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Abstract

We argue that US welfare would rise if unemployment insurance were
increased for younger and decreased for older workers. This is because the
young tend to lack the means to smooth consumption during unemployment
and want jobs to accumulate high-return human capital. So unemployment
insurance is most valuable to them, while moral hazard is mild. By cali-
brating a life cycle model with unemployment risk and endogenous search
effort, we find that allowing unemployment replacement rates to decline
with age yields sizeable welfare gains to US workers.
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1 Introduction

The thesis that government transfers and taxes should be conditional on observ-

able, immutable indicators of skills goes back at least to Akerlof (1978). More

recently Kremer (2001), Erosa and Gervais (2002), Gervais (2004), Farhi and

Werning (2013), Gorry and Oberfield (2012), Mirrlees et al. (2010), and Weinzierl

(2011) have also called for setting labor and capital income tax rates on the basis

of age, for an efficient tax system. In principle, this logic also applies to unemploy-

ment insurance and other labor market institutions. Such key economic variables

as wages, wealth, consumption, and unemployment duration vary over the life cy-

cle, which suggests that workers’ incentive to search for a job and their ability to

cope with unemployment risk vary accordingly. Here we argue that, given present

US labor market institutions, overall welfare would be improved if unemployment

insurance were increased for relatively young workers (in their mid-twenties and

early thirties) and decreased for older workers (in their forties and mid-fifties).

The idea is that unemployment insurance is most valuable to young workers—

because they typically have little means to smooth consumption during a spell

of unemployment—while the costs of the implicit problem of moral hazard are

minor—because young workers want jobs anyway to improve life-time career

prospects, and build up human capital whose marginal return is high when young.

The underlying intuition emerges from a simple formula. Consider a government

that uses one dollar to finance an increase in unemployment benefits bn for a

given age group n. Denote by µn the number of unemployed workers in the age

group, by cun their consumption level when unemployed and by u′ (cun) their

marginal utility of consumption. If all currently unemployed workers receive one

unit of money, welfare would increase by µnu
′ (cun). But standard moral haz-

ard problems imply that more generous transfers drive up unemployment, and

each unemployed worker receives benefits bn. So a marginal increase in transfers

yields only 1/ [µn + bndµn/dbn] = 1/ [µn(1 + ηn)] units of income to a currently

unemployed worker, where ηn is the elasticity of group n unemployment to the

corresponding unemployment benefits. By multiplying the two terms we find the

following welfare gains from the marginal change in government transfers:

%n =
u′ (cun)

1 + ηn
. (1)

Intuitively the numerator gives the marginal value of the increase in Unemploy-

ment Insurance, the denominator the incentive costs of moral hazard. Generally a
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revenue-neutral change in unemployment insurance that raises benefits for a given

age group n and lowers them for another age group m is welfare improving when-

ever %n > %m, which can be used to identify possible gains from redistributing

unemployment insurance over the life cycle. This logic focuses on redistributing a

given amount of government income across unemployed workers of different age.

But government income is typically financed through tax revenue, which is affected

by the age profile of unemployment benefits through its effects on employment and

human capital accumulation. In the paper we discuss how to incorporate this and

other effects into (1) and also study the relative quantitative importance of tax

effects, which have been greatly emphasized by the public finance literature, see

for example Mirrlees et al. (2010).

We start documenting how %n in (1) varies across age groups. First we use

data from the Panel Study of Income Dynamics (PSID) and show that the con-

sumption of unemployed workers is strictly increasing in age. Roughly speaking,

an unemployed worker in his thirties consumes 30 per cent less than one in his

fifties. We also use data from the Current Population Survey (CPS) and from

the Survey of Income and Program Participation (SIPP) to analyze how the level

of unemployment in different age groups responds to changes in unemployment

benefits. As in Chetty (2008), we exploit changes in the level of benefits within

US states over time. We find that while the elasticity of unemployment to benefits

is small and statistically insignificant for workers in their mid-twenties and early

thirties, it is positive and significant for workers in their mid-forties and fifties.

Meyer and Mok (2007) find similar results. Gritz and MaCurdy (1992) also show

that changes in benefits have insignificant effects on the level of unemployment

among young workers. This evidence indicates that providing additional insurance

to young worker is highly valuable, while the incentive costs of moral hazard are

small, which implies that %n is unambiguously larger for younger than for older

workers.

The data also offer more direct evidence of the high value and low moral haz-

ard of unemployment insurance for young workers. We show that consumption

losses upon unemployment are greater for younger than for older workers, and

that the job search behavior of young workers is strongly responsive to the pro-

vision of severance payments at the time of job loss. This indicates that young

unemployed workers have little ability to smooth consumption and require more

liquidity and insurance. Chetty (2008) observes that the effect of benefits on the

unemployment of wealthy workers—who arguably have greater ability to smooth
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consumption—measures the severity of the moral hazard problem. We find that

the unemployment duration of older workers with substantial assets is affected

powerfully by benefits, while that of young wealthy workers is relatively insensi-

tive to benefits. This suggests that the moral hazard problem is severe among

older workers while it is relatively insignificant among younger workers. This

squares with the idea that young workers want jobs not only to increase their cur-

rent income but also to acquire labor market skills and so improve career prospects

and lifetime income.

To study the magnitude of the potential welfare gains of age-dependent unem-

ployment insurance, we consider a conventional life cycle model with decreasing

returns to labor market experience and ongoing unemployment risk. Workers are

born with zero human capital and no assets and can save in a riskless bond. When

employed, they accumulate human capital, receive wages and pay income taxes

to finance unemployment insurance and retirement pensions. Workers may lose

their job and suffer a depreciation of their human capital. When unemployed they

choose the intensiveness of job search. During unemployment they receive benefits

that are a constant fraction of past wages. The model is calibrated to match US

labor market institutions and other key features of the workers’ life cycle.

We optimally choose age-dependent replacement rates and/or income tax rates

to maximize the worker’s initial expected utility.1 We find that under the optimal

age-dependent policy, replacement rates would rise from 50 per cent as now to

around 80 percent for workers in their mid-twenties and 60 per cent for those in

their thirties. Workers in their forties and fifties, instead, would get benefits of

less than 10 percent of their last wage. When allowing for just age-dependent

replacement rates, the welfare gain is equivalent to almost 1 percent of lifetime

consumption. When combining age-dependent unemployment insurance with age-

dependent taxes, the gain increases to more than 3 percent of lifetime consump-

tion.

To analyze whether age-dependent policies would use up a significant part of

the potential gains inherent in current US labor market institutions, we consider

the problem of an agency that must optimally choose benefits, taxes, and pensions

as a function of the worker’s entire history. The agency can observe workers’ assets

as well as search effort, so unemployment insurance creates no moral hazard. Al-

1An alternative would be to make replacement rates and taxes conditional on current as-
sets, not age. Although this would distort saving incentives and is in principle inferior to
age-dependent policies, it could still yield substantial gains in welfare. This point is made by
Conesa, Kitao and Krueger (2009), Rendahl (2012), and Koehne and Kuhn (2014).
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though age-dependent policies can reproduce the solution of the optimal program

only imperfectly, we surprisingly find that making both unemployment insurance

and taxes age-dependent yields 90 percent of the welfare gains obtained under

the optimal program. Around a quarter of these gains are due to age dependent

unemployment benefits.

Further relation to the literature Using diverse methodologies, several authors

have argued that the level of unemployment benefits is close to optimal in the US,

see for example Davidson and Woodbury (1997), Shimer and Werning (2007),

Pavoni (2007), and Chetty (2008). Our results show that, while they are optimal

on average, sizable welfare gains are still possible by redistributing unemployment

benefits over the life cycle—increasing them for the young and decreasing them

for the old.

This paper relates to the literature that since Hopenhayn and Nicolini (1997)

has analyzed the optimal design of labor market institutions, including Pavoni

and Violante (2007), Shimer and Werning (2008), Pavoni (2009), Rendahl (2012),

and Pavoni, Setty and Violante (2010). These works typically posit an initially

unemployed worker who becomes permanently employed upon finding his first

job. Except for Hopenhayn and Nicolini (2009), they neglect recurrent spells

of unemployment. This literature has also abstracted from life cycle effects due

to non-linear returns to labor market experience and asset accumulation which

constitute the main focus of this paper.

Baily (1978) and Chetty (2006) have proposed simple formulas to evaluate

whether unemployment benefits are on average optimal. Our formula %n is similar,

but focuses on possible gains from redistributing benefits over the life-cycle or

more generally across any groups of workers classified by observable, immutable

skill characteristics including gender or race. The formula %n works exactly in

the stylized model of Section 2. But the quantitative analysis also indicates that

the key forces highlighted in %n dominate in today’s US labor market institutions.

To be sure, the simple formula %n neglects the effects of age-specific changes in

benefits on tax revenue, on worker human capital, and on unemployment among

age groups not directly targeted by the policy change. And we show that these

considerations lead to an extended redistribution formula that works exactly in

the quantitative model. But although the simple and extended formula could

differ, we find that, in our laboratory economy, they exhibit a remarkably similar

age profile.
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Shimer and Werning (2007) and Chetty (2008) have criticized Baily’s formula

for relying on highly controversial preference parameters. Our own formula is

less subject to their criticism in that its ability to identify redistribution gains

just relies on signing the relative magnitude of %n across skill groups. This is

often possible just by comparing unemployment elasticities and consumption levels

when unemployed across skill groups, without having to specify any preference

parameter.

Chéron, Hairault and Langot (2012, 2011) have studied the role of age-dependent

labor market policies in a search model with finitely lived workers a la Mortensen

and Pissarides (1994). Our paper is obviously related, but with some important

differences. Chéron, Hairault and Langot (2012, 2011) emphasize the demand

side of the labor market and the role of age-dependent policies in solving the

conventional search inefficiencies in vacancy creation typically found in random

search models; see Pissarides (2000) for an introduction to this class of models.

Search inefficiencies naturally vanish in extended versions of the search model in

which firms post wage contracts, workers observe them and direct their search

accordingly; see for example Moen (1997), Acemoglu and Shimer (2001), Shimer

(2005) and more recently Menzio and Shi (2011). Here we emphasize labor supply

effects and the variation over the life cycle in the trade-off between the gains from

unemployment insurance and the incentive costs of moral hazard.

Section 2 uses a stylized life cycle model to discuss the formula in (1) and

its extension. Section 3 presents preliminary evidence. Section 4 describes our

laboratory economy. Section 5 solves for the first best. Section 6 studies age-

dependent policies, Section 7 discusses robustness and Section 8 concludes. The

Online Appendix provides the details on data and computation.

2 A stylized life cycle model

We present a simple stylized life cycle model in which our simple formula holds ex-

actly. We then extend it to incorporate additional effects that lead to an extended

formula. We later show that these formulas work well in a more conventional life

cycle model more suitable for quantitative analysis.

2.1 The worker’s problem

In this stylized model workers live for six periods (i = 1−6). They are young,

n = y, during the first three periods (i = 1−3), and old, n = o, during the
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last three (i = 4−6). The sole risk is unemployment. Workers are employed

with probability one in all periods except in period two and five, when they must

search for a job. This characterizes the fact that unemployment risk is recurrent,

it affects both young and old, and it has transitory effects. Unemployment is

endogenous due to search intensity decisions. Search intensity reduces both the

probability of unemployment and one’s leisure time. We assume that a worker

who is unemployed with probability µ at the end of period 2 or 5 enjoys utility

from leisure equal to ψ(µ), with ψ′(µ) > 0 and ψ′′(µ) < 0. Workers initially have

no wealth. They cannot borrow but can save via a risk-free bond that pays a

constant interest rate r equal to their subjective discount rate. So the workers’

subjective discount factor is equal to β = 1/(1 + r). Following well established

evidence from wage regressions, we assume that wages when young wi (i = 1−3)

increase over time, while wages when old wi (i = 4−6) are flat and equal to w̄,

with w1 < w2 < w3 < w̄. If unemployed at age n = y, o (end of period 2 or

5) workers receive unemployment benefits bn. Consumption utility in a period is

u(c).

We assume that consumption is equal to income for young workers: a young

worker expects future increases in labor income and would like to borrow to

smooth consumption but cannot owing to the borrowing constraint.2 This sim-

plifying assumption implies that old workers’ decisions are not affected by their

employment history, which guarantees that changes in benefits when young (old)

do not affect unemployment when old (young). As is noted in Section 2.3, this

separability property is required for the formula to hold exactly. Separability

implies that the worker’s initial expected utility can be expressed as equal to

W (by, bo) ≡ Y (by) +O(bo) (2)

where Y (by) = maxµ Ỹ (by, µ) andO(bo) = maxµ Õ(bo, µ) are the sum of discounted

utilities when young (i = 1–3) and when old (i = 4–6), respectively. In the

expression

Ỹ (by, µ) ≡ u(w1) + β [ψ(µ) + µu(by) + (1− µ)u(w2)] + β2u(w3), (3)

is the sum of utilities obtained by young workers for a given unemployment prob-

2Even if wages are growing and the interest rate is equal to the worker’s subjective discount
rate, young workers might want to accumulate some precautionary savings to insure against
the risk of unemployment in period 2. Here we assume that consumption smoothing dominates
the precautionary savings motive so that u′(w1) ≥ µyu

′(by) + (1 − µy)u′(w2) where µy is the
equilibrium unemployment probability in period 2.
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ability µ in period 2, while

Õ(bo, µ) ≡ β3 max
a≥0

{
u(w̄ − a) + βψ(µ) + βµ

[
u

(
bo +

a

β

)
+ βu(w̄)

]
(4)

+β(1− µ) (1 + β)u

(
w̄ +

a

1 + β

)}
(5)

is the analogous sum for older workers when the unemployment probability µ in

period 5 is taken as given. In (5), a denotes the precautionary savings that the

household accumulates in period 4 to finance consumption during unemployment

in period 5, which occurs with endogenously determined probability µ. If instead

the worker remains employed, a serves to increase consumption equally in periods

5 and 6. This accounts for the last term in (5).3

2.2 The government’s problem

As is standard in the optimal unemployment insurance literature—see for example

Hopenhayn and Nicolini (1997) and Shimer and Werning (2007, 2008)—we assume

that government interventions are actuarially fair so that the present value of UI

transfers is equal to the present value of some exogenous government income T ,

which we later endogenize. The government chooses bn, n = y, o, so as to maximize

workers’ expected utility W in (2) subject to the budget constraint

βyµy(by)by + βoµo(bo)bo = T (6)

where βy = β and βo = β4 are the discount factors, while the functions µy(by)

and µo(bo) determine the age-specific unemployment probabilities µy and µo given

the age-specific benefit levels by and bo, respectively. Given (3) and (5) these

functions are implicitly defined by the conditions µy = argµ max Ỹ (by, µ) and

µo = argµ max Õ(bo, µ), respectively. The Lagrangian of the problem reads as

L(by, bo, λ) = Y (by) + O(bo) + λ [T − βyµy(by)by − βoµo(bo)bo]where λ is the La-

grange multiplier of the budget constraint in (6). Taking the first order condition

with respect to bn, n = y, o, and using the envelope theorem, we immediately find

that it is optimal to increase bn if

βnµnu
′ (cun) > λβnµn + λβn

dµn
dbn

bn (7)

3In equilibrium a will always be in the interval (0, w̄ − bo), so the constraint a ≥ 0 will be
slack, while the borrowing constraint will be binding in period 5 if the worker is unemployed.
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where cun denotes consumption when unemployed at age n. Rearranging, the

above condition is equivalent to

%n ≡
u′ (cun)

1 + ηn
> λ (8)

where ηn ≡ d lnµn
d ln bn

is the elasticity of unemployment to benefits of age group n. The

ratio on the left-hand side is the net welfare gain of marginally increasing govern-

ment transfers to unemployed workers of age n: the numerator measures the value

of the marginal increase in UI benefits, the denominator the cost of the induced

increase in unemployment. Optimal life cycle unemployment insurance requires

%n = λ for any age group n. Generally there are welfare gains from increasing

transfers to young unemployed workers at the expense of the old whenever

%y > %o. (9)

Interestingly, the comparison does not require evaluating consumption losses upon

displacement. This is simply because the government compares the gains of in-

creasing transfers to unemployed workers of different ages whose marginal value is

measured by their state contingent marginal utility of consumption. The deriva-

tion that leads to (9) is hardly affected in several extensions of the baseline model.

In particular the formula remains valid in cases of:

1. Differences in workers demand and/or supply The utility from leisure is age-

specific, ψn(µ), n = y, o, with ψ′n(µ) > 0 and ψ′′n(µ) < 0. This accounts for

possible differences in the demand for workers of different ages as well as in

their labor supply, both of which can affect job-finding probabilities.4

2. Varying job loss probabilities Workers search for a job in periods 2 and 5 with

age-specific probability δn, n = y, o (in the baseline model δy = δo = 1), to

account of the fact that the risk of job loss varies over the life cycle.

3. Other income Workers have access to other sources of income yn (say, the

spouse’s earnings), whose relative importance varies over the life cycle.
4To see why an age-dependent Ψ function subsumes age effects in both labor demand and sup-

ply, assume that, as in standard search models (Pissarides, 2000), the unemployment probability
of workers of age n is a decreasing function of both their search effort s and market tightness
θn for that age group of workers, so that µ = µ(s, θn). Age-specific differences in demand are

reflected in θn. The disutility of search effort is Ψ̃n(s), which is age-specific to characterize age
differences in labor supply. We can then invert the function µ to express search effort as function
of µ and θn so as to obtain the simple formulation in the text based on Ψn(µ) ≡ Ψ̃n(µ−1(µ, θn)).
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4. Changing household size The household is represented by a simple unitary

model with consumption utility mnu (C/mn), where mn denotes household

size when household head has age n, while C denotes household total con-

sumption expenditures. This takes into account that household size changes

over the life cycle with marriage, the birth of children and their growing up

and leaving home. Due again to the envelope theorem, the marginal value of

a unitary increase in benefits is u′ (C/mn). This implies that cun in (8) has to

be interpreted as per capita household consumption when a household head of

age n is unemployed.

5. Tax effects The UI program is financed through income taxes equal to a (pos-

sibly) age-specific proportion τn, n = y, o, of net wages wi, i =1-6, so that

T ≡ T (by, bo) = T − βyµy(by)τyw2 − βoµo(bo)τow5.

Here T = τy
∑2
i=0 β

iwi+1 + τo
∑5
i=3 β

iwi+1 denotes the present value of tax

revenue under no unemployment, while the last two terms measure the fall in

tax revenue due to unemployment in period 2 and 5. By applying the same

logic as in (7), we then obtain the following slightly modified version of %n:

%̂n = u′(cun)

1+ηn(1+ τn
ρn

)
where ρy ≡ by

w2
and ρo ≡ bo

w5
denotes the UI replacement rate

at age n = y and n = o, respectively. %̂n differs from %n in (8) just because of

the quantity ηn
τn
ρn

in the denominator of %̂n, which measures the fall in taxes

due to the age-specific increase in benefits. When the tax system has no age-

specific features (ρn and τn are both independent of n), %̂n and %n have the

same age profile. But in practice, the ratio τn
ρn

is increasing in n, since wages

rise with age and higher wages make τn higher—due to the progressivity of the

tax system— and ρn lower—since UI replacement rates are typically constant

up to a maximum. Since this effect makes it more likely that %̂n is decreasing in

n, %̂y > %̂o is implied by the condition %y > %o—at least provided that ηo ≥ ηy,

which, as we show in Section 3, is the empirically relevant case. This simply

means that the inequality in (9) based on %n indicates the existence of welfare

gains from redistributing UI benefits from the old to the young even in the

presence of tax effects.5

5Of course with different tax effects, it could well be that %̂n is more useful than %n for
identifying welfare gains from redistribution. We thank one of the referees for this discussion.
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2.3 The extended redistribution formula %̃

The simple redistribution formula % in (8) can be modified to extend the analysis

in three ways. First we allow young workers in period 1 to save. Second, we

allow for a general tax revenue function T (by, bo), which is more in keeping with

the quantitative analysis of Section 4, where tax revenue depends on workers’

employment status and human capital. Third, the optimal choice of benefits is

now subject to the feasibility constraint that benefits cannot fall below a minimum

level b̄n so that

bn ≥ b̄n, ∀n = y, o. (10)

In the quantitative analysis of Section 4, this minimum is set to zero.

Since young workers can save, their employment state will affect their future

decisions when they get old. Generally the choices for assets and unemployment

probabilities at any time i are now contingent on the history up to that time.

Moreover, since asset choices are forward-looking, the equilibrium unemployment

probability at a given age is function of both by and bo, so we now have µy =

µy(by, b0), and µo = µo(by, b0). The full analysis of the extended model is in the

Online Appendix, where we show that the value of marginally increasing benefit

transfers to unemployed workers of age n—i.e. the analogue of %n in (8)— is now

given by

%̃n =
E [u′ (cun)] + ωn

µn

1 + η̃n − ∂T
∂bn
· 1
µn

. (11)

In this expression E [u′ (cun)] is the expected marginal utility of consumption of

unemployed workers of age n, ωn ≥ 0, n = y, o is the current value Lagrange

multiplier of the benefits feasibility constraint in (10), while

η̃n =
∑

i=y,o

∂µi
∂bn
· βibi
βnµn

(12)

is the modified elasticity of unemployment to account for the fact that changing

benefits for a given age group n potentially affects the unemployment level of other

age groups. Finally, ∂T
∂bn

is the partial derivative of tax revenue with respect to the

change in benefits. Generally, there are welfare gains from increasing transfers to

young unemployed workers at the expense of the older whenever

%̃y > %̃o. (13)

There are four simple reasons why %̃n differs from %n.
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1. Heterogeneity in assets Since assets depend on employment histories, unem-

ployed workers of the same age may now have different consumption levels.

This is why the expected marginal utility of consumption forms part of the

numerator of (11).

2. Unemployment cross derivatives Since the unemployment probability at a given

age is a function of the overall age profile of benefits, increasing benefits for an

age group n can affect the unemployment level of any age group. Thus, the

present value of total UI expenditures generally increases by βnµn (1 + η̃n).

3. Reduction in tax revenue Benefits reduce government revenue T because of

lower labor income, due to higher unemployment and less human capital accu-

mulation. This cost is measured by the derivative − ∂T
∂bn

.

4. Positive benefits When ωn is positive (the constraint in (10) is binding), the

government would like to decrease benefits further for unemployed workers

of age n, because their consumption is inefficiently high. In the quantitative

analysis of Section 4, this constraint will be binding for older workers.

Although %̃n and %n are different in general, we will see that, in the baseline

calibration of the laboratory economy set out in Section 4, %̃n and %n exhibit a

remarkably similar age profiles, which indicates similar welfare gains from redis-

tributing unemployment insurance over the life cycle. Differences begin to be

significant only when the optimal values for age-dependent benefits are selected.

A simple interpretation is that the differences between %̃n and %n matter only when

policies are close to optimal, while, under current US labor market institutions,

the key forces highlighted by the simple formula in (8) dominate.

