Karina Hjortshøj Kjeldsen: Routing and Scheduling in Liner Shipping 
 
2012-3 Soheil Abginehchi: Essays on Inventory Control in Presence of Multiple Sourcing 
 
2012-4 Zhenjiang Qin: Essays on Heterogeneous Beliefs, Public Information, and Asset 

Pricing 
 
2012-5 Lasse Frisgaard Gunnersen: Income Redistribution Policies 
 
2012-6 Miriam Wüst: Essays on early investments in child health 
 
2012-7 Yukai Yang: Modelling Nonlinear Vector Economic Time Series 
 
2012-8 Lene Kjærsgaard: Empirical Essays of Active Labor Market Policy on Employment 
 
2012-9 Henrik Nørholm: Structured Retail Products and Return Predictability 
 
2012-10 Signe Frederiksen: Empirical Essays on Placements in Outside Home Care 
 

http://www.econ.au.dk/


2012-11 Mateusz P. Dziubinski: Essays on Financial Econometrics and Derivatives Pricing 
 
2012-12 Jens Riis Andersen: Option Games under Incomplete Information 
 
2012-13 Margit Malmmose: The Role of Management Accounting in New Public Management  
 Reforms: Implications in a Socio-Political Health Care Context 
 
2012-14 Laurent Callot: Large Panels and High-dimensional VAR 
 
2012-15 Christian Rix-Nielsen: Strategic Investment 
 
2013-1 Kenneth Lykke Sørensen: Essays on Wage Determination 
 
2013-2 Tue Rauff Lind Christensen: Network Design Problems with Piecewise Linear Cost  

Functions 
 

2013-3 Dominyka Sakalauskaite: A Challenge for Experts: Auditors, Forensic Specialists and  
 the Detection of Fraud 
 
2013-4 Rune Bysted: Essays on Innovative Work Behavior 
 
2013-5 Mikkel Nørlem Hermansen: Longer Human Lifespan and the Retirement Decision 
 
2013-6 Jannie H.G. Kristoffersen: Empirical Essays on Economics of Education 
 
2013-7 Mark Strøm Kristoffersen: Essays on Economic Policies over the Business Cycle 
 

 
 

 



ISBN: 9788790117146