3 Some empirical evidence

We now show that in the US the elasticity of unemployment to Unemployment

Insurance (UI) benefits and consumption while unemployed are both lower for

young than for older workers. This indicates that inequality (9) holds both be-

cause young workers’ incentives to search for a job are less strongly affected by

benefits (the denominator in (8) is smaller) and because they value unemployment

insurance more (the numerator is higher). We then provide more direct evidence

i) that the moral hazard induced by unemployment insurance is modest for young

workers, and ii) that young workers have little ability to smooth consumption

during unemployment and therefore value the insurance and liquidity provided
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by benefits more highly. We will use this evidence later to evaluate the quantita-

tive properties of the model of Section 4. We start with a brief discussion of the

datasets used, for full details on data construction and sample selection criteria,

see the Online Appendix.

3.1 The data

Our data come from the Survey of Income and Program Participation (SIPP), the

Current Population Survey (CPS), the Panel Study of Income Dynamics (PSID)

and surveys collected by Mathematica on behalf of the US Department of Labor.

The SIPP and Mathematica data are used for an unemployment duration anal-

ysis at individual level; the CPS to estimate the aggregate effects of benefits on

unemployment; the PSID for evidence on consumption. In all cases the analysis

focuses on working-age men. Sample periods vary but run roughly from the 1980’s

to the early 2000’s. Sample selection in the SIPP and the Mathematica data is

exactly as in Chetty (2008). As far as possible we apply the same criteria to the

construction of the CPS and PSID samples.

We use two measures of UI benefits. One is the imputation of individual

benefits in the SIPP data by Chetty (2008). The other is a measure of the average

benefits received by unemployed workers of different age groups in each US state

and year. The construction of this latter measure mirrors Chetty (2008) but

with CPS data: we first use the March CPS survey to impute pre-unemployment

wages to each unemployed worker in the sample and then gauge individual UI

benefits using the calculator devised by Cullen and Gruber (2000). The resulting

individual benefits are then averaged for age-groups, states and years.

Consumption in PSID is measured using either food consumption at home,

which is reported directly by PSID, or total consumption expenditure for non-

durables, which is imputed using the methodology of Blundell, Pistaferri and

Preston (2008) as in Hryshko, Luengo-Prado and Sorensen (2010). The imputa-

tion covers both the core and the SEO sample in PSID, which gives us a more

representative sample than in Blundell, Pistaferri and Preston (2008). Consump-

tion corresponds to the average per capita weekly expenditures in the household,

which, like Blundell, Pistaferri and Preston (2008), we interpret as measuring

household consumption in an average week around the time of the survey week.
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3.2 Elasticity of unemployment to benefits

To calculate the elasticity of unemployment to benefits for workers of different

ages, we start splitting the SIPP sample into two age groups, 20-40 and 41-60. This

split is justified by the fact that after age 40, the return to labor market experience

substantially flattens while assets increase significantly. We show later that this

is important in determining the value and the moral hazard costs of UI. For each

sample, we then estimate the following semi-parametric Cox proportional-hazards

regression for unemployment duration:

lnhit = β ln bit + θXit + err. (14)

where i denotes the worker, t the duration of the current unemployment spell,

hit the job finding probability at unemployment duration t, bit the level of UI

benefits, and Xit a set of controls including worker’s age, years of education, a

marital status dummy, previous job tenure, a spline in logged past wages, dummies

for year, state, and unemployment duration and the interaction of benefits with

unemployment duration. The effects of benefits are identified by a difference-in-

differences strategy that exploits changes in unemployment benefits rules of US

states over time. Table 1 reports the results for the two measures of benefits.

Panel (a) shows individual benefits, panel (b) age-specific average benefits.6 The

first column of panel (a) shows the full sample estimates, which are analogous to

those in Chetty (2008). Here the elasticity of the job finding probability to benefits

Table 1: Job finding elasticity to benefits, SIPP

(a) Individual UI benefits (b) Age-specific average UI benefits
All 20-40 yrs 41-60 yrs All 20-40 yrs 41-60 yrs

ln ben. -.36∗∗∗ -.23 -.86∗∗∗ ln ben. -.34∗ -.19 -1.36∗∗∗

(.11) (.16) (.19) (.20) (.25) (.46)

N. of spells 4529 2858 1522 N. of spells 4380 2858 1522

Notes: Estimates of β in the Cox regression (14) using SIPP data. In panel (a) benefits
are individually imputed, in panel (b) they are age-specific state-year averages. The first
column shows full sample; the second and third workers in age groups 20-40 and 41-60,
respectively. Standard errors clustered by state in parenthesis. “∗∗∗” indicates significance
at 1%, “∗∗” at 5%, “∗” at 10%.

is very close to one third and highly significant. The results in the following two

6Much of the variation by age in UI replacement rates is due to the fact that wages are
typically replaced by a constant percentage, usually 50%, but only up to a maximum that
differs from state to state. Since wages generally increase with age, this implies that actual
replacement rates are lower for older than for younger workers.
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columns show that the full sample estimates in Chetty (2008) conceal substantial

heterogeneity according to age. For the sample of workers aged 20-40, the effects

of UI benefits on job finding are small and not statistically significant for either

measure of benefits. For the sample of older workers, the estimated elasticity is

instead close to 1 and strongly significant for both measures.7

We now split the data into finer age groups. To maintain sample size, we esti-

mate the unemployment duration regression in (14) using nine partly overlapping

samples with age differences of ten years. To measure the elasticity of unemploy-

ment to benefits, we use the relation d lnu/d ln b = −(1 − u)d ln f/d ln b, where

d ln f/d ln b is the estimated elasticity of job finding while u and f are the sample

average of the unemployment rate and the finding rate, respectively. The relation

is exact if benefits affect unemployment only though the job finding rate. Panel

(a) in Figure 1 reports the age profile of the resulting elasticity of unemployment

based on individual benefits. The results with the age-specific average measure of
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Notes: Elasticity of unemployment to benefits by worker’s age. Panel (a) estimates are
based on (14) using SIPP data and individual benefits. Unemployment elasticities are
calculated using the formula d lnu

d ln b = −(1− u)d ln f
d ln b , where u and f are the sample average

of the unemployment rate and the finding rate, respectively. Panel (b) are estimates of
βn in (15) using US states aggregate unemployment data from CPS. Dotted lines are 90
percent confidence intervals.

Figure 1: elasticity of unemployment to benefits by age group

benefits are in Figure A1 in the Online Appendix. The dotted lines represent 90-

percent confidence intervals. The elasticity of unemployment is around 20 percent

7We checked that these results are robust to including as controls the log of individual wealth
or of net liquid assets at the time of job loss, or to using a Weibull regression for unemployment
duration. We have also split the sample into three educational groups (less than high school,
high school graduates, at least some college) and found similar results for the three groups.
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for workers in their twenties and early thirties and nearly 100 percent for those in

their mid-forties and early fifties. For workers close to retirement it tends to fall,

but confidence intervals are very large, indicating imprecise estimates.

So far we have focused on how UI benefits affect job finding rates. But benefits

can also affect unemployment through labor force participation or through the

unemployment inflow rate, and they may have aggregate equilibrium effects not

properly measured by unemployment duration regressions. To address some of

these concerns, we use US states’ aggregate unemployment data from CPS and

the age-specific average measure of benefits to estimate the following regression:

lnuitj =
∑

n

βnq
n
j ln bitj + θXitj + err. (15)

where i stands for the state, t for the period (half and year) and j for age group,

utij is the ratio of unemployment to population for age group j in state i in period

t, qnj is a dummy variable which is equal to 1 if the observation corresponds to

age group n, and bitj is the imputed age-specific average benefit level deflated

with the CPI. The variables Xitj are a set of controls, including time, state, and

age-group dummies, the imputed log of average pre-unemployment wages (again

deflated with the CPI), the proportion in the group of white men, of married

workers, of workers with working spouse, and of unemployed workers with five

different educational levels. Standard errors are clustered at the state level, since

different US states are considered as partially segmented labor markets. Panel (b)

of Figure 1 plots the estimated values of βn in (15), which measure the elasticity

of unemployment to benefits for workers of age n. Dotted lines are 90 percent con-

fidence intervals. The estimated elasticities of unemployment are again increasing

in age. They are very close to zero for workers in their twenties and around 0.7 for

those in their fifties. Estimates are comparable to those from the unemployment

duration analysis in panel (a), although they are now slightly smaller and there

is no longer any evidence that the elasticity falls towards zero for workers close to

retirement.8

8The CPS results are robust to controlling for the maximum duration of benefits in the state
and to instrumenting benefits using their own lagged value to deal with endogeneity problems—
say because average benefits change over the business cycle due to changing composition in
the pool of the unemployed (see Mueller, 2010). The IV estimates are larger and more in
line with the estimates from the unemployment duration analysis, which might indicate that
compositional changes raise income replacement rates in recessions.

16



3.3 Consumption while unemployed

To estimate how the consumption of unemployed workers varies with age, we run

the following regression on PSID data:

ln cit =
∑

n

βene
n
it +

∑

n

βunu
n
it + θXit + err. (16)

where i denotes the worker, t the year, cit consumption per capita in the household,

enit and unit are employment status dummies that are equal to one if, at the interview

date, the household head of age n is employed or unemployed, respectively. Finally

Xit are a set of controls, including dummies for the educational level and the race

of the household head, time dummies and the number of household members.

To account for serial correlation in the errors, a GLS random-effects estimator

is used. Figure 2 shows the estimated age profile of consumption of employed
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(b) Non-durable consumption

Notes: Life cycle profile of logged household per capita consumption. Equation (16) is
estimated on PSID data. Left column is for food consumption, right column for total
consumption expenditure on non-durables. The log consumption of employed workers 50-
55 years of age is normalized to zero.

Figure 2: Food and total non-durable consumption by age, PSID

workers as a dashed line and of unemployed workers as a solid line. Panel (a) shows

food consumption, panel (b) total non-durable consumption. The consumption of

employed workers increases with age reaching a peak at around 50 years of age.

That of unemployed workers also increases with age and is generally lower than

that of the employed.9

9The results are robust to including temporarily laid-off workers among unemployed, to
weighting observations, to using total food expenditures either at home or out of the home, and
to dropping observations with consumption levels below the 1st or above the 99th percentile of
the consumption distribution. We also find that consumption of unemployed workers increases
with age not only on average but also in the first-order stochastic dominance sense.
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We also estimate the age pattern of consumption losses upon unemployment.

To do so, we follow Gruber (1997) and estimate equation (16) but now including

individual fixed effects and dummy variables for changes in employment status.

The resulting regression is estimated using a fixed-effects (within) regression es-

timator. The coefficient for the change in employment status from employed to

unemployed characterizes the size of the average consumption loss. We allow this

effect to vary by age. Figure 3 shows the age profile of consumption losses for

food (left panel) and total non-durable consumption (right panel). Consumption

losses are around 17% for workers in their twenties and thirties but less than 5%

for those in their fifties and sixties.10 Consumption losses are slightly greater for

total non-durable consumption, but in both cases they fall significantly as age

increases.
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(b) Non-durable consumption losses

Notes: Consumption losses upon unemployment by age, PSID data. Dotted lines are 90
percent confidence intervals.

Figure 3: Consumption losses upon unemployment

3.4 Moral hazard and liquidity effects

These results indicate that unemployment insurance induces mild incentive costs

and it is most valuable to young workers. We now provide more direct evidence

that i) the moral hazard created by unemployment insurance is mild for young

workers and ii) that they value unemployment insurance highly because they have

limited other means to smooth consumption during unemployment.

10There is a substantial literature measuring consumption losses upon unemployment, see Gru-
ber (1997), Browning and Crossley (2001), Bloemen and Stancanelli (2005) and Sullivan (2008).
All studies note that average consumption losses result from aggregating vastly heterogenous
individual responses. Our results indicate that part of this heterogeneity is life-cycle-related.
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Moral hazard effects by age As is shown by Chetty (2008), UI benefits in-

crease the duration of unemployment owing to a conventional moral hazard effect

(benefits reduce the net income gains from finding a job) and a liquidity effect

(benefits tend to equalize the marginal utility of consumption when employed and

unemployed). So the evidence that the elasticity of unemployment to benefits

increases with age does not necessarily indicate that the moral hazard problem is

milder for younger than for older workers. Chetty (2008) argues that the severity

of the moral hazard problem is measured by the job finding response to benefits

of workers with high asset levels: wealthy workers have great ability to smooth

consumption during unemployment, so liquidity effects are absent and benefits

lengthen unemployment duration because of moral hazard alone. To pursue this

logic, we use the SIPP data to estimate the following Cox regression for unem-

ployment duration analogous to (14):

lnhit =
∑

n

βnq
n
it ln bit + θXitj + err. (17)

where qnit is an indicator variable equal to 1 if the worker’s wealth is in quartile n

(with higher n indicating greater wealth). Wealth quartiles are calculated for the

entire sample. The results change little when wealth quartiles are age-specific.

Controls are as in the estimation of equation (14) with the addition of wealth

dummies and their interaction with unemployment duration. Table 2 reports the

estimated βn coefficients in the full sample and in the samples of ‘young’ and ‘old’

workers. There is evidence that benefits reduces the job finding rates of older

workers with assets in the top two quartiles. The effects are somewhat stronger

when measuring benefits with state averages. Standard significance tests also

indicate that for older workers we cannot reject the null hypothesis that the effect

of benefits is the same for the wealthiest as for the least wealthy. This is indirect

evidence that benefits increase the unemployment duration of old workers mainly

because of moral hazard, with liquidity effects being somewhat less important. For

young wealthy workers UI benefits have no significant effect on unemployment.

Overall the evidence is consistent with the thesis that the moral hazard inherent

in unemployment insurance is more severe for older than for younger workers.

Liquidity effects by age Table 2 offers evidence that UI benefits increase the

unemployment probability of young poor workers, especially when the measure

used is individual benefits. This jibes with the idea that benefits provide valuable

liquidity to young workers that enables them to better smooth consumption. The
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Table 2: Elasticity of job finding to benefits by assets, SIPP

(a) Individual UI benefits (b) Age-specific average benefits
All 20-40 yrs 41-60 yrs All 20-40 yrs 41-60 yrs

Q1 x ln ben. -.64*** -.55* -1.32*** .12 -.49 -1.40*
(.24) (.30) (.43) (.20) (.52) (.74)

Q2 x ln ben. -.76*** -.93*** -.26 .02 -.49 -1.62*
(.22) (.24) (.55) (.20) (.47) (.96)

Q3 x ln ben. -.56*** -.31 -1.11*** .09 .39 -1.86***
(.16) (.25) (.35) (.20) (.40) (.49)

Q4 x ln ben. .02 .66 -.79* .14 .95 -1.80***
(.26) (.35) (.47) (.21) (.71) (.50)

Q1=Q4 p-val .09 .01 .34 .95 .03 .51
Q1+Q2=Q3+Q4 p-val .06 .00 .67 .80 .00 .52
Q1=Q2=Q3=Q4 p-val .18 .00 .25 .95 .00 .85

Number of spells 4054 2498 1420 4054 2498 1420

Notes: Estimates of βn in the Cox regression (17) using SIPP data. Qj , j = 1, 2, 3, 4 are
the quartiles of the wealth distribution in the entire sample. Other details are as in Table
1.

age pattern of consumption losses upon unemployment in Figure 3 is also con-

sistent with the view that young workers value unemployment insurance highly

because they have little possibility of smoothing consumption during unemploy-

ment, as they have little precautionary savings and limited liquidity. We can now

provide more direct evidence consistent with this view. We borrow from Chetty

(2008) the idea that severance payments provide liquidity to unemployed workers

with no moral hazard costs.11 By comparing the search behavior of unemployed

workers who have and who have not received severance payments, we can iden-

tify the importance of liquidity effects. As in Chetty (2008), we then exploit the

fact that the Mathematica data contain information on whether displaced workers

received severance payments at the time of the job loss, so we can estimate the

following Cox proportional hazards regression analogous to (14):

lnhit = βSevi + θXit + err. (18)

where Sevi is an indicator equal to 1 if the displaced worker has received a sev-

erance payment. The additional controls Xit include worker’s age, four education

dummies, splines in past tenure and past wages, the log of unemployment benefits,

fixed effects for state, occupation and industry, unemployment duration dummies

and the interaction of the severance payment dummy with unemployment du-

11Here we focus on the effects on search effort, but of course severance payments can affect
workers’ incentive to accumulate precautionary savings and in this sense they also induce a
moral hazard problem.
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ration. Again the model is estimated for the full sample and separately for the

two age groups. The resulting estimate for β is reported in Table 3. The first

column reproduces the full sample results in Chetty (2008), which indicate that

unemployed workers with severance pay have job finding rates about a quarter

lower. When we split the sample by age, the reduction in finding rates for younger

workers is around a third, while for older workers it is close to zero and not sta-

tistically significant at conventional levels. This is again consistent with the idea

that young workers have trouble smoothing consumption during unemployment,

due to lack of liquidity.

Table 3: Elasticity of job finding to severance pay, Mathematica data

All 20-40 yrs 41-60 yrs
Severance pay -.23∗∗∗ -.35∗∗∗ -.08

(.07) (.09) (.11)
Number of spells 2428 1514 790

Notes: Estimates of β in (18) using Mathematica data. Further details are as in Table 1.

4 The laboratory economy

We now consider a life cycle model with ongoing unemployment risk which we use

as a laboratory economy to examine three questions: we study the magnitude of

the welfare gains of age-dependent unemployment insurance, compare them with

those under the unconstrained optimal scheme for unemployment insurance over

the life cycle, and then analyze how accurately the simple formulas discussed in

Section 2 identify welfare gains of age-dependent policies. We first characterize the

economy. Then we turn to calibration and discuss key properties of the calibrated

economy. The study of the first best policy is in Section 5, the analysis of age-

dependent policies in Section 6.

4.1 Assumptions

There is a mass 1 of workers who live for n̄w + n̄r periods. They are active in

the labor market in the first n̄w periods and retired in the last n̄r. Allowing for

retirement is necessary in order to get an empirically plausible age profile of assets.

Workers have discount factor β and receive utility from consumption u(c) = c1−σ

1−σ ,

with σ > 0. They are born with no job, no human capital, e = 0, no assets, a = 0,

and can save in a riskless bond that pays a constant interest rate r satisfying
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β = 1
1+r

. Workers have limited ability to borrow, and their assets cannot be less

than the borrowing limit l. In each period of employment, workers accumulate

one unit of human capital and receive wages w(e) that satisfy w′ ≥ 0 and w′′ ≤ 0.

This formalizes the notion that there are positive but decreasing returns to labor

market experience. Employed workers of age n lose their job with probability

δn, and when unemployed they choose how intensively to look for a new job.

We allow the separation rate to be age-dependent in order to match the age

profile of unemployment in the data. Search intensity reduces the probability of

unemployment and the amount of leisure.12 We assume that a worker who receives

job offers with probability 1 − µ enjoys utility from leisure ψ(µ), with ψ′(µ) > 0

and ψ′′(µ) < 0. Here µ denotes the within-period unemployment probability of a

worker searching for a job. We adopt the same timing convention as Lentz and

Tranaes (2005) and Chetty (2008), whereby successful search in a period leads to

a job in the same period. If a worker of age n is jobless at the end of the period, he

receives unemployment benefits which are a fraction ρn of his last wage in the job.

At the end of each period of unemployment there is a probability γ of the worker’s

human capital being depreciated to an amount κ(n, e) ≤ e, which is dependent on

the worker’s age n and human capital in his previous job e. If, at some point during

the unemployment spell, worker’s human capital has depreciated, the worker is re-

employed with human capital κ(n, e). This induces wage losses upon displacement,

which increase substantially with age as is documented in Davis and von Wachter

(2011) and Johnson and Mommaerts (2011). Unemployment and the associated

human capital losses are the only source of risk. During the last n̄r periods of their

life, workers receive retirement pensions π which, as in Conesa, Kitao and Krueger

(2009), are independent of earnings history. During employment, workers of age

n pay income taxes that are a fraction τn of their labor income. Taxes finance the

unemployment insurance program and retirement pensions. Like Hopenhayn and

Nicolini (1997) and Shimer and Werning (2007, 2008), we assume that workers

and government face the same interest rate and that government policies are

actuarially fair. This implies that the expected present discounted value of all

transfers received by the worker is equal to the present value of the tax revenue

12We model the moral hazard of UI by relying on search effort decisions. There is evidence from
time use surveys that job search intensity is inversely related to the generosity of unemployment
benefits (see Krueger and Mueller, 2010). But the moral hazard induced by UI generally leads
both to a decrease in search effort and to an increase in reservation wages. Like Shimer and
Werning (2007, 2008), we believe that the the main implications of the paper are little affected
by whether the moral hazard is characterized in terms of search effort or of reservation wages.

22



he expects to pay over his working life.13

4.2 The worker’s maximization problem

Let ce(n, e, a, a′) = (1 − τn)w(e) + (1 + r)a − a′ denote the consumption of an

employed worker of age n ≤ n̄w with human capital e and assets a, who chooses

asset level a′ for the next period. Since a′ should be greater than the borrowing

limit l, the value of being employed for this worker satisfies:

V (n, e, a) = max
a′≥l

u (ce(n, e, a, a′))+β [(1−δn)V (n+ 1, e+ 1, a′) + δnJ(n+ 1, e+ 1, a′)]

(19)

where the last term incorporates the fact that with probability δn a worker of age

n has to search for a new job, which has value

J(n, e, a) = max
µ∈[0,1]

ψ(µ) + µU(n, e, a) + (1− µ)V (n, e, a) (20)

This uses the timing convention that search leads to a job in the period with

probability 1− µ; otherwise the worker remains unemployed, which has value

U(n, e, a) = max
a′≥l

u(cu(n, e, a, a′))+β (1− γ) J(n+1, e, a′)+βγJ∗(n+1, e, a′) (21)

where cu(n, e, a, a′) = ρnw(e) + (1 + r) a− a′ denotes current period consumption

when unemployed at age n. With probability γ the worker undergoes a loss of

human capital and the function J∗ denotes the value of search after this loss. It

satisfies the following Bellman equation

J∗(n, e, a) = max
µ∈[0,1]

ψ(µ) + µU∗(n, e, a) + (1− µ)V (n, κ(n, e), a), (22)

which incorporates the assumption that after the loss in human capital the worker

is reemployed with human capital κ(n, e) ≤ e, where e is his human capital in the

previous job.14 In the expression above, U∗ denotes the value of being unemployed

after a loss in human capital, which satisfies

U∗(n, e, a) = max
a′≥l

u(c∗(n, e, a, a′)) + βJ∗(n+ 1, e, a′) (23)

13This government budget constraint can also be justified assuming that in every period new
cohorts of workers enter the labor market, that the size of these cohorts increases at rate r over
time and that the government budget is balanced, so that the total tax revenue net of transfers
across cohorts is zero in each period.

14Notice that the human capital loss e− κ(n, e) depends on age at reemployment and not at
displacement. This is a simplifying assumption allowing to economize on the number of state
variables.
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where c∗(n, e, a, a′) = ρnw(e) + (1 + r) a− a′ denotes per period consumption and

e refers to worker’s human capital at the time of displacement. In writing (19),

(21) and (23) we adopted the convention that V(n̄w + 1, e, a) = U(n̄w + 1, e, a) =

U∗(n̄w + 1, e, a) = 1−βn̄r
1−β u (cr (a))where the last term is the value of retiring at

n = n̄w + 1 with assets a, which is equal to the discounted value of consuming in

every remaining period cr (a) = π + ra
1−βn̄r .

Government policies are actuarially fair in that the expected present value of

the income taxes collected over the working life of a worker is equal to the present

value of the UI benefits and retirement pensions the worker expects to obtain over

his entire life. This implies the condition

n̄w∑

n=1

βn
∫

R+
ρnw (e)χu (n, de) +

n̄r∑

n=n̄w+1

βnπχr(n) =
n̄w∑

n=1

βn
∫

R+
τnw (e)χe (n, de)

(24)

where the integrals are conventionally defined Lebesgue integrals (see Stokey, Lu-

cas and Prescott, 1989). Here χe (n, e) denotes the measure of employed work-

ers of age n and experience e, χu(n, e) denotes the mass of workers of age n

who collect benefits and who were displaced with human capital e, and χr(n) =
∫
χe (n̄w, de) +

∫
χu (n̄w, de) = χr denotes the measure of retired workers of age n,

which is constant and independent of age.15 Of course, since the mass of work-

ers in the economy is 1, these three measures taken together form a probability

measure:
n̄w∑
n=1

[
∫
R+ χu (n, de) +

∫
R+ χe (n, de)] + n̄rχ

r = 1.

4.3 Calibration

The model is calibrated at quarterly frequency to data for male workers in the

US. The parameters are determined jointly to match the calibration targets in

Table 4. This process can be seen as estimation by indirect inference (see for

example Gouriéroux, Monfort and Renault, 1993). The resulting parameter values

are in Table 5. The Online Appendix contains details on the construction of

the calibration targets in the data and in the model. We now discuss how the

parameters are identified starting from moment conditions.

Technology We assume that workers are born at 20 years of age, are active for 45

years, n̄w = 180, and live 20 years after retirement, n̄r = 80. The wage function

w(e) is restricted to be non-decreasing and is characterized by a cubic spline at

the ten skill knots reported in Table 5. The values at the knots are set to match

15For expositional simplicity we do not make these measures explicitly dependent on some
policy-relevant state variables, such as assets or depreciation of human capital.
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Table 4: Calibration targets and model fit

Moment condition Data Model Source
Mean wages relative to 20 years old:

21 - 24 years 1.12 1.14 CPS
25 - 29 years 1.37 1.39 CPS
30 - 34 years 1.60 1.62 CPS
35 - 39 years 1.76 1.76 CPS
40 - 44 years 1.85 1.84 CPS
45 - 49 years 1.93 1.89 CPS
50 - 54 years 1.93 1.92 CPS
55 - 59 years 1.90 1.93 CPS

Unemployment rate:
21-24 years .104 .104 CPS
25-34 years .058 .058 CPS
35-44 years .046 .046 CPS
45-54 years .042 .042 CPS
55-64 years .041 .041 CPS

Proportion of displaced workers with
benefits who experience a wage loss .57 .57 SIPP

Median wage loss upon re-employment:
21-30 years .00 .00 SIPP
31-50 years -.07 -.07 SIPP
51-64 years -.10 -.10 SIPP

Unemployment duration (in weeks):
21-30 years 17.1 17.0 CPS
35-45 years 20.2 20.6 CPS
50-60 years 25.8 25.7 CPS

elasticity of unemployment to benefits:
21-30 years .24 .24 SIPP
35-45 years .60 .60 SIPP
50-60 years .80 .85 SIPP

UI benefit replacement rate .50 .50 SIPP
Retir. pensions over mean wages .39 .39 OECD
Minimum assets for workers of age ≤ 35
over mean quarterly total income: -.61 -.60 SCF

Notes: Unless otherwise specified all statistics are averages for either the entire working-age
population or the corresponding age group. The age profiles of wages, unemployment rates,
and unemployment duration are from CPS data on a sample of working-age males for 1990-
2010. The minimum asset level in the data comes from SCF in 2007 and it corresponds to
the 5th percentile of the net worth of workers younger than 35 over the mean quarterly total
income in the working age population. Wage loss statistics are from SIPP for 1996-2007,
for working-age white males displaced from a full time payroll job and who have cashed UI
benefits at some point during their unemployment spell. Displaced workers are identified as
in Johnson and Mommaerts (2011). Retirement pensions statistic is from OECD (2007). UI
benefits replacement rate is as in Chetty (2008). See the Online Appendix for further details
on calibration targets in data and model.

the average wage levels for the eight age groups in Table 4, plus the normalization

condition that w(0) = 1 and that wages are constant for workers in their sixties.

The age profile of wages in the data is obtained from the CPS for 1990-2010, using

a sample of working-age men: wages increase on average by around 90 per cent
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over the life cycle.

The separation rate function δn is characterized by a five-value cubic Hermite

spline with age knots at n = 10, 40, 80, 120, 160. To make sure that δn always

lies in the interval [0, 1] we impose the boundary constraints that for n ≤ 10,

δn = δ10 while for n ≥ 160, δn = δ160. The five values of the spline are implicitly

calibrated to match the average unemployment rate of the five age groups in Table

4. Henceforth in the construction of age groups, we drop workers aged 20 and 65

because in the model the former are mostly unemployed and the latter about to

retire. The resulting δn function is plotted in the Online Appendix. The mean

separation rate is 0.035 which is roughly consistent with the data on average job

tenure and with the mean separation rate from JOLTS over the period 2005-2007.

To calibrate the borrowing limit l, we take the distribution of net worth of

workers under 35, who are the most likely to be financially constrained in the

model. In practice l is set to be equal to minus 61 percent of the mean quarterly

total income (i.e. from both labor and capital) in the economy. In the 2007

Survey of Consumer Finances (SCF) this corresponds to the 5th percentile of the

distribution of the net worth of these workers over average quarterly income (from

labor and other sources) in the Survey.

Table 5: Parameter values

Parameter Definition Value
n̄w Working periods 180
n̄r Periods in retirement 80
β Discount factor .99
ρ UI benefit replacement rate .50
π Retirement pension level .66
l Borrowing constraint −1.12
σ Risk aversion 2.0
τ Tax rate .0707
w(e) Wages at e = 20j, j = 0, 1, ..., 9 {1.0, 1.29, 1.56, 1.73, 1.84,

1.92, 1.95, 1.96, 1.97, 1.97}
δn Separation rate (in percentage) at

n = {10, 40, 80, 120, 160} {8.5, 3.49, 3.07, 2.44, 2.13}
γ Wage loss probability parameter .41
κn Wage losses at n = {1, 40, 80, 160, 180} {1, 1, .93, .90, .899}
ψ(µ) Search effort function at

µ = {0, .25, .47, .75, 1.0} −{7.25, 1.78, .49, .021,−.203}
Notes: The functions w(e), δn, κn, and ψ(µ) are cubic splines through values in table.

Wage losses upon re-employment To calibrate the human capital loss function

κ(n, e) and the wage loss probability parameter γ, we use information on wage

losses upon re-employment from SIPP over the period 1996-2007. We take a

sample of working-age white males displaced from full-time payroll jobs and who
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have received UI benefits at least at some point during their unemployment spell.16

Wage losses are measured as the log difference between the wage in the last job

in the month before displacement and the wage in the new job in the first month

after reemployment. The median wage loss in our data is zero for workers under

30 and increases to around 10 percent for workers above 50.

To characterize the human capital loss function κ(n, e), we assume that if

the worker’s human capital has depreciated during unemployment, the worker is

re-employed with a wage that is a fraction κn of his previous wage w(e). This

implies that κ(n, e) = w−1 (κnw(e)), where w−1 is the inverse function of w(e),

which is well defined since w(e) is non-decreasing in e.17 The wage loss function

κn is characterized by a five-value cubic Hermite spline with knots at the age

levels n = 1, 40, 80, 160, 180. The five values at the age knots are chosen to match

the median wage losses for the three age groups in Table 4 plus the boundary

constraints that for n ≤ 40, κn = κ40 while for n ≥ 160, κn = κ160 which

guarantees that κn always lie in the [0, 1] interval. The resulting κn function is

plotted as a dotted line in panel (a) of Figure 14. The parameter γ, the probability

of a wage loss, is chosen so that a worker who collects UI benefits at some point

during his job search spell has a 57 percent probability of experiencing a wage

loss upon re-employment, which is in line with evidence from our SIPP sample.18

Search effort To characterize the within-period unemployment probability func-

tion ψ(µ) we start by observing that the second derivative of the function ψ is

crucial in determining the value of the elasticity of unemployment to benefits. Ac-

cordingly we model its profile explicitly and constrain it to always be non-positive,

ψ′′ ≤ 0 (see the Online Appendix for further details). In practice the ψ function is

approximated by a cubic spline evaluated at the five age knots reported in Table

5, with the middle knot corresponding to the endogenously determined value of

µ at which the second derivative of ψ peaks (i.e. reaches its minimum absolute

value). The six moment conditions needed to pin the function down are the aver-

16We do not use earlier panels in SIPP because they lack detailed information on why respon-
dents leave their jobs, which we use to separately identify quits from dismissals. To focus on
displacement for exogenous reasons, we classify unemployed workers as displaced if they report
separating from their employer because of layoff, slack work, employer bankruptcy, or because
the employer sold the business, which follows Johnson and Mommaerts (2011).

17For the range of values of e for which the w(e) function is constant, the inverse function
w−1 is defined as selecting the minimum value of e over the corresponding range.

18The values of κn at the age knots are similar to the median wage losses of the corresponding
age groups in Table 4. This is because the wage loss of a re-employed worker of a given age
n is a binary random variable, with a mass probability at zero which is less than half. So the
median wage loss coincides with the positive wage loss, 1 − κn, experienced by workers whose
human capital has depreciated during unemployment.
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age unemployment duration and the elasticity of unemployment to benefits for the

three age groups reported in Table 4. In the model, the elasticity for workers of

age n, ηn, is calculated considering changes in replacement rates at p consecutive

quarters starting from age n. To be sure, let ρ = {ρ1, ..., ρnw} denote the vector

containing the age profile of UI replacement rates in the baseline economy. For

every n, the unemployment elasticity, ηn, is calculated considering two economies,

one with lower and one with higher replacement rates at age n than in the baseline

economy.19 The resulting ψ(µ) function is depicted in panel (a) of Figure 4.

Remaining preferences We set β to .99, to match an annual interest rate of ap-

proximately 4%. The CRRA parameter σ is chosen to be equal to 2, as in Conesa,

Kitao and Krueger (2009) when using a specification with separable utility be-

tween consumption and leisure.

Policy parameters The income replacement rates of benefits ρn are assumed to be

equal to a constant value ρ, which following Chetty (2008) is calibrated to .5.20

The retirement pensions π are set equal to 0.662, which yields a ratio of retirement

pensions over mean quarterly labor income of 0.39 in line with aggregate statis-

tics from OECD (2007). The tax rate τ = 7.07% keeps the government budget

constraint in (24) satisfied.

4.4 Further properties of the calibrated economy

Panels (b)-(h) of Figure 4 characterize the age profile of key variables in the

model economy and in the data. In all panels, the solid blue line corresponds to

the model, the dashed and dotted red lines to the data. To facilitate comparison,

we form the age groups 21-25, 26-35, 36-45, 46-55, and 56-64. As before we ex-

19The lower and the higher replacement rates at age n are characterized by the vector ρin =
{ρ1, ..., ρn−1, ϑ

i
n, ϑ

i
n+1, ..., ϑ

i
n+p−1, ρn+p, .., ρnw

}, i = l, h where ϑln+j = ρn+j − ε
2 and ϑhn+j =

ρn+j+ ε
2 , ∀j = 0, 1, ...p−1. In the paper we work with ε = 0.02 and p = 4, which corresponds to a

change in benefits for an age group of one year. We checked that results are not greatly affected
by reducing ε or p. We consider changes in benefits for p consecutive quarters both to increase
sample size and to reduce the likelihood that the policy change affects workers’ search effort
decisions through effects on unemployment duration dependence in benefits, which is an issue
somewhat unrelated to age-dependent policies. To avoid this problem we could have indexed
the level of replacement rates not to current age but to the age at which the worker is displaced.
But this alternative specification would require an additional state variable, which would involve
additional computational costs.

20In practice, replacement rates in the US are not completely independent of age since wages
are typically replaced by a constant percent but with a cap. This implies that effective replace-
ment rates are lower for groups with higher wages (such as older workers). Matching this feature
of the US system would require making UI replacement rates a function of both n and e. In
any case age differences in actual replacement rates are small (about 10 percent) compared with
those that arise under the optimal age-dependent policies studied in Section 6.
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clude workers aged 20 and 65 because in the model they are mostly unemployed

or on the verge of retirement. We then calculate averages for wages (panel b), un-

employment rates (panel c), unemployment duration (panel e) and net assets over

average quarterly total income in the economy (panel h). Data averages for the

elasticity of unemployment to benefits (panel e), consumption when unemployed

(panel f), and consumption differences between employed and unemployed (panel

g) correspond to the analogous profiles in Figures 1 and 2. The model matches

well the profile of wages, unemployment rates and unemployment duration, pan-

els (b)-(d). All these were explicitly used as calibration targets. The model just

tends to over-predict the unemployment duration of workers in their early sixties.

This is because the ψ function in panel (a) is strictly positive at a within-period

unemployment probability equal to 1, so unemployed workers close to retirement

always tend to shirk. The unemployment risk faced by workers over their working

life is sizeable: around 24 per cent of workers have to search for a new job in at

least one out of ten periods of their working life. The model also matches the

age profile of the elasticity of unemployment to benefits in the data reasonably

well: the model counterpart tends to lie between the estimated value based on the

unemployment duration analysis in SIPP and the value obtained using aggregate

state level data from CPS.

As regards consumption, the model approximates moderately well the age pro-

file of consumption when unemployed in the data (panel f), although the model

tends to reach a plateau a couple of years earlier. Also the model’s profile of con-

sumption losses upon unemployment—as measured by the log difference between

the average consumption of the employed and the unemployed—is reasonably in

line with the data. Finally panel (h) shows the age profile of net assets. Asset

levels are higher in the data, but overall the model reproduces the average increase

of assets over the life cycle quite well. This is remarkable, considering that the

calibration used no information on consumption and only limited information on

assets.

4.5 Elasticities and redistribution formulas

Panel (a) of Figure 5 plots the age profile of the simple redistribution formula

%n in (8) as a solid blue line and that of the extended redistribution formula %̃n

in (11) as a dashed red line. The simple redistribution formula is calculated as

%n = u′(cun)
1+ηn

where cun denotes the expected consumption of unemployed workers
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Notes: With the exception of panel (a), solid blue lines correspond to model, dashed and dotted
red lines to data. The dashed red lines in panel (b), (c), and (d) are from CPS. Dashed and
dotted red lines correspond: in panel (c) to panel (a) and (b) of Figure 1, respectively; in panel
(d) to the solid red lines in panel (a) and (b) of Figure 2, respectively; in panel (e) to differences
between solid red line and dashed blue line in panel (a) and (b) of Figure 2, respectively. Dashed
red line in panel (e) is the ratio between households’ net worth in the age group and households’
average quarterly total income in SCF. In panel (f) the log consumption of employed workers
aged 50-55 is normalized to zero, which is as in Figure 2.

Figure 4: Properties of laboratory economy
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of age n. To calculate %̃n at each n we again exploit changes in income replacement

rates at p consecutive quarters starting from age n. We use these policy changes

to calculate the cross elasticity of unemployment

η̃n =
n̄w∑

i=1

∂µi
∂ρn
· β

iρi
βnµn

, (25)

which is analogous to (12). Here µn ≡
∫
R+ χu (n, de) denotes the mass of workers

of age n who collect benefits. We also define the present value of total tax revenue

as equal to T(ρ) =
∑n̄w
n=1 β

n
∫
R+ τnw (e)χe (n, de) and calculate the derivative of

T with respect to the age-dependent change in benefits. We then use (11) to

calculate %̃n (see the Online Appendix for further details).
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Figure 5: Comparison between simple, %n, and extended, %̃n, redistribution for-
mula

The age profiles of %n and %̃n in Figure 5 are remarkably similar, which indicates

similar welfare gains from redistributing unemployment insurance over the life

cycle. Both ratios are generally decreasing with age and have values close to 1.5

for workers in their twenties and close to 0.25 for those in their forties and early

fifties. On the whole, this suggests that one unit of government money would yield

six times more welfare gains when assigned to young unemployed workers than

to middle-aged unemployed workers. As is implied by the discussion in Section

2.3, there are three reasons why in the baseline calibration %n differs from %̃n:

(i) %n focuses on the marginal utility of expected consumption, not the expected

marginal utility of consumption; (ii) %n misses the effects of age-specific changes

in benefits on the unemployment level of age groups other than those directly

targeted by the change in benefits; and (iii) %n neglects the effects of UI on tax
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revenue.21 Since the marginal utility of consumption is convex, effect (i) tends to

make %n less than %̃n while effects (ii)-(iii) tend to make it greater. To analyze

the contribution of each factor separately, in panel (b) of Figure 5 we compute

%n adding one source of difference at a time: the solid blue line corresponds

to the profile of %n in panel (a); the dashed red line is analogous, but with %n

calculated using the expected marginal utility of consumption rather than the

marginal utility of expected consumption; the dash-dotted green line corresponds

to calculating %n using the extended elasticity of unemployment η̃n in (25) rather

than the simple elasticity ηn; and finally the dotted purple line is obtained by

calculating %n after adding to the denominator the effect of taxes, as measured

by ∂T
∂bn
· 1
µn

. For workers under 40, consumption is low, which makes the marginal

utility of consumption highly convex. For these workers the positive effect on %̃n

of taking expectations almost exactly cancels out the negative effects on %̃n due to

unemployment cross-derivatives and taxes. So the simple and extended formulas,

%̃n and %n, almost overlap in panel (a). But for workers above 40, consumption is

high enough to make the marginal utility of consumption almost linear. For these

workers, the effects of cross-derivatives and taxes necessarily dominate, so %̃n falls

below %n.

5 Optimal life cycle unemployment insurance

At birth, workers have to look for a job, they have no experience and no assets so

their welfare is given by Ws ≡ J(1, 0, 0). Before analyzing age-dependent policies,

let us study the first best problem faced by an agency that observes workers’ assets

and search effort and maximizes initial worker’s utility Ws by choosing benefits ρ,

taxes τ , and pensions π as a function of the worker’s entire history. The govern-

ment budget is balanced, so an expression analogous to (24) holds. Since assets

are observable, we can posit that the agency directly controls workers’ consump-

tion. Search effort too is observable, so there is no moral hazard problem and the

agency can achieve perfect consumption smoothing by guaranteeing the worker

a constant consumption level c through his entire life. As a result consumption

losses upon unemployment are zero. Let Υ (n, e, c) denote the total net cost of

providing a constant consumption flow c to a worker of age n ≤ n̄w with human

capital e who has just started looking for a job. This cost is equal to the difference

21In the baseline calibration ρn > 0, ∀n, so the feasibility constraint is never binding and ωn
in (11) is always equal to zero.
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between the present value of consumption expenditure and the expected present

value of the income Y (n, e, c) generated by the worker:

Υ (n, e, c) =
1− βn̄w+n̄r+1−n

1− β
c− Y (n, e, c) (26)

In each period the within-period unemployment probabilities are set to maximize

the utility value of Y net of the disutility cost of job search (see the Online

Appendix for details). The function Υ (n, e, c) in (26) is decreasing in c, because

higher consumption implies greater expenditure and lower future income Y, as

higher c reduces search effort due to a conventional income effect. The optimal

value of c, denoted by c∗, is set to make Υ (n, e, c) at worker’s birth equal to

zero Υ (1, 0, c∗) = 0.The solid line in panel (a) of Figure 6 characterizes the age

profile of job finding rates under the optimal policy. The finding rate for workers
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Notes: Solid lines correspond to the first best economy; dotted lines to the baseline economy;
dashed lines to the economy with age-dependent replacement rates; dash dotted lines to
the economy with age-dependent replacement rates and tax rates.

Figure 6: First best policy and optimal age-dependent policies

of age n, fn, is simply the ratio between the number of workers of age n who

find a job in a period and the number of workers of the same age searching for

a job.22 Finding rates are slightly increasing with age until two years before

retirement, when they fall rapidly to zero. Since the ψ-function is concave, the

22Let χs(n, e) = χu(n − 1, e) + δn−1χ
e (n− 1, e− 1) denote the measure of workers of age n

searching for a job who had human capital e at the time of displacement. Notice that χs(n, e)
is the sum of two terms: the first is the mass of workers of age n − 1 who collect benefits in
a period and who will search for a job in the next period when they are one period older; the
second is the fraction δn−1 of employed workers of age n − 1 and human capital e − 1 losing
their job. With this notation we have that the number of workers of age n searching for a job
is σn =

∫
R+ χ

s (n, de) , which allows us to express the job finding rate as equal to fn = σn−µn

σn
.
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agency would like to smooth search effort over time, but the opportunity cost of

having an old, typically high-skilled worker unemployed is high in view of his high

productivity. So finding rates slightly increase with age. Just before retirement,

search is unprofitable since little time is left to capitalize on the investment, so

finding rates drop to zero.

To analyze the profile of income replacement rates under the optimal policy, we

follow the optimal unemployment insurance literature (Hopenhayn and Nicolini,

1997) and define c∗

w(e)
as the optimal replacement rate of a worker whose human

capital at the time of displacement was equal to e. Similarly we can consider

an employed worker with human capital e and define the tax rate implied by

the optimal policy as equal to 1 − c∗

w(e)
: Figure 7 characterizes the age profile

of the average replacement rate (solid line) and average tax rates (dashed line).

Since wages w(e) tend to increase with age and the agency guarantees perfect

consumption insurance to workers, we have that replacement rates are on average

decreasing with age while tax rates are increasing. Table 6 compares welfare

under the optimal policy and in the baseline economy.23 Gains relative to the

status quo are sizable, roughly equivalent to a 3.4 per cent increase in per period

consumption.
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Notes: Age profiles of UI income replacement rate, c∗

w(e) , (solid blue line) and income tax

rate, 1− c∗

w(e) , (dashed red line) as implied by the first best policy.

Figure 7: Income replacement rates and tax rates in first best policy

23In the baseline economy the average income replacement rate of UI benefits might not be
optimal. To better isolate the effects of age-dependent policies, welfare gains are always measured
relative to the economy with an optimal replacement rate. In practice, like many others (see
Davidson and Woodbury 1997, Shimer and Werning 2007, Pavoni 2007, and Chetty 2008), we
find that the optimal replacement rate—0.51—is close to the actual US level. Differences with
the baseline economy of Section 4 are therefore minimal.
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6 Age-dependent policies

In the previous section transfers could be conditional on workers’ entire labor

market history as well as on their assets, age, experience, and employment status,

thus guaranteeing perfect consumption insurance. We now study age-dependent

policies, where the government can make income replacement rates, ρn, and labor

income tax rates, τn, conditional on age n alone. Pension levels are left unchanged,

while tax levels are always adjusted to satisfy the government budget constraint

(24).

6.1 The problem

An optimal age-dependent income replacement rate policy is a choice for the vec-

tor of replacement rates ρ that maximizes Ws ≡ J(1, 0, 0) subject to the budget

constraint in (24), workers’ optimal choices as implied by (19)-(22), and a fea-

sibility constraint that requires replacement rates to be non-negative ρ ≥ 0.24

We model ρn as the maximum between zero and a cubic spline at the ten age

knots corresponding to n = 1, 20, 40, 60, 80, 100, 120, 140, 160, 180. We search for

the value at the knots that maximize workers utility at birth Ws and check that

the results are not altered greatly by increasing the number of knots. We then

allow income tax rates also to vary with age. This problem is analogous to the

foregoing: the government chooses ρ ≥ 0 and the vector of tax rates τ to maxi-

mize Ws subject to exactly the same constraints. To solve this problem, we again

assume that ρn and τn are a cubic spline at the previously defined age knots where

the former function is restricted to be non-negative. For each policy, we study

how replacement rate and tax rates vary by age and analyze the properties of

the %n ratio in (1) as well of the modified redistribution formula %̃n in (11). We

then quantify the gains from age-dependent policies and compare them with those

attained under the optimal life cycle unemployment insurance problem of Section

5. In comparing welfare gains we also consider an economy in which the income

replacement rates of unemployment insurance are maintained at the current US

level, while the age profile of labor income tax rates τ is chosen to maximize Ws

subject to exactly the same constraints as before.

24We impose this constraint because the worker could always opt to drop out of the labor
market and so receive zero benefits.
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6.2 Optimal policies

The solid lines in the four panels of Figure 8 characterize the economy with optimal

age-dependent replacement rates and constant income tax rates. Dotted lines
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optimal age-dependent income replacement rates from UI and constant income tax rates.

Figure 8: Age-dependent replacement rates only

correspond to the baseline economy of Section 4. Panel (a) shows the optimal

age profile of replacement rates, panel (b) the profile of the marginal utility of

average consumption when unemployed, panel (c) the elasticity of unemployment

to benefits, and panel (d) the profile of %n as previously defined. Under the optimal

age-dependent policy, replacement rates are raised from the current value of 50 per

cent to around 80 percent for workers in their mid-twenties and to 60 per cent for

those in their thirties. Workers in their forties and fifties, by contrast, get almost

no benefits. The age profile of the average marginal utility of consumption when
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unemployed is substantially flatter than in the baseline economy. The elasticity of

unemployment to benefits, ηn, is generally smaller than in the baseline economy

and tends to decrease with age. Because of this, the age profile of the %n ratio is

now substantially flatter than in the baseline economy.

Let us consider why %n does not become completely independent of age under

the optimal age-dependent UI benefits policy. In panel (a) of Figure 9 we plot

the age profiles of %n and %̃n in the economy with optimal age-dependent income

replacement rates. As expected, %̃n is approximately flat while %n is greater than

%̃n for workers under 40 and lower for those over 40. To see why the two profiles
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corresponds to the effects of the Lagrange multiplier on the feasibility constraint ρn ≥ 0.

Figure 9: %n and %̃n in the economy with optimal age-dependent UI benefits

differ, we perform a decomposition exercise identical to that in panel (b) of Figure

5 but now also taking into account that for workers older than 40 the feasibility

constraint ρn ≥ 0 is binding, so that the Lagrange multiplier ωn in (11) is strictly

positive. The contribution of the Lagrange multiplier corresponds to the bold

blue dotted line in panel (b), which is obtained by calculating %n after adding

to the numerator in (1) the Lagrange multiplier ωn
µn

, which is positive when the

feasibility constraint ρn ≥ 0 is binding. All the other lines are as in panel (b)

of Figure 5: the solid blue line corresponds to the profile of %n in panel (a); the

dashed red line is analogous, but with %n calculated using the expected marginal

utility of consumption rather than the marginal utility of expected consumption;

the dash-dotted green line corresponds to calculating %n using the elasticity of

unemployment extended to include cross-derivatives η̃n, not the simple elasticity

ηn; finally the dotted purple line is obtained by calculating %n after adding to the
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denominator the effect of taxes, as measured by ∂T
∂bn
· 1
µn

. For workers under 40, %n

is greater than %̃n mainly because η̃n is greater than ηn—that is, because changes

in benefits for one age group increase unemployment for other age groups as well.

For workers above 40, %n falls below %̃n just because the feasibility constraint

ρn ≥ 0 is binding, which makes the Lagrange multiplier ωn
µn

strictly positive.

Figure 10 is analogous to Figure 8, but now we also optimally choose the age

profile of labor income tax rates. Taxes are generally set to achieve a smooth

age profile of consumption. Tax rates increase with age until the very late fifties

when they start to fall steeply until retirement. Taxes before retirement are low
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Notes: In all panels dotted lines correspond to the baseline economy, solid lines to the
economy with optimal age-dependent income replacement rates from UI and labor income
tax rates. In panel (d) the dashed red line corresponds to the profile of %̃n in the economy
with optimal age-dependent policies.

Figure 10: Age-dependent replacement rates and tax rates

in order to provide strong incentives to highly productive older workers, as well as
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to finance high consumption during retirement.25 The age profile of replacement

rates is decreasing in age as in Figure 8, but now the rates are significantly lower for

workers in their thirties. Just before retirement, benefits increase slightly, which

follows from the analysis of %̃n in (11): for this age group tax rates are negative,

so ∂T
∂bn

is positive, which pushes up the value of %̃n and thereby justifies increasing

ρn. The age profiles of the marginal utility of consumption when unemployed and

of the elasticity of unemployment to benefits become substantially flatter than

in the baseline economy. As a result the profile of %n becomes almost invariant

to age except for very young and very old workers, for whom %n falls to around

ten percentage points below its average. As expected, the age profile of %̃n is

completely flat (dashed line in panel (d)). A decomposition exercise analogous to

the one performed in panel (b) of Figure 9 shows that almost all the differences

between %n and %̃n are due to the age profile of taxes: when taxes are negative,
∂T
∂bn

in (11) is positive, which makes %̃n greater than %n; when taxes are positive,
∂T
∂bn

is negative and %̃n falls below %n.

6.3 Welfare comparisons

Figure 6 characterizes the age profile of job finding rates (panel a) and consump-

tion when unemployed (panel b) in the baseline economy (dotted line), in the

economy with optimal age-dependent benefits (dashed line), in the economy with

the combined age-dependent policy for benefits and taxes (dash dotted line) and

in the optimal problem studied in Section 5 (solid line). Age profiles in the four

economies do differ. In the first-best economy and under age-dependent policy, job

finding rates are mildly increasing with age. Both in the first best economy and

in that with combined age-dependent benefits and taxes, consumption is flat and

consumption losses are small and relatively independent of age. In the baseline

economy, finding rates are strongly decreasing in age, consumption is increasing

and consumption losses are large for workers in their twenties and thirties.

Table 6 quantifies the welfare gains under the different allocations. The first

best policy with observable search effort yields welfare gains equivalent to a 3.4%

increase in consumption. The table normalizes these gains to 100% and compares

them with those attained under alternative age-dependent policies. With age-

25Since the retirement age is exogenous, workers in their sixties have little incentive to search
for a job. Moreover we are not maximizing with respect to the level of retirement pensions π,
which affects the choice for the age profile of taxes before retirement: when we double the value
of π, taxes fall significantly less in the five years before retirement.
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dependent income replacement rates, welfare gains are equivalent to just under

a 1% increase in lifetime consumption. Combining age-dependent unemployment

insurance with age-dependent taxes, the gain rises to 3.2%. That is, simple age-

dependent policies yield more than 90% of the welfare gains of the optimal unem-

ployment insurance program.26 It is also useful to study the economy where the

Table 6: Welfare comparisons

Economy Welfare Consum.
gains equiv.
(%) (%)

Baseline economy with optimal replacement rate (51%) 0 0
Age-dependent replacement rate 23.3 0.8
Age-dependent tax rate 68.3 2.4
Age-dependent replacement rate and tax rate 92.4 3.2
First best economy 100.0 3.4

income replacement rates are maintained at the current US level and labor income

tax rates are allowed to vary with age. In this economy, tax rates are implicitly

set to smooth the age profile of income, so consumption is relatively smooth over

the life cycle but not across employment states. The economy with age-dependent

income tax rates yields welfare gains equivalent to about two-thirds of those under

the combined age-dependent policy for replacement rates and taxes, with the un-

covered one third due to age-dependent income replacement rates. As is discussed

below, a good part of the welfare gain comes from relaxing financial constraints

over the life cycle: in the baseline economy of Section 4.3, when we set the bor-

rowing limit l at its natural level—so that no worker is financially constrained—

welfare increases by around 3% in consumption equivalent, a large share of the

gains from age-dependent policies.27

Decomposing welfare gains The welfare gains stem from five different first-

order effects: better consumption smoothing over the life cycle, better consump-

tion smoothing across employment states, a lower incidence of unemployment, a

changing allocation of search effort, and finally production efficiency, insofar as

output increases. Production efficiency gains are equal to the expected increase

26As in Shimer and Werning (2008), there is small welfare gain from making UI benefits
dependent on unemployment duration. As workers spend more time unemployed, their assets as
well as their human capital fall, which drives their consumption down. This gives unemployed
workers close-to-optimal incentives to search for new jobs.

27Notice that the natural borrowing limit is function of worker’s age n and workers’s human
capital e, l(n, e), see the Online Appendix for details.
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in the present value of output produced by a worker at birth. To measure the

contribution of the other four effects, we take the expected initial utility of a

fictional worker representative of a given economy, up to first order effects. Sec-

ond order effects due to changes in the dispersion of consumption and search

effort are measured as residuals. The representative worker is active in the la-

bor market for n̄w periods and retired for the remaining n̄r periods of his life.

At each age n the worker has a probability νn of being unemployed, equal to

the age-specific unemployment rate in the economy. If employed, he has con-

sumption cn equal to the analogous economy-wide average. If unemployed, his

consumption level is cn (1− ϕn), where ϕn denotes the average consumption loss

upon unemployment at age n in the economy. The mass of people searching

is δn
1−(1−δn)µn

and the within-period unemployment probability is µn = 1 − fn,

equal to the average probability of remaining unemployed for a worker searching

for a job at age n. The initial utility of the representative worker is set equal

to UR(c̃, ϕ̃, ν̃, µ̃) =
∑n̄w+n̄r
n=1 βn−1

[
(1− νn)u (cn) + νnu (cn(1− ϕn)) + δnψ(µn)

1−(1−δn)µn

]

which is a function of the sequence of consumption c̃, of consumption losses upon

unemployment ϕ̃, of the incidence of unemployment ν̃, and of within-period un-

employment probabilities µ̃. The last term in square brackets is set to zero for

n > n̄w. We checked that UR approximates the initial utility of the correspond-

ing economy reasonably well. This is because, after conditioning for age, cross

sectional heterogeneity in consumption and search effort is relatively small. We

calculate UR in the baseline economy and then measure how it varies when replac-

ing (one at a time) c̃, ϕ̃, ν̃, and µ̃ of the baseline economy with the corresponding

values for the economy with age-dependent policies. This measures the gains from

better consumption smoothing over life cycle, from better consumption smooth-

ing across employment states, from lower incidence of unemployment, and from

changing search effort, respectively. The sequence of consumption c̃ from the

economy with age-dependent policies is scaled down by the size of the production

efficiency gains. The measures of gains are converted into equivalent consumption

units and correspond to percentage increases. The resulting gains are reported

in Table 7 both for the economy with age-dependent benefits only (column 2)

and for the economy where both taxes and benefits are age-dependent (column

3). In the economy with age-dependent benefits only, most gains come from

better consumption smoothing across employment states. In the economy with

age-dependent benefits and taxes, there are also important gains from smoothing

consumption over the life cycle, which represent almost a 2% increase in life time
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Table 7: Decomposing welfare gains of age-dependent policies

Source of gain Age-dependent Age-dependent
benefits only benefits and taxes

Production efficiency 0.05 0.58
Consumption smoothing over time 0.11 1.55
Consumption smoothing across states 0.46 1.07
Incidence of unemployment 0.12 0.27
Search effort over time -0.06 -0.35
Sum 0.68 3.07
Residual (second order effects) 0.10 0.11
Total 0.78 3.18

Notes: Equivalent consumption percentage increases relative to the baseline economy.

consumption. These gains are smaller, but still present even in the economy with

age-dependent benefits only, because young workers use their high UI replacement

rates to obtain a smoother consumption profile over the life cycle. As is discussed

below the magnitude of these gains is affected by the financial constraint l. The

contribution of the changing allocation of leisure is negative, since average search

effort in the economy increases.

7 Further discussion

Now let examine the robustness of the result that UI income replacement rates

should generally decrease with age to alternative specifications of the baseline

model. We first study the effects of relaxing the borrowing constraint l, and then

analyze the effects of changing the return to skill. We also consider a version of

the model in which the government budget constraint (24) is age-specific, barring

income redistribution across age groups. Then we study the role of age-dependent

severance payments in insuring workers against unemployment risk over the life

cycle. Finally we consider larger wage losses during unemployment κn. In an-

alyzing the alternative specifications, we always re-calibrate the economy to hit

exactly the same targets in Section 4.3.

7.1 Relaxing the borrowing limit

To study the effects of relaxing the borrowing constraint l, we multiply its value by

a factor of three—so we now have l = −3.36. The solid line in Figure 11 shows the

new optimal profile of age-dependent UI income replacement rates in the economy

with constant income tax rates. The replacement rates basically duplicate the

profile of the age-dependent policy version of the baseline economy, but they are
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Notes: Profile of UI income replacement rates in the economy with optimal age-dependent
replacement rates and constant income tax rates. Solid line corresponds to the economy
with relaxed borrowing constraint, dotted line to baseline economy.

Figure 11: Age-dependent UI income replacement rates with relaxed borrowing
constraints

lower for young workers, who are now less financially constrained. We have also

studied the welfare gains of optimally choosing age-dependent replacement and

tax rates, which diminishes now to a 2.2% increase in consumption by comparison

with the economy with an optimal constant replacement rate—which now becomes

48%. This confirms that in our model a substantial part of the welfare gains from

age-dependent policies stem from relaxing financial constraints.

7.2 Changing the return to experience

The return to labor market experience varies significantly by type of workers. For

example, wage increases over the life cycle are substantially greater for college

than for high school graduates: roughly speaking the former attain an increase

that is 20 percent more than in our baseline economy, the latter 20 percent less.

To analyze the sensitivity of our results to changes in the return to skill, we take

the experience function w(e) with the normalization condition w(0) = 1 and set

the values of the spline at all age knots to 1 + ζ [w(e)− 1]. The constant ζ − 1

represents a percentage change in the return to labor market experience. We then

analyze the optimal age profile of UI income replacement rates in two economies

one with ζ = .9 and another with ζ = 1.1 (about a 20% difference in the return

to experience). This offers preliminary evidence on how the age profile should

change with education.28 We find that the results change very little: there are

28Of course, one should be careful in taking education as exogenous, since the return to
education and hence the incentive for it is itself affected by labor market institutions. To be
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always welfare gains from allowing UI income replacement rates to decrease with

age, while the profile of replacements rates is also similar across groups (Figure

12). But notice that a fall in the return to experience produces a flatter age profile

and smaller welfare gains. When the return to experience falls, the government

can insure young workers less because the moral hazard problem is more severe.

Moreover, with lower returns to experience, younger workers are less financially

constrained and value unemployment insurance less highly.
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Notes: Profile of UI replacement rates in the economy with optimal age-dependent UI
replacement rates and constant income tax rates. Dotted lines correspond to the baseline
economy, other lines correspond to economy with lower ζ = .9 (as a solid line) and higher
ζ = 1.1 (as a dashed line) return to experience.

Figure 12: Age-dependent UI replacement rates and the return to experience

7.3 Age-dependent government budget constraints

The budget constraint in (24) implies that part of the welfare gains from age

dependent benefits comes because some tax revenue is redistributed from older

wealthier workers to younger less wealthy ones. We now show that this is not

the main reason why replacement rates should decrease with age, studying an

economy where benefit expenditures for workers of a given age are financed by

taxes levied just on workers of the same age (no tax revenue redistribution across

age groups).29 We divide the population into N mutually exclusive age groups

with maximum age difference k = 20 within the group, so that Nk = n̄w. The

set of age levels for the ith age group, i = 1, 2...., N, is given by Γi = {(i− 1)k +

1, (i− 1)k + 2...., ik}. Income taxes are the sum of two rates, one used to finance

sure, here we are not advocating that UI income replacement rates should be education specific.
29We are thankful to Emmanuel Farhi, Juan Pablo Nicolini, and Robert Shimer for suggesting

us this exercise.
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benefits for the specific age group denoted by τn, the other to finance retirement

pensions, denoted by τ̂0. So we have τn = τn + τ̂0 (see the Online Appendix

for details). We then search for the age profile of the UI income replacement

rate ρ ≥ 0 that maximizes the worker’s initial wealth Ws subject to the same

constraints as before but where now the tax rates τ̂i’s i = 1, ..., N satisfy the N

age-specific government budget constraints while τ̂0 is set to finance pensions. The

resulting optimal age-dependent replacement rate under the age-specific budget

constraints corresponds to the solid line in Figure 13. For comparison, the optimal

age-dependent replacement rate from Figure 8 is also plotted (dotted line). The

replacement rate is again generally decreasing in age (at least for workers over

25), but, as no intergenerational redistribution is allowed, the age profile is now

marginally flatter.
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Notes: The age-specific budget constraint is satisfied for non-overlapping age groups of five
years. Solid line is the age profile of replacement rates, dashed line that of income tax rates.
Dotted line corresponds to the optimal profile of UI income replacement rates in Figure 8.

Figure 13: Age-dependent replacement rate with age-specific budget constraint

7.4 Severance payments

To insure workers against wage loss upon displacement, it might be useful to

include severance pay in the optimal unemployment insurance package. Here we

show that age variation in severance payments helps little in enhance welfare

compared with the economy with optimal age-dependent benefits and taxes. To

do so, we now allow for age-dependent severance payments: upon job displacement

workers receive a government transfer equal to ςnw(e) (age n and human capital e

here refer to the last period before job displacement). All the other assumptions of

the baseline model remain as in Section 4. We keep the profiles of age-dependent
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benefits and taxes as given. To be sure, let ρ∗n and τ ∗n denote the optimal age

profile of benefits and taxes as in Figure 10. Here we assume that ρn = ρ∗n and

τn = τ ∗n +τ , where τ is needed to to satisfy the budget constraint. We then search

for the vectors of severance payments ς = {ς1, ..., ςnw} and the value of the tax

rate τ that maximize worker’s initial utility Ws ≡ J(1, 0, 0) subject to the new

budget constraint (see the Online Appendix for details). Exactly as in Section 6,

we assume that ςn is a cubic spline at the previously defined ten age knots and

search for the value at the knots that maximize Ws. When severance payments are

independent of age ςn = ς, ∀n, the optimal constant over age severance payment

is ς = 1.4. This economy yields welfare gains equivalent to a 3.3% increase in

life time consumption relative to the baseline economy. This is 0.1 percentage

point more than in the economy with optimal age-dependent benefits and taxes.

If severance pay varies with age, we find virtually no additional gains (up to the

fourth order).

7.5 Wage losses during unemployment

In the Online Appendix we compare earnings losses upon displacement in our

model with estimates from the empirical literature (Stevens 1997, Couch and

Placzek 2010, Davis and von Wachter, 2011) and other theoretical models (Jung

and Kuhn 2012). In our baseline calibration, the model tends to underestimate

earning losses upon displacement, especially in the long term (more than three

years after displacement); losses in the model are around half those in the empirical

data. We accordingly analyze the robustness of our results when the wage loss

during unemployment κn − 1 is doubled. The new age profile of κn − 1 is plotted

in panel (a) of Figure 14, the new optimal age-dependent UI income replacement

rate ρn in panel (b). Solid lines correspond to the new specification, dotted lines

correspond to baseline. It is apparent that the profile of the optimal age-dependent

ρn is virtually unchanged compared to the baseline calibration. As discussed in

the Online Appendix, this is a general property of the model: the optimal age

profile of ρn is very little affected by changes in either the level or the age profile

of κn.30

30In practice this happens because the age profile of the extended redistribution formula %̃
changes little in response to changes in the profile of κn. For example, with a lower κn, the
marginal utility of consumption of the unemployed goes up which pushes up the value of the
numerator of %̃. But the lower κn also makes tax effects more important, so − ∂T

∂bn
goes up,

which increases the denominator of %̃ and on balance leaves the overall profile of %̃ unchanged.
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(a) Wage losses: κn − 1
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Notes: Panel (a) plots the age profile of wage losses during unemployment in the base-
line calibration (dotted line) and in the economy where wage losses are doubled (solid
line). Panel (b) plots the optimal age-dependent UI income replacement rate ρn in the two
economies.

Figure 14: Age-dependent UI income replacement rates and wage losses upon
re-employment

8 Conclusion

Unemployed young workers have a high marginal utility of consumption, suffer

large consumption losses upon unemployment, and respond little to changes in

unemployment benefits. This indicates that they value unemployment insurance

highly, while the problem of moral hazard is mild. Using a life cycle model with

unemployment risk and endogenous search effort, we find that under the optimal

age-dependent policy, income replacement rates should increase from the current

level of 50 per cent to around 80 percent for workers in their mid-twenties and 60

per cent for those in their thirties. Workers in their forties and fifties, instead, get

benefits of less than 10 percent of their last wage. Allowing unemployment ben-

efit replacement rates and other government transfers to decline with age yields

sizeable welfare gains that amount to around 90 percent of the gains attained

under the unconstrained optimal scheme for unemployment insurance over the

life cycle. Around a quarter of these gains are due to age dependent unemploy-

ment benefits. The quantitative analysis also shows that the age variation in the

ratio of the marginal utility of consumption when unemployed to one plus the

elasticity of unemployment to benefits closely identifies the existence of welfare

gains from redistributing unemployment insurance over the life cycle. This simple

ratio neglects the effects of age-specific changes in benefits on tax revenue and
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on unemployment among age groups not directly targeted by the policy change.

Incorporating these effects leads to an extended redistribution formula that works

exactly in our quantitative model and that might prove to be substantially more

accurate than the previously discussed simple ratio in other attempts of identify-

ing the gains from redistributing benefits across workers of different age, gender,

or race.

We purposely simplified the theoretical analysis in some ways. For example,

we have assumed that job separation rates are exogenous, while in practice UI

benefits affect the outside options of employed workers which can lead to higher

separation rates and more occupational mobility, which we know (Kambourov

and Manovskii 2008, 2009) are higher for the young than for the old. Our mod-

eling of wage losses upon displacement also assumes the depreciation of human

capital during unemployment, but in practice workers could have accumulated

job-specific human capital that is immediately lost upon displacement regardless

of the duration of unemployment. Allowing for job-specific human capital could

weaken our conclusion that age-dependent severance payments do little towards

achieving the welfare gains obtained under the optimal program. Still, we believe

that our results on the optimal age profile of UI benefits are robust to alternative

modeling choices for the process that leads to wage loss upon displacement.

Our analysis suggests that age-dependent policies are Pareto-improving when

applied solely to new generations of workers entering the labor market, but as

policy reforms cannot ordinarily be applied to specific cohorts, the introduction

of age-dependent labor market institutions might have to deal with important

redistribution concerns. In studying age-dependent labor market institutions, we

have focused only on the amount of unemployment benefits, but the analysis

could well be extended to other features, such as benefit duration, maximum

benefit level, and eligibility as well as to other labor market institutions, such as

employment protection and poverty programs. Along some of these dimensions

it could well turn out that older workers require more protection than younger

workers.

Future research should also evaluate the welfare gains from age-dependent

policies for unemployment insurance programs different from those currently in

place in the US. In particular Feldstein and Altman (1998) and Feldstein (2005)

have advocated individual saving accounts to attenuate the moral hazard implicit

in unemployment insurance. The concept is that the employed worker saves a

fraction of his earnings in an individual saving account which he draws on when
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unemployed to receive the benefit payments dictated by the current US unemploy-

ment system. At retirement, any residual positive balance is transferred back to

the worker. The quantitative welfare gains of saving accounts systems have been

studied by Ferrada (2010), Setty (2010), and Pallage and Zimmermann (2010).

Our robustness exercise shows that replacement rates should decline with age also

when workers face a loose borrowing constraint. Since savings accounts are essen-

tially a means of providing greater liquidity to unemployed workers, this suggests

that welfare gains should accrue from having unemployment insurance income re-

placement rates decrease with age also in plausible implementation of the saving

account proposal. This squares with the conclusions of Setty (2010), who intro-

duced elements favoring younger workers in his proposed implementation of the

savings account system.
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APPENDIX

Section A describes the data, Section B extends the analysis of the model in

Section 2 and derives the extended redistribution formula discussed in Section

2.3, Section C discusses computational details, Section D discusses the properties

of the models in terms of earning losses upon displacement, Section E discusses

further details about the robustness section (Section 7).

A Data appendix

We describe the data from SIPP, CPS, PSID, Mathematica, and SCF used in the

paper.

A.1 The SIPP

The data from the Survey of Income and Program Participation (SIPP) is obtained

from Chetty (2008) and Johnson and Mommaerts (2011) and they are constructed

starting from the 1985, 1986, 1987, 1990, 1991, 1992, 1993, 1996, 2001, and 2004

panels of SIPP. Interviews were conducted every four months for a period of two

to four years. As in Chetty (2008), the analysis on unemployment duration uses

data that span the beginning of 1985 to the middle of 2000. The original sample

is restricted to those male workers between 18 and 65 years of age with an unem-

ployment spell, with at least three months of work history, that reported non-zero

unemployment duration, that actively search for a job, that were not temporary

layoffs and that received UI benefits in the first month of the unemployment spell,

from all states but Maine, Vermont, Iowa, North Dakota, South Dakota, Alaska,

Idaho, Montana and Wyoming since SIPP does not provide a unique identifiers

for these small states. The final sample covers 4560 unemployment spells, see the

Appendix in Chetty (2008) for further details. The analysis on wage losses span

the years 1996 to 2007, covering the 2001 recession but not the 2007-2009 reces-

sion. As in Johnson and Mommaerts (2011), we do not use earlier panels because

they lack detailed information on why respondents separate from their jobs, which

we use to separately identify quits from layoffs. The original sample is restricted

to those male white workers between 18 and 65 years of age who work full time

(at least thirty hours per week in their main job), who are displaced and who have

collected UI benefits at some point during their unemployment spell. We exclude

self-employed workers. Respondents enter the sample when first displaced from

a job at which they had been working for at least two months and they remain

in the sample until they first find a new full time job that lasts for at least one

month. To focus on displacement for exogenous reasons, we classify respondents

as displaced if they report separating from their employer because of layoff, slack
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work, employer bankruptcy, or because the employer sold the business. We in-

clude in the sample only the first unemployment spell for each worker. Below we

describe in more details the variables used in the paper.

Age This is equal to the age of workers measured in years, which corresponds to

variable TAGE in the survey.

Age specific average benefits level These are calculated exactly as in the CPS

analysis below, see Section A.2.

Average benefits This is the average benefits in each state and year provided by

the Department of Labor.

Marital status This is a dummy variable which is equal to one if the individual

is currently married. This is constructed using variable EMS which can take

the following values: 1. Married, spouse present; 2. Married, spouse absent; 3.

Widowed; 4. Divorced; 5. Separated; 6. Never married. An individual is classified

as married if he reports EMS=1 or EMS=2.

Individual UI benefits We use the imputation by Chetty (2008) who is based on

estimating a first-stage equation for earnings using OLS on the full sample of

individuals who report a job loss at some point during the sample period. He

regresses nominal log wages in the year before job loss on years of education,

age at job loss, years of tenure on the last job, a dummy for left-censoring of

this job tenure variable, industry, occupation, month, and year dummies, and the

unemployment rate in the relevant state/year. Using the coefficient estimates, he

predicts log wages for each job loser, and recover the predicted wage in levels.

He then uses the predicted wage to simulate the claimant unemployment benefit

using the UI benefit calculator by Cullen and Gruber (2000).

Earnings losses Earnings losses upon displacement are calculated as the per-

centage differences between the value of monthly labor earnings in the job before

displacement and the value of monthly earnings in the new job after reemploy-

ment.

Monthly labor earnings This is constructed using variable TPMSUM in the survey

that reports total earnings from job before deductions received in the month of

the survey.

Previous job tenure This variable is constructed using variable TSJDATE in the

survey, which reports the year/month when the current job has started.

Unemployment duration SIPP reports the employment status of individuals for

every week that they are in the sample. Weekly employment status (ES) can take

the following values: 1. With a job this week; 2. With a job, absent without pay,

no time on layoff this week; 3. With a job, absent without pay, spent time on
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layoff this week; 4. Looking for a job this week; 5. Without a job, not looking for

a job, not on layoff. A job separation is defined as a change in ES from 1 or 2 to

3, 4, or 5. As in Cullen and Gruber (2000), unemployment duration is obtained

by summing the number of consecutive weeks with ES ≥ 3, starting at the date of

job separation and stopping when the individual finds a job that lasts for at least

one month (i.e., reports a string of four consecutive ES=1 or ES =2). Individuals

are defined as being on temporary layoff if, at any point in the spell, they report

ES = 3. They are defined as searching if they report ES = 4.

Job finding probability at unemployment duration This is constructed using the

weekly employment status variable ES described above and corresponds to a tran-

sition from ES=4 to a string of four consecutive ES=1 or ES=2.

Year This is a dummy that identifies the year of the interview.

Years of education This is simply constructed using variable HIGRADE in the

survey, which reports the highest grade or year of school attended.

Worker’s wealth Asset data are generally collected only once in each panel, so pre-

unemployment asset data is available for approximately half of the observations.

Total net wealth is defined as values of stocks, bonds, savings and current accounts

plus the value of properties, business and vehicle equities net of secured and

unsecured debt. The values of assets and liabilities are constructed using answers

to several questions that report the individually reported estimate of the average

amount that husband and wife jointly hold in a specific asset or liability over the

four months period preceding the date of the interview.

Worker’s net liquid wealth is measured at the time of job loss as total wealth

minus home, business and vehicle equity net of unsecured debt (which is equal

to the amount owed by the household, excluding mortgages and vehicle loans).

The variable is again constructed using answers to several questions that report

the individually reported estimate of the average amount that husband and wife

jointly hold in a specific asset or liability over the four months period preceding

the date of the interview.

Displaced workers Wage losses upon re-employment are used as a calibration

target, see Table 4. These are calculated by focusing on a sample of displaced

workers. Displaced workers are identified using the variable ERSEND which re-

port the “Main reason why the individual stopped working for employer”. The

variable ERSEND can take the following values: 1 . On Layoff; 2. Retirement

or old age; 3. Childcare problems; 4. Other family/personal obligations; 5. Own

illness; 6. Own injury; 7. School/Training; 8. Discharged/fired; 9. Employer

bankrupt; 10. Employer sold business; 11. Job was temporary and ended; 12.

Quit to take another job; 13. Slack work or business conditions; 14. Unsatis-
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factory work arrangements (hours, pay, etc); 15. Quit for some other reason.

Individuals are classified as displaced if they stopped working for the employer

and they report ERSEND=1, 8, 9, or 10.

Hours This is constructed using the variable EJBHRS that report “How many

hours per week the worker usually works at all activities at his main job”.

Table A1 gives summary statistics for the core sample and for two different age

groups: workers of age from 20 to 40 years and from 40 to 60 years. Monetary

Table A1: Summary Statistics, SIPP sample

Variable All 20-40 years 41-60 years
Mean Annual wage 20711.27 18699.21 24665.52
Median Annual Wage 17780.48 16512.12 21745.91
Years of education 12.1 12.1 12.2
Weekly indiv UI benefits 165.72 153.30 187.87
Mean unemp. duration 20.45 18.90 22.68
Median unemp. duration 15.00 14.00 17.00
Mean liquid assets 22545.31 14897.08 34086.46
Mean net liquid assets 18583.77 11044.50 29902.03
Mean total wealth 62705.52 44955.76 90015.60
Percent with Mortgage .45 .40 .54
Quartile of net liquid assets:

Q1 -2177.89 -2231.28 -2081.14
Q2 -54.92 -63.28 -42.43
Q3 919.15 911.81 948.12
Q4 19897.43 12427.25 31077.48

Observations 4560 2873 1536

values are in 1990 dollars converted using the CPI index. The median UI benefits

recipient is a high school graduate and has pre-UI gross annual earnings of 20,711.

The group of workers with 20 to 40 years of age has 2873 observations, the group

of workers with 41 to 60 years of age has 1522 observations. Mean unemployment

duration is 20 weeks for the whole sample. Unemployment spells for workers with

more than 40 years of age are 4 weeks longer than the analogous spells for workers

with less than 40 years of age. The individually imputed UI benefit level (in 1990

dollars) is around 20% higher for the old than for the young. This difference is

explained by the fact that mean pre-unemployment wage is 30% higher for the

old. The resulting average replacement rate is therefore lower for the old workers

than for the young.

A.2 Aggregate US states data using CPS

Aggregate US states data are calculated using monthly data from the Current Pop-

ulation Survey databases freely available from Integrated Public Use Microdata

Series (IPUMS), see Ruggles et al. (2010) for description of IPUMS. Information
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(a) Micro-evidence, SIPP

Notes: Elasticity of unemployment to benefits for different age groups of workers. Estimates
are based on model (14) using SIPP data and the age-specific average measure of benefits.
Other details are as for panel (a) in Figure 1.

Figure A1: Elasticity of unemployment to benefits by age group: age-specific
average measure of UI benefits, SIPP

on labor force, employment, unemployment, and other demographic and labor

force characteristics is available in every month, while earnings data are available

in the March survey. We restrict the sample to male workers with 16 to 64 years

of age. Similar to SIPP the sample period is 1984-2000. For each state, semester

and age group we aggregate individual data using CPS provided weights. Below

we describe more in detail the variables used in the analysis.

Pre-unemployment wage: It is imputed at the individual level after running a

conventional wage regression in each state and year using the March CPS survey.

The dependent variable in the wage regression is weekly logged wages and the in-

dependent variables are a quadratic polynomial in age, four educational dummies

(for high school dropouts, high school degree, some college and complete college),

two race dummies and a marital status dummy. Using the estimated coefficients

we impute wage to every unemployed worker. Weekly wages are computed using

the variable EARNWEEK in IPUMS which reports information on “usual labor

earnings per week at the current job, before deductions”.

Age specific average benefits level We impute benefits at the individual level using

the UI benefit calculator by Cullen and Gruber (2000). As an input we use the

individual imputation for pre-unemployment wages calculated above. In three

states, the UI benefits calculator requires previous job tenure as an input. For

these states, we impute tenure using a quadratic function of age which we estimate

using the Mathematica data below. Individual benefits are then aggregated to

obtain a measure of average benefits for each age group in a given semester and

given state. Average benefits are always adjusted to guarantee equality with the
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unconditional average benefits measure in each state and year as reported by

the US Department of Labor. In all regressions, the age groups considered for

constructing the age specific average measure of benefits always coincide with the

age groups for which we calculate the age-specific elasticity of unemployment to

benefits.

Educational composition We construct five educational dummies using information

obtained from the variable EDUC in IPUMS which corresponds to answers to the

following question: “What is the highest level of school (name/you) (have/has)

completed or the highest degree (name/you) (have/has) received?”. We use this

information to construct the following five educational groups: (i) less than 5

grade; (ii) 5th grade to 12th grade without diploma; (iii) High school diploma;

(iv) some college or vocational program but no degree; (v) Bachelor’s degree or

more.

Race composition We construct a dummy variable that is one if worker is white,

as inferred from the answer to “I am going to read you a list of five race categories.

Please choose one or more races that (NAME/you) (considers yourself/consider

NAME/considers himself/considers herself) to be: White; Black or African Amer-

ican; American Indian or Alaska Native; Asian; OR Native Hawaiian or Other

Pacific Islander”. Starting from this information we calculate the proportion of

white unemployed workers in each state, period and age group.

Married dummy We construct a dummy variable that is one if worker is married, as

inferred from the answer to “(Are/Is)(name/you) now married, widowed, divorced,

separated or never married?”. We use this information to calculate the proportion

of married unemployed workers in each state, period, and age group.

Unemployment over population ratio We identify a worker as unemployed if he is

non-employed and he is actively searching for a job using the variable EMPSTAT

in IPUMS. The relevant question to assess his/her state is the following: “By (the

week before last/last week), I mean the week beginning on Sunday, (date), and

ending on Saturday, (date), did (name/you) do ANY work for (pay/either pay

or profit)? 1. Yes 2. No 3. Retired 4. Disabled 5. Unable to work. A worker

is actively searching for a job if he answers positively to the following question:

“Have you been doing anything to find work during the last 4 weeks?”.

Unemployment duration Given the current employment status of the worker (see

above), the unemployment duration of the current unemployment spell is calcu-

lated using the variable DURUNEMP in IPUMS which reports the number of

consecutive weeks for which the unemployed worker has remained jobless. The

reported number is capped at 98 weeks. For each age group, the average unem-

ployment duration in Section 4.3 is calculated over the sample period 1990-2010
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using a sample of male workers unemployed at the time of the survey, and with

positive unemployment duration. The average is weighted using CPS provided

weights.

Wage profile The life cycle profile of wages is used as calibration targets, see

Table 4 and Figure 4. These profiles are calculated using CPS data over the

period 1990 to 2010. We use a sample of male workers with 20 to 64 years of

age, who are employed and have received positive labor income in the week of the

interview. We regress the log of “usual labor earnings per week at the current

job, before deductions” (variable EARNWEEK) deflated using the CPI index and

divided by hours worked in the previous week, on a full set of yearly age dummies

and on dummies for four educational groups (high school dropouts, completed

high school, some college and college degree or more), marital status (equal to

one if married), race (equal to one if white), being US native and for state and

year. Observations are weighted using the personal weight provided by CPS. We

exponentiate the estimated dummy coefficients for age to calculate relative wages

by age. To construct the educational dummies we again use the variable EDUC.

Hours worked in previous week are calculated using variable HRSWORK.
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(a) CPS results with one lag IV
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(b) CPS results with three lags IV

Notes: Estimates of βn in (15) when benefits are instrumented with its own lagged value.
Panel (a) uses one lag as IV, Panel (b) three lags. Other details are as in Figure 1.

Figure A2: Elasticity of unemployment to benefits by age, CPS results with IV

A.3 The PSID

The Panel Study of Income Dynamics (PSID) started in 1968 collecting informa-

tion on a sample of roughly 5,000 households. Of these, about 3,000 were repre-

sentative of the US population as a whole (the core sample), and about 2,000 were

low-income families (the Census Bureau’s Survey of Economic Opportunities, or

SEO sample). We use the core and SEO samples in our analysis, dropping the
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Latino and Immigrant samples. Our sample focuses on male individuals with 21

to 65 years of age who at least at some point over the sample period 1978-1992

were heads of household.

Age To minimize measurement error we construct the variable age by using infor-

mation on year of birth from the individual files and define age as the difference

between the survey year and year of birth. For those heads with no information

on year of birth, we utilize the first record on self-reported age available in the

survey and then construct a consistent age series.

Education Up to 1991 (1990 data) the relevant question was coded according to: 1

if 0-5 grades completed, 2 for 6-8 grades, 3 for 9-11 finished grades, 4 for 12 grades

(high school), 5 for 12 grades plus non-academic training, 6 for college dropout, 7

for college degree with no advanced degree, 8 for college and advanced degree and 9

to not available. Starting from 1992, the education variable corresponds to actual

grade of school completed with figures in the 0-16 range. The education variable is

recoded so as to belong to one of three following categories: high school graduate,

college dropout, and bachelor degree or college and advanced/professional degree.

Employment (unemployment) status dummies The employment status is inferred

using the question “Are you (head) working now, looking for work, retired, keeping

house, a student or what?”. The household head is unemployed if at the interview

date he is without a job and is actively looking for work.

Family size and Number of kids They are constructed using answers to: “Is some-

one other than this year’s head/wife included in the family unit? [Which is his/her]

relationship to head?”.

Food consumption Food consumption is reported directly from PSID. Food con-

sumption is the average weekly expenditures on food at home per capita in the

household. Since interviews are usually conducted around March, it has been ar-

gued that people report their food expenditure for an average week around that

period, rather than for the previous calendar year as is the case for family income.

For robustness exercises we used both food consumption at home and out of home

which is constructed using answers to the questions: “Did you (or anyone in your

family) receive government food-stamps last month? In addition to what you

bought with foodstamps, did you (or anyone in your family) spend any money on

food that you use at home? How much? Do you have any food delivered to your

door which is not included in that? About how much do you (or anyone else in

your family) spend eating out, not counting meals at work or at school?”. We

drop food consumption data that belong to either the bottom or the top percentile

of the distribution of food expenditures per capita in the household.

Total consumption expenditures in non durables goods This is the imputation by
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Hryshko, Luengo-Prado and Sorensen (2010) for total consumption expenditures

in non durable goods using CEX data, which extend the sample selection criteria

by Blundell, Pistaferri and Preston (2008).31 Relative to Blundell, Pistaferri and

Preston (2008), the imputation by Hryshko, Luengo-Prado and Sorensen (2010)

uses data on regional price indexes rather than US city averages, disregards in-

formation on prices of transportation and alcohol, it drops the numbers of kids

as independent regressor, it adds dummy variables to account for marital status.

The table below reproduced from Hryshko, Luengo-Prado and Sorensen (2010)

reports the variables and the coefficients used in their imputation. The defini-

tion of nondurable consumption is the same as in Attanasio and Weber (1995):

it is the sum of food (defined above), alcohol, tobacco, and expenditure on other

nondurable goods, such as services, heating fuel, public and private transport

(including gasoline), personal care, and semidurables, defined as clothing and

footwear. This definition excludes expenditure on various durables, housing (fur-

niture, appliances, etc.), health, and education. It corresponds to the average

weekly expenditures at home per capita in the household. We drop data on total

consumption expenditures in non durables when the imputation is based on food

consumption data that belong to either the bottom or the top percentile of the

distribution of food expenditures per capita in the household.

Race It is the recoding of the answer to “And, are you white, black, American

Indian, Aleut, Eskimo, Asian, Pacific Islander, or another race?” so as to get three

groups: white, black and other.

Region This variable can take four values corresponding to the four regions North-

east, Midwest, South and West where the household head resides.

Wages They are constructed using information on labor income and yearly hours.

Labor income corresponds to total annual labor income from all jobs. Self-

employed income is split between labor and capital income. In this case only

the labor part is added. Yearly hours correspond to total annual hours worked

for money, from family files. It refers to all possible jobs of the worker. Hourly

wage are then obtained by dividing labor income by yearly hours. Observations

where the resulting hourly wage falls below half of the minimum wage in the cor-

responding year are dropped. Wages are expressed in 1982-84 dollars by using the

CPI price index.

Time dummies These are dummies for the year of the survey.

31Hryshko, Luengo-Prado and Sorensen (2010) also expand the sample period to 2002, but
our sample is 1978-1992 as in Blundell, Pistaferri and Preston (2008).
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Table A2: IV Regression of Food on Nondurable Expenditures, CEX: 1980-2002

Log nondurable cons. 0.730*** Log nondurable cons. x HS 0.023
(15.84) (1.03)

Log nondurable cons. x 1980 0.122*** Log nondurable cons. x coll. 0.089***
(9.45) (3.72)

Log nondurable cons. x 1981 0.103*** Log regional food CPI 0.643***
(9.09) (3.88)

Log nondurable cons. x 1982 0.094*** Log regional fuel-util. CPI -0.113***
(8.87) (-2.75)

Log nondurable cons. x 1983 0.089*** White 0.047***
(8.78) (6.91)

Log nondurable cons. x 1984 0.083*** Family size 0.055***
(8.77) (17.34)

Log nondurable cons. x 1985 0.081*** High school -0.252
(8.97) (-1.22)

Log nondurable cons. x 1986 0.076*** College -0.924***
(8.95) (-4.10)

Log nondurable cons. x 1987 0.070*** Male head 0.082***
(9.03) (15.41)

Log nondurable cons. x 1988 0.067*** Married -0.030**
(9.55) (-2.42)

Log nondurable cons. x 1989 0.061*** Age 0.012***
(10.07) (4.49)

Log nondurable cons. x 1990 0.051*** Age sq./100 -0.011***
(10.05) (-4.13)

Log nondurable cons. x 1991 0.043*** Born 1924-1932 -0.017*
(9.51) (-1.67)

Log nondurable cons. x 1992 0.041*** Born 1933-1941 -0.012
(9.56) (-0.90)

Log nondurable cons. x 1993 0.038*** Born 1942-1950 -0.004
(9.52) (-0.24)

Log nondurable cons. x 1994 0.034*** Born 1951-1959 0.001
(9.64) (0.06)

Log nondurable cons. x 1995 0.030*** Born 1960-1968 0.019
(9.51) (0.80)

Log nondurable cons. x 1996 0.023*** Born 1969-1978 0.029
(8.92) (1.02)

Log nondurable cons. x 1997 0.020*** Northeast -0.013**
(9.47) (-2.33)

Log nondurable cons. x 1998 0.017*** Midwest -0.061***
(9.64) (-11.48)

Log nondurable cons. x 1999 0.013*** South -0.037***
(8.57) (-7.06)

Log nondurable cons. x 2000 0.011*** Constant 0.085
(9.59) (0.24)

Log nondurable cons. x 2001 0.006*** Adj. R sq. 0.721
(7.58)

N 40,630 F 1264.1

Notes: t-statistics in parentheses. Instruments for log nondurable consumption (and its
interaction with year and education dummies) are the averages of log head’s wages specific
to cohort, education, and head’s sex in a given year (and their interactions with year
and education dummies). ∗∗∗ significant at the 1% level, ∗∗ significant at the 5% level, ∗

significant at the 10% level.
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A.4 Mathematica data

Mathematica conducted two surveys on behalf of the Department of Labor: (i) the

Pennsylvania Reemployment Bonus Demonstration, a sample of 5,678 job losers

in Pennsylvania in 1991; (ii) the Study of Unemployment Insurance Exhaustees, a

sample of 3,907 workers covered by UI benefits in 1998 in 25 states of the US. The

datasets are publicly available through the Upjohn Institute. The information in

the two datasets is similar. They contain information on prior wages, weeks of UI

paid, as well as demographic characteristics, household income, job characteristics

(tenure, occupation, industry), and receipt of severance pay. Since Pennsylvania is

not included in the Exhaustees study, there is only one year of data for each state

in the sample. We use the sub-sample of the two data sets provided by Chetty

(2008), who focuses on prime-age unemployed male workers and make exclusions

analogous to those applied to SIPP. In particular all observations with missing

data on severance payments, years of job tenure, reported survey durations, or

variables used to predict net liquid wealth are excluded. We also exclude tem-

porary layoffs (individuals who expected a recall). The final sample comprises

2441 spells, 18% of them for workers who have received some severance payment.

Below we describe more in details the variables used in the analysis:

Unemployment duration The unemployment duration is computed as the differ-

ence in weeks between the date when worker finds the job and the date when

the worker lost his job, as inferred from the answers to the following questions:

“What was the last date that you worked on that job before you applied for

unemployment insurance benefits on (claims date)?”.

Severance pay This is a dichotomic variable that equals one if the worker has

received a severance pay from the employer at the time of job displacement, ac-

cording to the answer to the question “When that job ended, did you receive

severance pay, a buyout or some other payment?”.

Tenure spline This is spline in the number of years spent working at the firm

where the worker was laid off, as inferred from the answers to “Now, I’d like to

ask you about the job you had just before you filed for unemployment benefits:

When did you first start working for that employer?”; and “what was the last

date that you worked on that job before you applied for unemployment insurance

benefits?”.

Wage spline A spline of log wages in the pre-unemployment job. Wages are calcu-

lated using the question “How much did you usually make, before taxes and other

deductions, per week when that job ended? Please include tips, commissions, and

regular overtime”.

Unemployment benefits The log of the weekly UI benefit as reported in the Math-
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ematica data. This information comes directly from the administrative data.

Educational dummies A series of dichotomic variables for dropout and college

graduate workers, as inferred from the answer to the question “What is the highest

diploma or degree you have received?”.

A.5 SCF

The Survey of Consumer Finances is a triennial statistical survey of the balance

sheet, pension, income and other demographic characteristics of families in the

United States. Data are collected by the National Opinion Research Center at

the University of Chicago under the sponsorship of the Federal Reserve Board.

The SCF is intended to provide accurate descriptions of the current financial situ-

ations of US households, the data are primarily cross-section in nature, although

some panel data have also been collected in recent years. Here we use the 2007

cross-section available at http://www.federalreserve.gov/econresdata/scf/. Since

a large share of wealth is held by a relatively small share of the population, the

SCF uses a dual sample frame, with a standard representative sample supple-

mented by a special sample of high-income taxpayers (see below). To calculate

statistics we use use sample weights as provided by SCF and we include all im-

plicates. Our sample consists of household heads of 20 to 65 years of age who

have been employed at least at some point of their life. The survey collects very

detailed information on assets and liabilities, and the composition of household

wealth which we use to construct the variable Household’s net worth following the

criteria detailed in Figure A3.

Household’s average quarterly income in previous calendar year. It includes wages,

self-employment and business income, taxable and tax-exempt interest, dividends,

realized capital gains, food stamps and other support programs provided by the

government, pension income and withdrawals from retirement accounts, Social

Security income, alimony and other support payments, and miscellaneous sources

of income.” In calculating averages we drop households whose income is greater

than 5 millions, which represents less than 1% of the households in the survey. The

resulting average is divided by four to obtain a measure of households’ quarterly

income.
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Definition of SCF Bulletin Asset and Debt Categories in Calculation of Net Worth*

*Names in brackets refer to variables in the SCF Bulletin extract data.  Categories in italics are not included in those data.
For precise variable definitions, please see the documentation and programs on the SCF website.

All types of transaction account (liquid assets) 
[LIQ]

Savings accounts [SAVING]

Money mkt deposit 
accounts [MMDA]

Money market accounts [MMA]
Money mkt pooled 
investment funds 
[MMMF]Checking accounts (excl. money mkt) [CHECKING]

Call accounts [CALL]
Certificates of deposit [CDS]

Stock mutual funds [STMUTF]

Tax-free bond mutual funds [TFBMUTF]
Directly held pooled investment funds (exc. 
money mkt funds) [NMMF]

Govt. bond mutual funds [GBMUTF]

Other managed assets [OTHMA]
Trusts [TRUSTS]

Total financial 
assets [FIN]

Tax-exempt bonds [NOTXBND]

Mortgage-backed bonds [MRTBND]
Directly held bonds (excl. bond funds or savings 
bonds) [BOND]

US govt & govt agency bonds & bills [GOVTBND]

Directly held stocks [STOCKS]

Future pensions [FUTPEN]
Other misc. financial assets [OTHFIN]

Currently received account-type pensions 
[CURRPEN]

Other bond mutual funds [OBMUTF]
Savings bonds [SAVBND]

Combination and other mutual funds [COMUTF]

Other mutual funds [OMUTF]

Corporate and foreign bonds [OBND]
Cash value of whole life insurance [CASHLI]

Annuities [ANNUIT]

Individual retirement accounts/Keoghs [IRAKH]

Total net worth 
[NETWORTH]

Net equity in non-residential real estate 
[NRESRE]

Total assets 
[ASSET]

Quasi-liquid retirement accounts [RETQLIQ]

Vehicles (incl. RVs, planes, boats, etc.) [VEHIC]

Primary residence [HOUSES]

Total 
nonfinancial 

assets [NFIN]

Residential property excl. primary resid. (e.g., 
vacation homes) [ORESRE]

Account-type pensions on current job [THRIFT]

Businesses (with either an active or nonactive 
interest) [BUS]

Other misc. nonfinancial assets [OTHNFIN]

Mortgages & home equity loans secured by primary 
residence [NH_MORT]

Debt secured by prim. resid. (mortgages, home 
equity loans, HELOCs) [MRTHEL]

Home equity lines of credit secured by primary 
residence [HELOC]Debt secured by other residential property 

[RESDBT]

Other debt (e.g., loans against pensions or life 
insur., margin loans) [ODEBT] Other installment loans [OTH_INST]

Total debt 
[DEBT]

Other lines of credit (not secured by resid. real 
estate) [OTHLOC]

Credit card balances after last payment [CCBAL] Education loans [EDN_INST]

Installment loans [INSTALL] Vehicle  loans [VEH_INST]

Notes: Names in brackets refer to variables in the SCF Bulletin extract data.

Figure A3: Calculation of Net Worth in SCF
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B Derivation of %̃n in the model of Section 2

In this Appendix we extend the model of Section 2 in three dimensions:

1. We allow for the possibility that young workers in period one could save.

2. We assume that the benefit levels set by the government can affect the

present value of the tax revenue available for the UI programm. This is

a natural equilibrium outcome when, as in the quantitative analysis, the

UI program is financed through labor income taxes since benefits affect tax

revenue through their effects on employment as well as on workers’ human

capital (which is accumulated on the job and/or lost upon unemployment).

As a result the government budget constraint is as follows:

T (by, bo) ≥ βyµyby + βoµobo. (27)

3. We recognize that the optimal choice of benefits might be subject to some

feasibility constraints, that impose that benefits can not fall below a min-

imum level b̄n so that the constraint in (10) has to be satisfied. In the

quantitative analysis of Section 4 this minimum level is set to zero, so that

b̄n = 0.

B.1 Notation

Since young workers can save, outcomes when young affect workers decisions when

old. Generally worker’s choices are now contingent on the entire worker’s history

at the time when choices are made. In particular, this means that workers choose

assets in periods i = 2, 3, 4 contingent on whether in period 2 the worker was

unemployed , j = u, or employed, j = e. Similarly assets decisions in period

i = 5, 6 are contingent on workers employment state, j = u,e in period 2 as well on

worker’s employment state z = u,e in period 5. Let aji denote asset level in period

i = 3, 4, 5, which is chosen in period i− 1 conditional on period two employment

state j = u,e. Similarly let ajzi denote asset level in period i = 6, which is chosen

in period five, conditional on period two employment state j = u,e and period five

employment state z = u,e. Clearly since all workers are initially identical, assets

levels in period two, a2, are the same for all workers. We can then denote by ai,

i = 3, 4, 5, 6 the vector of history dependent choice at i − 1 for next period asset

values, so that ai = (aui , a
e
i ),∀i = 3, 4, 5, while a6 = (auu6 , aue6 , a

eu
6 , a

ee
6 )With a

slight abuse of notation we can also collect into a single vector all choices for next

period assets a = (a2, a3, a4, a5, a6). By applying the same logic to the choices for

the unemployment probabilities in period two and five, we have that all workers

choose the same unemployment probability µy in period two, while the choice
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for the unemployment probability in period five is µjo, which is contingent on

employment state in period 2, j =u,e. We can then define by µ = (µy, µ
u
o , µ

e
o)the

vector of choices of within-period unemployment probabilities. Let pj(µy) denote

the probability of being in state j = u,e in period 2 and by pjz(µ), the probability

of being in state j = u,e in period 2 and in state z = u,e in period 5. Clearly we

have pu(µy) = µy and pe(µy) = 1 − µy, which allow to express pjz(µ) as equal to

pjz(µ) = pj(µy)p
z(µjo).This makes explicit that the choice for the unemployment

probability in period 5 is conditioned on the employment state in period two.

Since wage income is deterministic in age, consumption when employed in any

period i = 1, 2, 3, 4, 5, 6 can be expressed as function of current period assets and

next period assets so that cei (ai, ai+1) = wi + ai
β
− ai+1where w4 = w5 = w6 = w.

In period 2 and 5, the worker could be unemployed and his consumption is given

by cu2(a2, a3) = by + a2

β
− a3, and cu5(a5, a6) = bo + a5

β
− a6,respectively.

B.2 Worker’s problem

The utility at birth of workers is equal to the sum of the discounted utilities

obtained by the worker in the first two periods of his life V f , i = 1, 2, in the

second two periods V s, i = 3, 4, and the last two periods V l, i = 5, 6, which are

given by

V f (µy, a2, a3) = u(w1 − a2) + β


ψ(µy) +

∑

j=u,e

pj(µy)u(cj2(aj2, a
j
3))


 ,

V s(µy, a3, a4, a5) = β2
∑

j=u,e

pj(µy)
[
u(ce3(aj3, a

j
4)) + βu(ce4(aj4, a

j
5))
]

V l(µ, a5, a6) = β4
∑

j=u,e

∑

z=u,e

pjz(µ)
[
ψ(µjo) + u(cz5(aj5, a

jz
6 )) + βu(ce6(ajz6 ))

]

The utility at birth of workers can then be expressed as equal to

U(by, b0) = max
µ,a≥0,

{
V f (µy, a2, a3) + V s(µy, a3, a4, a5) + V l(µ, a5, a6)

}
(28)

which fully characterizes the worker’s problem.

B.3 Government’s problem

The government chooses by and bo to maximize worker’s utility at birth in (28).

In solving the problem the government takes into account that worker’s unemploy-

ment probabilities are given by µ = arg max
{

maxa≥0

[
V f (µy, a2, a3) + V s(µy, a3, a3, a5) + V l(µ, a5, a6)

]}
which

defines µ as a function of by and bo, so we have µy = µy(by, b0), µuo = µuo(by, b0),

and µeo = µeo(by, b0), which allow to define the unemployment level in period five as

equal to µo(by, b0) = µy(by, b0)µuo(by, b0)+[1− µy(by, b0)]µeo(by, b0).The Lagrangian
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of the government problem can then be written as

L(by, bo, λ, ωy, ωo) = U(by, bo) + λ [T (by, bo)− βyµy(by, bo)by − βoµo(by, b0)bo](29)

+βyωy
(
by − b̄y

)
+ βoωo

(
bo − b̄0

)
(30)

which incorporates both the government budget constraint in (27) and the positive

benefits constraint in (10). The constraint imposed by workers’ choices for search

effort are embodied in the construction of the functions µy(by, b0), µuo(by, b0), and

µeo(by, b0). After using the general envelope theorem, we obtain that it is optimal

to increase bn if

βnµnE [u′ (cun)] + βnωn > λβnµn + λ
∑

i=y,o

βi
∂µi
∂bn

bi − λ
∂T

∂bn
(31)

where E [u′ (cun)] denotes the expected marginal utility of consumption of an un-

employed worker of age n = y, o (period 2 or 5) which for n = y is simply equal

to E[u′ (cuy)] = u′ (cu2(a2, a
u
3))since all unemployed young workers share the same

history and consume the same. But for n = o, the expected marginal utility of con-

sumption of an unemployed worker is equal to E[u′ (cuo)] =
µuou

′(cu5 (au5 ,a
uu
6 ))+µeou

′(cu5 (ae5,a
eu
6 ))

µyµuo+(1−µy)µeo
.which

recognizes that the consumption level of unemployed old workers depends on their

employment status in period two, which could affect their asset position in period

five. In the expression (31) the second term in the left hand side and the last two

terms in the right hand side of the inequality are novel relative to the first order

condition (7) obtained in the simplified version of the model. By rearranging, we

obtain that (31) is equivalent to

%̃n ≡
E [u′ (cun)] + ωn

µn

1 + η̃n − ∂T
∂bn
· 1
βnµn

> λ (32)

where

η̃n ≡
∑

i=y,o

∂µi
∂bn
· βibi
βnµn

(33)

is the modified elasticity of age-group j unemployment to benefits as in (12).

Equation (32) corresponds to the expression for %̃n in (11). Generally there are

welfare gains from increasing transfers to young unemployed workers at the ex-

pense of the old whenever

%̃y > %̃o. (34)

This is the logic behind our modified redistribution formula %̃.

B.4 Back to the simple formula

Notice that when a2 = a3 = a4 = 0, we also have that au5 = ae5 and auz6 = aez6
∀z =u, e which means that assets choices are independent of the employment state
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of workers in period two. In this case the employment choices of old workers be-

come independent on the past history of workers µuo = µeo, and the cross elasticity

in (33) coincides with the simple elasticity studied in the main text. The simple

formula of the main text is obtained when we also have ωn = 0, ∀n = y, 0 and the

tax revenue allocated to the UI programm is independent of the UI benefits set

by the government, so that ∂T
∂bn

= 0 ∀n = y, o.
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C Computational details

Here we discuss first how we solve the quantitative model of Section 4. Then

we discuss how we calculate derivatives and redistribution formulas. Finally we

turn to computational details about solving the optimal unemployment insurance

programm when search effort is observable.

C.1 Solving the baseline economy

We discretize the state space of value functions. For points within the grid we

interpolate using quadratic methods. The value functions for different n are

constructed by backward induction, starting from n = n̄w and then back until

n = 1. In solving the model we impose (24) by using a recursive formulation. Let

Cr = 1−βn̄r
1−β π,denote the present value of the cost to the government of providing

retirement pensions to a worker who has just retired. Let Ce (n, e, a) denote the

cost to the government of providing the transfers net of taxes dictated by the

government policy to an employed worker of age n, human capital e and with

assets a. Similarly let Cu (n, e, a) and C∗ (n, e, a) denote the analogous cost to

the government when providing transfers to an unemployed worker with no hu-

man capital loss, and to an unemployed worker who, at some time during the

unemployment spell, has experienced a loss in human capital, respectively. In cal-

culating these cost functions the choice of workers for next period assets a′ and the

unemployment probability µ are taken as given. This is why all the state variables

of the worker’s problem enter the definition of the government cost function. Let

ae (n, e, a) , au (n, e, a) and a∗ (n, e, a) denote the level of next period assets chosen,

as function of age n, human capital e and current assets a, by a worker who is

currently employed, unemployed with no loss of human capital and unemployed

with human capital loss, respectively. Similarly let µu (n, e, a) and µ∗ (n, e, a)

denote the within-period unemployment probability chosen, as a function of state

variables, by a worker who is unemployed with no loss of human capital and unem-

ployed with human capital loss, respectively. Notice that for unemployed workers

e refers to worker’s human capital at displacement. These policy functions allow

us to define explicitly the form of the government cost functions. The cost to the

government of providing the transfers net of taxes dictated by the government

policy to an employed worker of age n, human capital e and with assets a satisfies

Ce (n, e, a) = −τnw (e) + β (1− δn)Ce (n+ 1, e+ 1, ae (n, e, a))

+βδnµ
u (n+ 1, e+ 1, ae (n, e, a))Cu (n+ 1, e+ 1, ae (n, e, a))

+βδn [1− µu (n+ 1, e+ 1, ae (n, e, a))]Ce (n+ 1, e+ 1, ae (n, e, a))
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The analogous cost when providing transfers to an unemployed worker collecting

UI benefits with no human capital loss satisfies

Cu (n, e, a) = ρnw (e) + β (1− γ)µu (n+ 1, e, au (n, e, a))Cu (n+ 1, e, au (n, e, a))

+β (1− γ) [1− µu (n+ 1, e, au (n, e, a))]Ce (n+ 1, e, au (n, e, a))

+βγµ∗ (n+ 1, e, au (n, e, a))C∗ (n+ 1, e, au (n, e, a))

+βγ [1− µ∗ (n+ 1, e, au (n, e, a))]Ce (n+ 1, κ(n+ 1, e), au (n, e, a))

Finally the cost of the transfers to an unemployed worker collecting UI benefits

who, at some time during the unemployment spell, has experienced a loss in

human capital is equal to

C∗ (n, e, a) = ρnw (e) + βµ∗ (n+ 1, e, a∗ (n, e, a))C∗ (n+ 1, e, a∗ (n, e, a))

+β [1− µ∗ (n+ 1, e, a∗ (n, e, a))]Ce (n+ 1, κ(n+ 1, e), a∗ (n, e, a))

where these expressions are defined for n ≤ n̄w with the convention that Ce(n̄w +

1, e, a) = Cu(n̄w + 1, e, a) = C∗(n̄w + 1, e, a) = CrAt birth, n = 1, workers have

to search for a job, they have no experience and no assets so imposing (24) is

equivalent to imposing the requirement that Cu(1, 0, 0) = 0.

C.2 Calibration of the functions ψ(µ)

The second derivative of the function ψ has to be negative ψ′′ ≤ 0 and it plays a

key role in determining the value of the elasticity of unemployment with respect

to benefits. So we decided to model its profile directly and to impose explicitly

the constraint that the second derivative is always negative, ψ′′ ≤ 0. To achieve

this the function ψ(µ) is parameterized in terms of six values. The value of the

second derivative of ψ at µ = 0, the analogous value at µ = 1 and its maximum

value (minimum absolute value) which is reached at an endogenously determined

µ∗. All these values are constrained to be negative. In addition, the function ψ(µ)

is characterized by its value at µ = 1 and the the value of its first derivative at

µ = 1. To sum-up the function ψ is fully characterized by the following six values:

ψ(1), ψ′(1) ≥ 0, ψ′′(1) ≤ 0, ψ′′(0) ≤ 0, ψ′′(µ∗) ≤ 0 and finally by the value for µ∗

at which ψ′′ reaches its maximum. The profile of the second derivatives of ψ′′ is

a linear spline through the knots at ψ′′(1) ≤ 0, ψ′′(0) ≤ 0, and ψ′′(µ∗) ≤ 0. We

impose the constraint that ψ′′ can never be greater than ψ′′(µ∗). By integrating the

profile of second derivatives and given an initial condition for the first derivative—

which is provided by the value of ψ′(1) ≥ 0—we obtain a characterization of the

entire profile of ψ′. Given the profile of ψ′ and an initial condition for ψ at µ = 1,

we finally obtain the entire profile of the function ψ, which is plotted in the main

text. It is easy to check that the resulting ψ function is perfectly approximated
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by a cubic spline evaluated at five different values where the intermediate knot µ∗

is endogenously determined.

C.3 Variables definition

We discuss the construction of some variables in the model.

Mass of workers collecting UI benefits As discussed in the text, the fraction

of workers of age n who are collecting UI benefits is equal to

µn =
∫

R+
χu (n, de) (35)

Mass of workers searching for a job Let χs (n, e) denote the measure of

workers of age n who are searching for a job and who were displaced with human

capital e. Given χe (n, e) and χu(n, e) we have that χs(n, e) = χu(n − 1, e) +

δn−1χ
e (n− 1, e− 1) The right had side is the sum of two terms that measure the

two inflows into the pool of searchers of age n. The first term measures the mass

of workers of age n−1 who have collected benefits in a period and who will search

for a job in the next period when they are one year older. The second term takes

into account that the pool of workers searching for a job is also augmented by the

fraction δn−1 of the workers of age n−1 and human capital e−1 who are currently

employed and lose their job. These workers will have to search for a new job in

the next period when they have age n and human capital e. The mass of workers

of age n searching for a job can then be defined as equal to σn =
∫
R+ χs (n, de) .

whose interpretation is analogous to that in (35).

Job finding rate The job finding rate of workers of age n is denoted by fn and

it is simply equal to the ratio between the mass of workers of age n who find a

job in a period and the pool of searchers of age n in that period:

fn =
σn − µn
σn

. (36)

Unemployment rate In standard surveys workers are classified as unemployed

if, at the interview date, workers are without a job and they are actively searching

for a job. In terms of our model, this number is different depending on whether

the interview were to be performed at the beginning of, during or at the end of the

model period, which corresponds to one quarter in our calibration. To account for

this problem we assume that the unemployment rate of workers of age n is equal

to un = 0.5σn + 0.5µn. This expression can be justified by assuming that workers

interviews occur randomly over the period and that workers find jobs at a constant

uniform linear probability in the period. Let fn denote the model probability of
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finding a job in a period for a given age group n. Assume that the probability of

finding a job in the first ith fraction of the period is ifn where i ∈ [0, 1].32 Then

the probability that a worker of age n is classified as unemployed in the period is

equal to 1-
∫ 1
0 ifndi = 1− 0.5fn Given these considerations we can then define the

unemployment of workers of age n as equal to un = (1− 0.5fn)σn = 0.5σn+0.5µn

where the last equality uses the definition of the age specific job finding rate in

(36).

Unemployment duration One period in the model corresponds to one quar-

ter. Unemployment duration in the CPS data is measured in weeks. To convert

the unemployment duration of the model into weeks we proceed as follows. Let fn

denote the probability of finding a job in a period for a given age group n. Remem-

ber that one period in the model correspond to one quarter. Now assume that the

quarter is divided into 13 weeks and that workers are randomly interviewed in any

of these 13 weeks to infer the duration of their current unemployment spell. Also

assume that the probability that a worker finds a job in any week of the quarter

is

f̄n = 1− (1− fn)
1
13

This guarantees that the probability of remaining unemployed in all the 13 consec-

utive weeks of the quarter is
(
1− f̄n

)13
= 1− fn. Then, if workers have an unem-

ployment duration in the model equal to j = 0, 1, 2, 3.., their unemployment dura-

tion in weeks is calculated as equal to I+13j where I=
∑12
i=1 i

(
1− f̄n

)i
∑12

i=0(1−f̄n)
i
,

which measures the average duration in weeks of workers who have been just dis-

placed from their previous job and start searching for a new one in the current

model period. After remembering that
∑T
i=0

(
1− f̄n

)i
=

1−(1−f̄n)
T+1

f̄n
and that

∑T
i=1 i

(
1− f̄n

)i−1
=

1−(1+f̄nT)(1−f̄n)
T

(f̄n)
2 we can express I as equal to

I =

(
1− f̄n

)
−
(
1 + 12× f̄n

) (
1− f̄n

)13

f̄n − f̄n
(
1− f̄n

)13

This is the expression for I used in the computer code.

C.4 Age profiles of separation rates and wage losses upon
re-employment in baseline calibration

Figure A4 plots the age profiles in the baseline calibration of separation rates, δn,

panel (a) and wage losses upon re-employment κn − 1, panel (b).

32Notice that the probability ifn can also be justified by taking a Taylor expansion, around
fn = 0, of the expression for the geometric probability of finding a job before i, which is equal
to 1− (1− fn)

i
.
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Figure A4: Some functions in the baseline calibration of laboratory economy

C.5 Calculating elasticities and redistribution formulas in
the quantitative analysis

Let ρ = {ρ1, ..., ρnw} denote the vector containing the entire age profile of UI re-

placement rates in a baseline economy. To calculate elasticities and redistribution

formulas at age n of the corresponding baseline economy, we consider changes

in replacement rates at p consecutive quarters starting from age n. For every n

we then consider two economies one with lower and one with higher replacement

rates at age n, ρin = {ρ1, ..., ρn−1, ϑ
i
n, ϑ

i
n+1, ..., ϑ

i
n+p−1, ρn+p, .., ρnw}, i = l, h where

ϑln+j = ρn+j− ε
2

and ϑhn+j = ρn+j+ ε
2
, ∀j = 0, 1, ...p−1. In the paper we work with

ε = 0.02 and p = 4, which corresponds to a change in benefits for an age group of

one year. We consider one year changes in benefits both to increase sample size

and to reduce the likelihood that the change in policy affects workers’ search effort

decisions though effects on unemployment duration dependence in benefits, which

is an issue somewhat unrelated to age-dependent policies. To avoid this problem

we could have indexed the level of replacement rates, rather than to current age,

to the age at which the worker is displaced. But this specification would require

having an additional state variable in the worker problem, which would involve

additional computational costs. We checked that results are little affected when

choosing p = 3 or p = 5 rather than p = 4.

C.5.1 Calculating ηn

Given the policy change for age group n the elasticity of unemployment is calcu-

lated as equal to

ηn =

p−1∑
i=0

dµn+iρn+i

ε
p−1∑
i=0

µ0
n+i

, (37)
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In the expression µ0
n+i denotes the measure of workers of age n+i who are collecting

UI benefits before the policy change while dµn+i denotes the difference between

the level of workers of age n + i who are collecting UI benefits in the economy

with high benefits ρhn and the analogous level in the economy with low benefits

ρln. Notice that for completeness dµn+i should be indexed to the policy change

considered. Yet to simplify notation we did not make this dependence explicit.

Conceptually in the expression (37), the exogenous change in benefits is equal to

dbn = w0
ndρn = w0

nε, where w0
n denotes the average wage at displacement of the

workers of age n who are collecting UI benefits before the policy change. When

p = 1, (37) reads as ηn = dµnρn
εµ0
n

which is simply the elasticity of unemployment

with respect to replacement rates. So in calculating the unemployment elasticity,

the denominator includes just the really exogenous component of the change in

government expenditures for the UI programm, omitting any induced effect due

to either changes in unemployment or in workers’ human capital. Notice that

(37) takes into account that benefits are changed for p consecutive quarters. The

expression in (37) can be interpreted as a simple weighted average of the relevant

unemployment elasticities with respect to UI replacement rates evaluated at n

up to n + p − 1, with weights equal to the relative unemployment of the age

group,
µ0
n+i

p−1∑
i=0

µ0
n+i

. Finally notice that for the purpose of calculating unemployment

elasticities unemployment is defined as the mass of workers who are collecting UI

benefits, which is consistent with the empirical analysis.

C.5.2 Calculating %̃n

Consider the model in Section B and let D(by, bo) =
∑
i=y,o βiµi(by, bo)bi −

T (by, bo)denote the government budget deficit, where T denotes the expected

present value of the tax revenue collected by the government to finance the UI

program. Notice that the denominator of the modified formula in (11) is equal

to the ratio of the derivative of the government budget deficit with respect to

the age specific level of benefits and the level of the group specific unemployment

rate—i.e. it is equal to ∂D
∂bn
· 1
µn

. When bn marginal increases, the budget deficit

increases because of i) the increase in the transfers received by the already un-

employed workers targeted by the policy change (equal to µn), ii) the increase in

transfers due to the increase in unemployment of all different age groups (which is

measured by the term
∑
i=y,0

∂µi
∂bn
βibi), and iii) the reduction in tax revenue (which

is measured by the term − dT
dbj

). This leads to an alternative expression for %̃n (11)

as equal to

%̃n =
E [u′ (cun)] + ωn

µn
1

βnµn
· ∂D
∂bn

(38)
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This is the expression we use to calculate %̃n in the quantitative analysis of Section

4 where the government deficit is defined as equal to

D(ρ) =
n̄w∑

n=1

βn
∫

R+
ρnw (e)χu (n, de)+

n̄r∑

n=n̄w+1

βnπχr(n)−
n̄w∑

n=1

βn
∫

R+
τnw (e)χe (n, de)

(39)

The feasibility constraint in the quantitative analysis is ρn ≥ 0. To calculate

ωn we notice that, if the constraint in (10) is not binding for age group n, we

have that ωn = 0, while, if the constraint is binding, ωn can be calculated by

measuring by how much welfare would fall if we were to increase the value of

the constraint b̄n. If we denote by W the expected welfare of workers at birth

under a given choice of ρ, we should have that dW
db̄n=−βnωnwhich is zero when

the constraint is not binding. Notice that the present value Lagrange multiplier

of the feasibility constraint is βnωn, exactly as in (30). The expected marginal

utility of consumption of unemployed workers of age n is calculated as equal to the

average expected marginal utility of all age groups affected by the policy change,
1
p

∑p−1
i=0 E [u′ (cun+i)] . Overall the modified formula in the quantitative analysis is

calculated as equal to

%̃n =

1
p

p−1∑
i=0

{
E [u′ (cun+i)] + ωn+i

µn+i

}

dD

ε
p−1∑
i=0

βn+iµ0
n+iw

0
n+i

, (40)

which, exactly as in (37), takes into account that benefits are changed for p con-

secutive quarters. In the expression above w0
n denotes again the average wage at

displacement of the workers of age n who are collecting UI benefits before the pol-

icy change, while µ0
n is the mass of workers of age n who are collecting UI benefits

before the policy change. As in (37), the exogenous change in benefits is equal

to dbn = w0
ndρn = w0

nε. The denominator of (40) corresponds to the denominator

in (38) which is the derivative of government deficit with respect to changes in

benefits. The term dD denotes the difference between the government deficit in

the economy with high benefits levels ρhn and the analogous value in the economy

with low benefit levels ρln. In principle dD should have been indexed to the policy

change considered. Yet to simplify notation we did not make this dependence

explicit. Finally notice that in the denominator of the derivative of government

deficit with respect to benefits, we focus just on the really exogenous change in

government expenditures for the UI programm, omitting any induced effects due

to either changes in unemployment or in workers’ human capital.
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C.5.3 Calculating the cross elasticity η̃n

Let B(by, bo) =
∑
i=y,o βiµi(by, bo)bidenote the total amount of government money

spent for unemployment insurance. It is easy to check that in the model in Section

B
∂B(by, bo)

∂bn
= βnµn (1 + η̃n) (41)

To calculate η̃n in (33) we first calculate the changes in the money spent for

unemployment insurance B and then obtain the elasticity η̃n by using the fact

that (41) implies that

η̃n =
1

βnµn
· ∂B(by, bo)

∂bn
− 1 (42)

This is the expression we use to calculate η̃n in the quantitative analysis of Section

4 where the total amount of government money spent for unemployment insurance

is defined as equal to

B(ρ) =
n̄w∑

n=1

βn
∫

R+
ρnw (e)χu (n, de) . (43)

Given (41) and the policy changes discussed in Section C.5, we then calculate η̃n

as equal to

η̃n =
dB

ε
p−1∑
i=0

βn+iµ0
n+iw

0
n+i

− 1 (44)

where dB is the difference in UI expenditures between the economy with high ben-

efit levels ρhn and the economy with low benefits ρln. Notice that for completeness

dB should have been indexed to the policy change considered. Yet to simplify

notation we did not make this dependence explicit. The logic of calculating the

derivative as in (44) is analogous to the logic used to obtain (37) or (40).

C.6 Solving the optimal UI problem with observable search
effort

Here we discuss how we solve the optimal life cycle unemployment insurance

problem of Section 5 where search effort is observable, which corresponds to the

first best problem. To solve for this problem we search for the value of consumption

c∗ that makes Υ (1, 0, c∗) in (26) equal to zero:

1− βn̄w+n̄r

1− β
c∗ − Y (1, 0, c∗) = 0 (45)

where the function Y (n, e, c) denotes the expected present value of income gen-

erated by a worker of age n searching for a new job who had human capital e

at the start of the current job search spell and who has not experienced any loss
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in his human capital. Here c denotes the constant consumption flow granted

to the worker in each remaining period of his life. Let µ(n, e, c) denote the the

within-period unemployment probability function under the optimal policy of an

unemployed worker of age n, who had human capital e at the start of the current

job search spell, who is granted consumption flow c for each remaining period of

his life and who has not experienced any loss in human capital during the cur-

rent job search spell. Also let µ∗(n, e, c) denote the within-period unemployment

probability function analogous to µ(n, e, c) but for an unemployed worker who

has already experienced a loss in human capital. The functions µ(n, e, c) and

µ∗(n, e, c) are characterized below by (55) and by (56), respectively. Given these

functions we can express Y recursively as equal to:

Y (n, e, c) = µ(n, e, c)β [(1− γ)Y (n+ 1, e, c) + γY ∗(n+ 1, e, c)] (46)

+ [1− µ(n, e, c)]Y e(n, e, c) (47)

where

Y e(n, e, c) = w(e) + β [(1− δn)Y e(n+ 1, e+ 1, c) + δnY (n+ 1, e+ 1, c)] (48)

is the expected present value of income generated by an employed worker of age

n with human capital e who is granted consumption level c for all the remaining

periods of his life, while

Y ∗(n, e, c) = µ∗(c, e, n)βY ∗(n+ 1, e, c) + [1− µ∗(n, e, c)]Y e(n, κ(n, e), c) (49)

is the expected present value of income analogous to Y (n, e, c) but for an unem-

ployed worker who has already experienced a loss in human capital. The expres-

sion in (49) incorporates the assumption that, after experiencing a loss in human

capital, the worker is reemployed with human capital κ(n, e) where e refers to

worker’s human capital at the start of the current job search spell.

Consider a worker of age n searching for a job who had human capital e at

the start of the current job search spell, who is granted consumption flow c for

each remaining period of his life and who has not experienced any loss in human

capital during the current job search spell. Under the optimal policy, this worker

generates a value measured in utils equal to

S(n, e, c) = max
µ∈[0,1]

{ψ (µ) + µβ [(1− γ)S(n+ 1, e, c) + γS∗(n+ 1, e, c)] (50)

+ (1− µ)Se(n, e, c)} (51)

where

Se(n, e, c) = u′ (c)w(e) + β [(1− δn)Se(n+ 1, e+ 1, c) + δnS(n+ 1, e+ 1, c)]

(52)
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is the expected present value, again measured in utils, of the income produced by

an employed worker of age n with human capital e who is granted consumption

level c for all the remaining periods of his life. The present utility value of searching

for a worker who has already experienced a loss in human capital is instead equal

to

S∗(n, e, c) = max
µ∈[0,1]

{ψ (µ) + µβS∗(n+ 1, e, c) + (1− µ)Se(n, κ(n, e), c)} (53)

which is analogous to S (n, e, c) but for the case when the unemployed worker

has already experienced a loss in human capital. For any n, e, and c the within-

period unemployment probability functions under the optimal policy µ and µ∗ are

implicitly defined by (51) and (53), respectively. So we have

µ(n, e, c) = argµ∈[0,1] max {ψ(µ) + µβ [(1− γ)S(n+ 1, e, c) + γS∗(n+ 1, e, c)](54)

+ (1− µ)Se(n, e, c)} (55)

and

µ∗(n, e, c) = argµ∈[0,1] max {ψ(µ) + µβS∗(n+ 1, e, c) + (1− µ)Se(n, κ(n, e), c)} .
(56)

For any given value of c, we can use (51), (52) and (53) to solve for S, Se, and S∗

backward starting from n = n̄w after using the terminal conditions S(n̄w+1, e, c) =

Se(n̄w + 1, e, c) = S∗(n̄w + 1, e, c) = 0. The within-period unemployment prob-

ability functions µ and µ∗ are then obtained by using (55) and (56), respec-

tively. Given µ and µ∗ and after using the terminal conditions Y (n̄w + 1, e, c) =

Y e(n̄w + 1, e, c) = Y ∗(n̄w + 1, e, c) = 0 we can use (47), (48) and (49) to calculate

Y, Y e, and Y ∗ which can be used to solve for the value of c∗ that satisfies (45).

C.7 Consumption equivalent gains relative to baseline cal-
ibration

All consumption equivalent gains are calculated relative to the baseline calibration

discussed in Section 4.3. Let’s start defining the relevant policy rules under the

baseline calibration for consumption, next period asset levels and within-period

unemployment probabilities. Policy rules are always specified as a function of

worker’s age n, worker’s human capital e and worker’s current assets a. For unem-

ployed workers e refers to human capital at the start of the current job search spell.

More specifically, let ĉe (n, e, a) , ĉu (n, e, a) and ĉ∗ (n, e, a) denote the consumption

level chosen in the baseline calibration by a worker who is currently employed, un-

employed with no loss of human capital and unemployed with human capital loss,

respectively. Also let âe (n, e, a) , âu (n, e, a) and â∗ (n, e, a) denote the next period

asset level chosen by a worker who is currently employed, unemployed with no loss
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of human capital and unemployed with human capital loss, respectively. Finally

let µ̂u (n, e, a) and µ̂∗ (n, e, a) denote the within-period unemployment probability

chosen in the baseline calibration by a worker who is unemployed with no loss

of human capital and unemployed with human capital loss, respectively. Now

suppose that in every possible state consumption level choices are multiplied by

a factor θ. We can then calculate the utility value from consumption obtained by

the worker in each possible state after this multiplicative change in consumption

levels. When the worker is employed at age n, with human capital e and asset

level a the utility value he obtains from consumption becomes equal to

Le(n, e, a, θ) = θ1−σu (ĉe (n, e, a)) + β(1−δn)L(n+ 1, e+ 1, âe (n, e, a) , θ)(57)

+βδnL
j(n+ 1, e+ 1, âe (n, e, a) , θ) (58)

which uses the fact that the utility function is CARA and for simplicity we as-

sumed that σ 6= 1. So the scaling factor in consumption θ can be taken out of the

utility function as a multiplicative factor. The last term incorporates the fact that

with probability δn a worker of age n has to search for a new job whose utility

value from consumption is given by

Lj(n, e, a, θ) = µ̂u (n, e, a)Lu(n, e, a, θ) + [1− µ̂u (n, e, a)]Le(n, e, a, θ) (59)

where

Lu(n, e, a, θ) = θ1−σu(ĉu(n, e, a)) + β (1− γ)Lj(n+ 1, e, âu (n, e, a) , θ) (60)

+βγLj
∗
(n+ 1, e, âu (n, e, a) , θ) (61)

denotes the utility value from consumption when being unemployed without hav-

ing experienced a loss in human capital. The function Lj
∗
in (61) denotes the

utility value from consumption when searching for a job after having experienced

a loss in human capital, which satisfies the following relation

Lj
∗
(n, e, a, θ) = µ̂∗ (n, e, a)L∗(n, e, a, θ)+[1− µ̂∗ (n, e, a)]Le(n, κ(n, e), a, θ). (62)

In the expression above L∗ denotes the utility value from consumption when being

unemployed after a loss in human capital, which satisfies

L∗(n, e, a, θ) = θ1−σu(ĉ∗(n, e, a)) + βLj
∗
(n+ 1, e, â∗ (n, e, a) , θ). (63)

In writing (58), (61) and (63) we adopted the convention that L(n̄w + 1, e, a, θ) =

L(n̄w + 1, e, a, θ) = L∗(n̄w + 1, e, a, θ) = θ1−σ · 1−βn̄r
1−β u (cr (a))The utility value

from consumption at birth is equal to Lj(1, 0, 0, θ), which satisfies Lj(1, 0, 0, θ) =

θ1−σLj(1, 0, 0, 1).Notice that Lj(1, 0, 0, 1) is the utility value from consumption at

birth in the baseline calibration. Now consider a policy reform that yields a welfare

gains relative to the welfare in the baseline calibration equal to ∆W ≡ ∆J(1, 0, 0).

The consumption equivalent gain change is calculated as equal to θ (∆W )−1 where

θ (∆W ) is given by θ (∆W ) =
[

∆W
Lj(1,0,0,1)

+ 1
] 1

1−σ .
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C.8 Baseline economy under the natural borrowing limit

We analyze our economy under the assumption that workers face a natural bor-

rowing limit, equal to the present value of the income that the worker would obtain

if he were to shirk in every working period until retirement. This implies that the

assets of a worker of age n with human capital e should be greater than l(n,e)=-[
1−βn̄w−n+1

1−β ρw(e) + βn̄w−n+1 1−βn̄r
1−β π

]
.To understand the term in square brackets

notice that if a worker of age n who has human capital e shirks forever, he obtains

UI benefits ρw(e) in each of the n̄w − n + 1 remaining periods of his working

life and then he will obtain retirement pensions π that he will start receiving in

n̄w − n + 1 periods. Under this assumption the key equations of the model in

Section 4 should be modified to incorporate the new borrowing limit. The value

of being an employed worker of age n ≤ n̄w with human capital e and assets a

will now be given by:

V (n, e, a) = max
a′≥l(n+1,e+1)

u (ce(e, a, a′))+β [(1−δn)V (n+ 1, e+ 1, a′) + δnJ(n+ 1, e+ 1, a′)]

(64)

which takes into account that next period assets should be greater than l(n+1, e+

1). Remember that ce(e, a, a′) = (1−τn)w(e)+(1+r)a−a′. The value of searching

is again given by J(n,e,a)=maxµ∈[0,1] ψ(µ)+µU(n, e, a)+(1−µ)V (n, e, a)The value

of remaining unemployed at the end of the period should now satisfy

U(n, e, a) = max
a′≥l(n+1,e)

u(cu(e, a, a′)) + β (1− γ) J(n+ 1, e, a′) + βγJ∗(n+ 1, e, a′)

(65)

where cu(e, a, a′) = ρnw(e) + (1 + r) a− a′ denotes again current period consump-

tion when unemployed. The function J∗ denotes the value of searching after

experiencing a loss in human capital, which remains untouched and again given

by J∗(n, e, a) = maxµ∈[0,1] ψ(µ) + µU∗(n, e, a) + (1 − µ)V (n, κne, a)The value of

being unemployed after a loss in human capital satisfies

U∗(n, e, a) = max
a′≥l(n+1,e)

u(c∗(e, a, a′)) + βJ∗(n+ 1, e, a′) (66)

where again c∗(n, e, a, a′) = ρnw(e)+(1 + r) a−a′ and the borrowing limit is as in

(65). We also still adopt the convention that V(n̄w + 1, e, a) = U(n̄w + 1, e, a) =

U∗(n̄w+1, e, a) = 1−βn̄r
1−β u (cr (a))where cr (a) = π+ ra

1−βn̄r . The government budget

constraint is also untouched and reads as follows

n̄w∑

n=1

βn
∫

R+
ρnw (e)χu (n, de) +

n̄r∑

n=n̄w+1

βnπχr(n) =
n̄w∑

n=1

βn
∫

R+
τnw (e)χe (n, de)

(67)

where integrals are conventionally defined Lebesgue integrals. Here again χe (n, e)

denotes the measure of employed workers of age n and experience e, χu(n, e)

A-29



denotes the measure of unemployed workers of age n who were displaced with

human capital e and finally χr(n) =
∫
χe (n̄w, de) +

∫
χu (n̄w, de) = χr denotes the

measure of retired workers of age n, which is constant and independent of age.
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D Wage and earnings losses in the literature and

in the model

In this section we first briefly review estimates from the empirical literature on

earnings losses upon displacement. We then compare estimates with measures of

earnings losses in the model. We focus on two parametrizations of the model: one

is the baseline calibration of Section 4.3 of the paper, the other is the re-calibrated

version of the model discussed in Section 7.5 where we double the magnitude of

wage losses during unemployment. We then discuss robustness to alternative

characterizations of earnings losses in the model.

D.1 Earnings losses in the literature

We compare yearly earnings losses upon displacement in the model with estimates

from the literature as obtained by Davis and von Wachter (2011), Stevens (1997),

Couch and Placzek (2010) and also reported in Jung and Kuhn (2012). In Figure

A5 we plot the profile of earnings losses at different years after worker displacement

as estimated by the literature. Displacement occurs in period zero. The black

dotted line corresponds to the estimates by Davis and von Wachter (2011). Davis

and von Wachter (2011) focus on a sample of male employees with at least 3

years of job tenure prior to displacement and employed in firms with at least

50 employees. A worker is classified as displaced in year t if he separates from

the employer in t and the employer experiences a mass layoff between t− 1 and t

roughly defined as an employment contraction of at least 30% in the period. They

measure yearly labor earnings of displaced workers and compare these earnings to

the earnings of workers with identical characteristics in terms of age, tenure and

firm size before displacement but who did not separate from their main employers

in year t, t + 1, and t + 2. Davis and von Wachter (2011) just provide measure

of income losses in thousands of dollars. To obtain a measure of earnings losses

in percentage terms, we infer from Table 1 of their paper that the average annual

income of the control group in their sample is $ 49,806, which allows us to obtain

a measure of losses as a proportion of labor income of the control group.33 Davis

and von Wachter (2011) provide measures of earnings losses in recessions and in

expansions. We focus on the measure during expansion years, which are similar to

the average effects in their sample. The red solid line in Figure A5 corresponds to

the profile of earnings losses after displacement estimated by Couch and Placzek

33To calculate the analogous annual earnings for workers of different age, we use our estimated
age profile of labor income from CPS. For example this profile says that workers of 21 to 30
years of age earn around 72 % of the average earnings in the economy, which suggests setting
an annual income of $ 35,930 for the control group of displaced workers of this age. For other
age groups we proceed analogously.
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(2010), who mimic the analysis in Jacobson, LaLonde and Sullivan (1993), using

Connecticut data over the period 1993-2004. Workers are defined as displaced,

exactly as in Davis and von Wachter (2011). Earnings of displaced workers are

compared to the earnings of continuously employed workers. Since earnings are

at the quarterly frequency, we obtain a measure of yearly losses by cumulating

losses in the year. The profile in Figure A5, is obtained using column FE of the

table at page 27 of the Online Appendix of the paper. The green dashed line
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(b) Earnings losses in model for different def-
inition of displacement

Notes: Panel (a) plots the profile of yearly earnings losses in the model and in several

papers in the literature. The black dotted line corresponds to the estimates by Davis and

von Wachter (2011), the red solid line to those by Couch and Placzek (2010), and the green

dashed line to those by Stevens (1997). The purple dash dotted line is the profile of earnings

losses generated by the model of Jung and Kuhn (2012). Panel (b) shows the profile of

yearly earning losses for alternative definitions of worker displacement in the model. The

blue solid line corresponds to the annual earnings losses of workers who collect UI benefits.

The blue dotted line corresponds to the annual earnings losses of workers who separate

from their job independently of whether they collect UI benefits in a period. The blue

dashed line is the profile of earning losses for all workers who in the model lose their job

and experience some loss in their human capital during their first unemployment spell.

Figure A5: Profile of yearly earnings losses after displacement

in Figure A5 corresponds to the profile of earnings losses estimated by Stevens

(1997) using a sample of household heads on PSID data over the 1968-1988 period.

Differently from the other studies Stevens (1997) identifies worker displacement

without relying on mass-layoffs events. A worker is classified as displaced if he

leaves the current employer either because a plant or a business is closed or because

the worker reports being laid off or fired. As discussed at page 170 of the paper,

and given the nature of PSID, the timing of displacement is not precisely identified

and a displacement attributed to year t could have in practice occurred in year

t− 1. Losses are measured relative to a group of continuously employed workers.

The green dashed line in Figure A5 corresponds to column 4 of Table 4 at page

175 of the paper by Stevens (1997). Jung and Kuhn (2012) proposes a search
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model to match the empirical evidence on earnings losses upon re-employment.

For the sake of comparison, we plot as a purple dash dotted line the profile of

earnings losses generated by the model of Jung and Kuhn (2012) as reported in

Figure 6 of their paper.

By comparing empirical evidence, one can observe large variation in the re-

ported estimates. In particular the long-term earnings losses by Davis and von

Wachter (2011) are almost twice as large as the estimates in Couch and Placzek

(2010) and Stevens (1997), which are remarkably similar between each other.

D.2 Earnings losses in the model

We now construct a measure of earnings losses after displacement in the model.

We start defining workers as displaced at t if they were employed in t − 1 and

collect UI benefits in t. This is a natural definition of displacement in the model

because as discussed in Couch and Placzek (2010) and Jacobson, LaLonde and

Sullivan (1993) there are no long term losses among separators who do not collect

UI benefits—independently of whether the worker loses his job during a mass

layoff event. We also consider two alternative definitions of displacement: one

where workers are defined as displaced whenever they separate from their job,

independently of whether they collect UI benefits in a period; another where

workers are defined as displaced if they lose their job and experience some loss in

their human capital during their first unemployment spell. To measure earnings

losses in the model we start simulating the economy and focus on workers who

are continuously employed in the same job for at least 12 quarters.34 Some of

these workers get displaced in the next period. For simplicity we assume that

workers separate from their job in the fourth quarter of the year. This only

affects the earnings losses in the year of displacement but not in following years.

This assumption about displacement implies that the annual earnings losses in

the year of displacement for workers who collect UI benefits is exactly equal to 25

percent. We later study robustness of results to alternative assumptions about the

timing of displacement in the year. For each displaced workers we then simulate

10000 labor market histories until retirement. For each subsequent year after

displacement we then averaged out labor earnings across different histories. To

be sure, our income definition excludes income from unemployment insurance or

capital income, as in the empirical literature. Earnings losses in a year after

displacement are calculated as percentage differences in labor income relative to

a group of workers who are continuously employed until retirement. We later

analyze robustness to alternative control groups. To characterize earnings losses

34Jung and Kuhn (2012) focus on a sample of workers with at least 6 years of tenure (24
quarters).
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by age, we later perform the same exercise for 4 different age groups depending

on whether displaced workers have 25, 35, 45 or 55 years of age. The blue solid

line in panel (b) of Figure A5 is the profile of earnings losses in the model for each

year after displacement for an average worker in the baseline calibration of the

model discussed in Section 4.3 of the paper. The blue dotted line corresponds to

the annual earnings losses of workers who separate from their job, independently

of whether they collect UI benefits in a period. The blue dashed line is the profile

of earning losses for all workers who in the model lose their job and experience

some loss in their human capital during their first unemployment spell.

Overall the model tends to under-predict somewhat earnings losses upon dis-

placement as estimated by the literature. At short duration after displacement,

differences between data and model are small and they can go either way depend-

ing on the definition of displacement. But when looking at long-term losses (more

than three years after displacement), the losses generated by the model are around

one half of those in the data. But there are strong reasons to believe that the

mass-layoff literature (Couch and Placzek 2010, Davis and von Wachter, 2011)

tends to systematically over-estimate earnings losses upon displacement. This is

first because firms might undergo a mass layoff because of a poor skill quality of

their workers—who also experience large average earnings losses—and secondly

(and most importantly) because mass layoffs can at least be partly anticipated

by workers in the firm and better workers—who have lower earnings losses upon

displacement—quit the firm before the mass-layoff event. Autor et al. (2013) (see

their Table 8) provide compelling evidence about this latter effect: around one

third of the skilled workers in the firm (defined as workers whose pre-displacement

wages are in the top tercile of the wage distribution of their age cohort) leave the

firm within two years before the mass-layoff and these workers experience virtu-

ally no earnings losses. It is also useful to observe that Jacobson, LaLonde and

Sullivan (1993) find that workers who separate from their job and who are not

part of a mass-lay off, experience initial losses of 26 percent and no losses six

years after displacement. In Couch and Placzek (2010) these long term losses are

around 7 percent and similar to the model. This is why we think that keeping our

calibration as baseline might be appropriate. Moreover the results in the paper

are unaffected by the magnitude of wage losses during unemployment. Following

the suggestion by one Referee, in Section 7.5 of the paper we study the robust-

ness of the results in the paper once we double the magnitude of wage losses due

to human capital depreciation during unemployment. The profile of the optimal

age-dependent UI replacement remains virtually unchanged, see Figure 14 in the

paper. In this Online Appendix (see Section E.3) we also perform several other

robustness exercises, which confirm that the age profile of the optimal UI replace-

ment rate is almost unaffected by changes in either the level or the age profile
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of human capital losses during unemployment. Here we just briefly describe the

property of the model in terms of earnings losses once we double wage losses dur-

ing unemployment. The new profile of wage losses, κn − 1, corresponds to the

blue solid line of panel (a) of Figure A6. The economy is recalibrated to match

the targets of Section 4.3 in the paper, see Section E.3 of this Online Appendix

for further details. Panel (b) of Figure A6 is analogous to panel (a) of Figure

A5, but for the economy with larger human capital losses during unemployment.

The new re-calibrated model now matches better the profile of long term earnings

losses upon displacement in the data, although long terms losses are still smaller

than those found by Davis and von Wachter (2011).
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(a) Wage losses: κn − 1
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(b) Earnings losses in model with higher wage
losses for different definition of displacement

Notes: Panel (a) plots the age profile of wage losses during unemployment in the baseline

calibration as a blue dotted line and in the economy where we double wage losses due

to human capital depreciation during unemployment, as a blue solid line. Panel (b) is

analogous to panel (a) of Figure A5, but where now the lines correspond to the calibration

of the model with higher human capital losses during unemployment.

Figure A6: Profile of earnings losses after displacement in re-calibrated model
after doubling wage losses during unemployment

D.3 Earnings losses by worker age at displacement

We now characterize the profile of earnings losses upon displacement according

to the age of the worker at displacement. As previously anticipated we focus on

four different age groups of workers: panel (a) of Figure A7 shows the profile for

worker of 25 years of age at displacement, panel (b) focuses on workers of 35 years

of age, panel (c) on workers of 45 years of age, and panel (d) on workers of 55

years of age. Each panel is analogous to panel (b) of Figure A5, where we plot the

profile of earnings losses for three groups of workers who differ in their definition

of displacement: the dotted line corresponds to all workers who separate from
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(a) 25 years of age
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(b) 35 years of age
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(c) 45 years of age
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(d) 55 years of age

Notes: Profile of earnings losses after displacement in the model for four different age

groups. The parametrization corresponds to the baseline calibration of Section 4.3 in the

paper. In each panel we consider three alternative definitions of displacement. The blue

solid line corresponds to workers who collect UI benefits at some time during their first

unemployment spell; the blue dotted line corresponds to losses of workers who separate

from their job independently of whether they collect UI benefits in their first unemployment

spell; the blue dashed line are losses for all workers who experience some human capital

loss during their first unemployment spell.

Figure A7: Profile of earnings losses after displacement for workers of different
age

their job, the solid line corresponds to workers who collect UI benefits, the dashed

line corresponds to workers who separate from their job and lose some human

capital during their first unemployment spell. Earnings losses increase substan-

tially by age. To better evaluate, how the model reproduces the age variation

in the data of earnings losses, Table A3 reports the present discounted value of

earnings losses experienced by workers at displacement. Panel A measures losses

from year of displacement until retirement, panel B focuses on losses in the next

five years after displacement, Panel C focuses on losses in the next three years

after displacement. Losses are measured as one minus the ratio of the present

discounted value of earnings of displaced workers over the present value of earn-

ings of the control group, which in the model are continuously employed workers.

To calculate present values we use a 5 per cent discount rate, which is as Davis

and von Wachter (2011). We present results for the previously mentioned four

different age groups of workers. For each age group we consider the three alterna-
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tive definitions of displacement: all workers who separated from their job (which

corresponds to ’All’ in the table), workers who separate and collect UI benefits

in their first unemployment spell (’UI’ in the table) and workers who experience

a human capital loss in their first unemployment spell (’HKLoss’ in the table).

For the sake of comparison we report in column three an analogous calculation

by Davis and von Wachter (2011) based on their empirical estimates. We present

Table A3: One minus Ratio of the PDV of earnings of displaced workers over the
PDV of earnings of control group

Worker age Data Baseline calibration Re-calibrated model
Data Model All UI HKLoss All UI HKLoss All

A) Life time PDV losses
21-30 25 -7.8 -7.4 -7.8 -5.6 -7.6 -7.9 -5.7
31-40 35 -6.5 -8.3 -9.6 -5.9 -9.3 -11.2 -6.6
41-50 45 -15.1 -10.6 -13.8 -6.5 -13.0 -18.4 -7.7
51-60 55 -23.1 -14.3 -19.1 -8.7 -17.7 -25.7 -9.9

B) 5 years PDV losses
21-30 25 -13.4 -13.6 -14.5 -8.3 -13.6 -14.4 -8.3
31-40 35 -12.8 -14.3 -16.8 -8.0 -14.6 -17.7 -7.9
41-50 45 -18.2 -17.6 -23.5 -9.1 -19.6 -28.2 -9.6
51-60 55 -25.3 -19.0 -26.2 -9.9 -22.3 -33.3 -10.7

C) 3 years PDV losses
21-30 25 -14.5 -18.8 -20.0 -10.6 -18.8 -19.8 -10.5
31-40 35 -12.7 -19.5 -22.7 -10.1 -19.3 -22.9 -9.6
41-50 45 -17.2 -23.8 -31.3 -11.5 -24.7 -34.6 -11.2
51-60 55 -24.1 -25.4 -34.6 -12.4 -27.7 -40.2 -12.4

Note: The table reports the value of one minus the ratio of the Present Discounted Value
(PDV) of earnings of displaced workers over the PDV of earnings of control group in
the model and in the data for different age groups and different time horizons. Losses
are calculated for three alternative definitions of displacement: all workers who separated
from their job (’All’ in table), workers who separate and collect UI benefits in their first
unemployment spell (’UI’ in table) and workers who experience a human capital loss in their
first unemployment spell (’HKLoss’ in table). Data correspond to the values from Davis and
von Wachter (2011). For an average worker in the population the PDV of earnings losses in
Jung and Kuhn (2012), Couch and Placzek (2010) and Stevens (1997) are approximately
equal to 0.158, 0.164, and 0.144 respectively. The Re-calibrated model corresponds to the
model specification where we doubled wage losses due to human capital depreciation during
unemployment as in Figure A6.

results for the baseline calibration of Section 4.3 and for the Re-calibrated model

of Section 7.5 where we doubled wage losses due to human capital depreciation

during unemployment as in Figure A6. Overall the model matches more closely

the losses in present value at short horizons than at long term horizons. At a time

horizon of three years, the model matches age variation in earnings losses reason-

ably accurately when focusing on the sample of workers who collect UI benefits.
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At longer time horizons, the model fit is not terrible, especially when focusing on

the parametrization with higher wages losses during unemployment. Still allowing

for alternative sources of wage losses upon displacement (like accumulation of job

specific human capital) could clearly improve the model fit in terms of long term

earnings losses upon displacement.

D.4 Sensitivity and robustness of earnings losses results

In this Section we study robustness of results to alternative assumptions about

(i) the timing of displacement within a year and (ii) the definition of the control

group. In both cases we present results both for the baseline calibration of Section

4.3 and for the recalibrated model with larger wage losses during unemployment

of Section 7.5. To save space, here we define workers as displaced if they separate

from their job and collect UI benefits. Figure A8 presents the profile of earnings

losses upon displacement when we assume that in the year of displacement the

worker is always displaced in the first quarter of the year (dashed line), that the

worker is displaced in the four quarter of the year (solid line) and that the worker

has an equal probability of being displaced in the four quarters of the year (dotted

line). As expected, alternative assumptions about the timing of displacement

affect the measure of earnings losses mainly in the year of displacement. The

effects on subsequent years are instead small.
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(b) Recalibrated model

Notes: Profile of yearly earnings losses in the model for alternative assumptions about the

timing of displacement in the year of displacement. Panel (a) deals with baseline calibration,

panel (b) with the parametrization with higher wage losses during unemployment. The

blue solid line corresponds to earnings losses for workers who collect UI benefits in the

last quarter of the year, the blue dashed line corresponds to losses when assuming that

all workers first collect UI benefits in the first quarter of the year, the blue dotted line

corresponds to losses when assuming that workers have an equal probability of collecting

UI benefits in all quarters in the year.

Figure A8: Earnings losses from year of displacement: changing the timing of
separation
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Figure A9 presents the profile of earning losses after displacement when we

consider as a control group workers who are employed at t, t+ 1 and t+ 2 where

t is the year of displacement of the workers we are measuring losses. This profile

corresponds to the red dotted line in the figure. For the sake of comparison we

also report the previously reported profile, as a blue solid line, that was obtained

using continuously employed workers as a control group. Overall one can see that

the choice of the control group affects little the measure of earning losses in the

model.
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(b) Recalibrated model

Notes: Age profile of yearly earnings losses in the model for two alternative control groups.

The blue solid line corresponds to earnings losses relative to continuously employed. The

red dotted line are losses relative to workers who are employed at t, t+ 1 and t+ 2 where

t is the year of displacement of the workers we are measuring losses. Panel (a) deals with

baseline calibration, panel (b) with the parametrization with higher human capital losses

during unemployment of Section 7.

Figure A9: Earnings losses from year of displacement: changing the control group
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E Further details on robustness

Here we provide further details on the robustness exercises discussed in Section 7.

E.1 Age-dependent government budget constraints

In this section we better characterize the economy of Section with age-dependent

government budget constraints. The population is divided into N mutually ex-

clusive age groups with maximum age difference k within the group, so that

Nk = n̄w. The set of age levels for the ith age group, i = 1, 2...., N, is given by

Γi = {(i− 1)k+ 1, (i− 1)k+ 2...., ik}. Income taxes are the sum of two rates, one

used to financed UI benefits expenditures for the specific age group, the other to

finance expenditures for retirement pensions, so that τn = τn + τ̂0. Here τ̂0 is the

constant over-time income tax-rate set to finance retirement pensions:

n̄r∑

n=n̄w+1

βnπχr(n) = τ̂0

n̄w∑

n=1

βn
∫

R+
w (e)χe (n, de) (68)

The age-dependent component of income tax rates τn is constant within its cor-

responding age group so that τn = τ̂i ∀n ∈ Γi, where τ̂i satisfies the following

group-i specific budget constraint:

∑

n∈Γi

βn
∫

R+
ρnw (e)χu (n, de) = τ̂i

∑

n∈Γi

βn
∫

R+
w (e)χe (n, de) , ∀i = 1, ..., N

(69)

This constraint implies that an increase in benefits for a given age group i can not

be financed by increasing tax revenue for another age group. We then search for

the age profile of UI replacement rate ρ ≥ 0 which maximizes worker’s wealth at

birth Ws subject to the same constraints as before but where now the tax rates τ̂i’s

i = 0, 1, ..., N satisfy the N + 1 government budget constraints in (68) and (69).

In solving the problem we consider age groups of five years, k = 20. The resulting

optimal age-dependent replacement rate under the age specific government budget

constraints specified above corresponds to the solid line in Figure 13.

E.2 Severance payments

We better characterize the economy with age-dependent severance payments in

Section 7.4. Upon job displacement workers receive a government transfer equal

to ςnw(e) where worker’s age n and worker’s human capital e here refer to the last

period before job displacement occurs. All the other model assumptions remain

as in Section 4. The value of being employed in the economy with severance

payments becomes equal to

V (n, e, a) = max
a′≥l

u (ce(n, e, a, a′)) + β(1− δn)V (n+ 1, e+ 1, a′) (70)
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+βδnJ(n+ 1, e+ 1, a′ + ςnw(e)) (71)

where the last term incorporates the fact that upon displacement the worker

receives a severance pay of ςnw(e), which increases his wealth at the start of the

current job search spell. Nothing else changes relative to (19) and all the other

value functions remain as in Section 4, so equations (20)-(23) are left untouched.

Of course, the government budget constraint in (24) has to be amended to include

severance payments transfers. This yields the following constraint:

n̄w∑

n=1

βn
∫

R+
ρnw (e)χu (n, de) + β

n̄w∑

n=1

βn
∫

R+
ςnw (e) δnχ

e (n, de) (72)

=
n̄w∑

n=1

βn
∫

R+
τnw (e)χe (n, de)−

n̄r∑

n=n̄w+1

βnπχr(n). (73)

The second term in the first row takes into account that a fraction δn of the mass

of employed workers of age n and experience e, χe (n, e) , will be displaced next

period and will receive severance payments ςnw (e).

We study whether severance payments can improve welfare relative to the

economy with optimal age-dependent benefits and taxes. So we keep their age

profile as given. To be sure, let ρ∗n and τ ∗n denote the optimal age profile of benefits

and taxes as reported in Figure 10. Here we assume that ρn = ρ∗n and τn = τ ∗n +τ ,

where τ is needed to keep the government budget constraint in (73) satisfied.

We then search for the vectors of severance payments ς = {ς1, ..., ςnw} and the

value of the tax rate τ that maximize worker’s utility at birth Ws ≡ J(1, 0, 0)

subject to the new government budget constraint in (73), workers optimal choices

as implied by (20)-(22) and (71), and the feasibility constraint ρ ≥ 0.35 Exactly

as in Section 6 we assume that ςn is a cubic spline at the previously defined ten

age knots and search for the value at the knots that maximize Ws. When we

restrict severance payments to be independent of age ςn = ς, ∀n, we find that

the optimal constant over age severance payment is ς = 1.4. This economy yields

welfare gains equivalent to a 3.3 percent increase in life time consumption relative

to the baseline economy. This is 0.1 percent higher than in the economy with

optimal age-dependent benefits and taxes. When we allow severance payment

to vary with age, we virtually find no additional gains (up to the fourth order).

We believe that age variation in severance payments yields small welfare gains

because severance payments discourage workers from accumulating precautionary

savings and thereby are more distortionary than a combination of UI benefits and

subsidies to job creation. Since UI benefits together with labor income tax rates

can mimic reasonably well the effects of a subsidy to job creation, age variation

in severance payments can play little role in improving welfare in our economy.

35In the economy we also impose the restriction that ςn̄w
= 0, since this transfer would just

have the nature of a retirement pension.
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E.3 Optimal UI replacement rates and the age profile of
wage losses during unemployment

In Section 7.5 of the paper we have seen that the optimal age-dependent UI

replacement rate ρn remains virtually unchanged once we double the level of wage

losses due to human capital depreciation during unemployment κn − 1. We now

show that this is a general property of the model. Figure A10 shows the profile of

the optimal age-dependent UI replacement rate ρn for different parametrizations

of the level of wage losses during unemployment. The first panel in each row

corresponds to the new profile of wage losses upon unemployment κn − 1, the

second panel shows as a solid line the optimal age-dependent UI replacement rate

ρn, the third panel plots the difference between the new profile of ρn and the

profile of ρn obtained in the baseline calibration of the model of Section 4.3 in the

paper—which for convenience is plotted as a dotted line in the second panel of each

row. To simplify the exercise, economies are not recalibrated to match the targets

of Section 4.3, except for the parametrization of the economy in the last row,

which corresponds to the robustness exercise of Section 7, where all economies are

recalibrated to match the targets of Section 4.3. There is some evidence that when

wage losses increase across age groups the profile of the optimal age-dependent

ρn increases for workers of 30 to 45 years of age, while it decreases for the very

young. There is also some evidence that when wage losses increase more steeply

with age, UI replacement rates tend to increase somewhat for the young. But

overall all changes are quantitatively small. In practice this happens because the

age profile of the extended redistribution formula %̃ changes little in response to

changes in the profile of κn − 1. For example, with higher losses the marginal

utility of consumption of the unemployed goes up which pushes up the value of

the numerator of %̃. But with higher losses tax effects also become more important,

so − ∂T
∂bn

goes up, which on balance leaves the overall profile of %̃ unchanged.

A-42



20 30 40 50 60

−0.3

−0.25

−0.2

−0.15

−0.1

−0.05

0

(a) Wage losses, κn − 1

20 30 40 50 60
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

(b) Optimal ρn

20 30 40 50 60

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

(c) Change in optimal ρn

20 30 40 50 60

−0.3

−0.25

−0.2

−0.15

−0.1

−0.05

0

(d) Wage losses, κn − 1

20 30 40 50 60
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

(e) Optimal ρn

20 30 40 50 60

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

(f) Change in optimal ρn

20 30 40 50 60

−0.3

−0.25

−0.2

−0.15

−0.1

−0.05

0

(g) Wage losses, κn − 1

20 30 40 50 60
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

(h) Optimal ρn

20 30 40 50 60

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

(i) Change in optimal ρn

20 30 40 50 60

−0.3

−0.25

−0.2

−0.15

−0.1

−0.05

0

(j) Wage losses, κn − 1

20 30 40 50 60
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

(k) Optimal ρn

20 30 40 50 60

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

(l) Change optimal ρn

20 30 40 50 60

−0.3

−0.25

−0.2

−0.15

−0.1

−0.05

0

(m) Recalibration: Wage
losses, κn − 1

20 30 40 50 60
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

(n) Optimal ρn

20 30 40 50 60

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

(o) Change in optimal ρn

Notes: Optimal age-dependent UI replacement rate ρn for different parametrizations of
the level of wage losses during unemployment. The first panel in each row corresponds
to the new profile of wage losses upon unemployment, the second panel plots as a solid
line the optimal age-dependent UI replacement rate ρn obtained under he corresponding
parametrization, the third panel is the difference between the new profile of ρn and the
profile obtained in the baseline calibration of the model of Section 4.3 in the paper, which
corresponds to the dotted line in the second panel of each row. No economy is recalibrated
to match the targets of Section 4.3, except for the parametrization in the last row.

Figure A10: Different profiles of wage losses and the optimal age-dependent UI
replacement rate ρn A-43


