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Abstract

This paper analyzes the welfare effects of unemployment insurance in a life-cycle
model, focusing on partial vs. general equilibrium effects. We study an OLG economy
with learning-by-doing human capital accumulation. Agents can be employed or unem-
ployed. While unemployed, agents costly search for new jobs. We calibrate the model
to the U.S. economy and find that the replacement ratio and potential duration are
close to the current one. However, in contrast with the previous literature, we find that
optimal policies under general and partial equilibrium are almost the same. Through a
series of exercises we conclude that the life-cycle model provides two key components,
crucial for welfare evaluation: it emphasizes workers’ insurance needs by accurately
reproducing the left tail of the wealth distribution, and generates a realistic response
of precautionary savings to transfers.
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1 Introduction

Unemployment insurance (UI) provides workers with means to smooth consumption after
job loss but reduces their incentives to find a new job. This trade-off between insurance and
incentives has been the focus of optimal UI analysis and a fundamental issue of economic
policy for over a century. Although initially controversial, an extensive literature abstracting
from general equilibrium effects widely agrees that Ul is socially valuable. How generous
the system should be is still debatable, but there is consensus that it should exist. In
contrast, the literature focusing on general equilibrium points out that public transfers only
substitute for private insurance (through savings), reduces physical capital and production,
and generates additional price adjustments that render UI undesirable. In this paper, we show
that both views are reconciled when the sources of wealth inequality are carefully considered
and incorporated.

There are two key elements shaping the discrepancy between partial and general equilib-
rium approaches in the literature. One is the degree of insurance needs. General equilibrium
models tend to generate few asset-poor workers and thus little value for public transfers.
The other is the elasticity of savings to changes in the benefits embodied in the UI system.
Infinitely-lived agents models tend to amplify the response of assets and, hence, social costs of
UI. Throughout the paper, we argue that an overlapping generations model provides a setup
that naturally generates the wealth distribution and the capital elasticity of the data, and
we find that an UI system funded through labor taxation has mild effects reducing private
savings and search effort.

We build a life-cycle model in which risk-averse workers derive utility from consumption
and leisure. They begin their working life without assets or working experience, then accu-
mulate assets and human capital while working. While employed, they can choose their work
intensity. An exogenous separation shock makes workers fall into unemployment, in which
case they are eligible for UI transfers of limited duration. While unemployed, jobless workers
actively search for a job at a utility cost. At the end of their working life, agents retire and
receive a pension from the government. Workers are employed by competitive firms operating
a constant returns of scale technology relying on both physical and human capital. Finally,
there is a government that provides Ul and pension benefits, funded through a proportional
labor income tax, balancing its budget in every period.

This life-cycle structure generates important economic mechanisms that are relevant for
welfare evaluation (Michelacci and Ruffo, 2015). Young workers are typically not able to
save enough to face an unemployment spell because of their limited employment history.

Moreover, due to the increasing life cycle income profile, young workers do not save much at



the beginning of their working life. These effects generate a savings life-cycle profile and an
assets distribution that are consistent with the data. In particular, they generate a proportion
of liquidity constrained unemployed workers that is close to the observed. This point is crucial
for the adequate measurement of Ul welfare gains. If workers could completely finance their
consumption while unemployed, UI would lack most of its appeal. In addition, the life-cycle
concerns reduce the response of assets to transfers. This is because, in our model, agents
have incentives to save for reasons beyond unemployment risk. Saving for retirement is the
main reason to accumulate assets, explaining most of the assets accumulation.

In this context, we search for the Ul replacement ratio and potential duration that max-
imizes the workers lifetime utility at birth. We find that the optimal policy in partial equi-
librium has the same potential duration and a slightly higher replacement ratio than the
current U.S. system, but still close to it (63% compared to the current 50%). The welfare
effects are sizeable, the estimated losses of eliminating the Ul system are equivalent to a fall
in 5% of lifetime consumption. Importantly, the result is almost unchanged when we allow
for general equilibrium effects. The reason is that both labor and capital adjust in a similar
proportion, letting the capital-labor ratio remain fairly constant around the optimum. Thus,
the change in factor prices in general equilibrium has small welfare effects.

Our result is consistent with the partial equilibrium literature but at odds with the previ-
ous results in general equilibrium. There are several reasons for this, mostly associated with
the life-cycle effects. The standard approach is to analyze the problem assuming infinitely-
lived agents facing unemployment risk. In these frameworks, agents have strong incentives
to save when employed (especially when the wage is high) and have infinite periods to do so.
As a result, they are able to accumulate enough assets to insure against most adverse future
histories. Thus, these frameworks typically lack asset-poor workers, generating a distribution
of assets less dispersed than the empirically observed. There is a mechanism akin to Clementi
and Hopenhayn (2006) allowing agents to “escape” the financial constraints. This also im-
plies that in infinitely-lived agents’ models the elasticity of assets with respect to Ul benefits
is large. Hence, physical capital strongly responds to Ul, generating a sizeable reduction in
aggregate production. As a consequence, this modeling choice reduces the welfare gains and
increases the welfare costs of Ul.

One may wonder whether matching wealth inequality by other means would be enough
to overcome this problem. For instance, since Krusell and Smith (1998) it is customary to
generate more dispersion by appealing to stochastic heterogeneous discount factors. This
shortcut only reshuffles the savings elasticities of agents with an average that must remain
approximately constant to generate the same aggregate capital. With infinite periods to

adapt to alternative Ul policies, the welfare effects are not far from the standard setup with



homogeneous discount factors, for instance, Mukoyama (2013). It is not enough to generate
the right amount of wealth inequality, but to do it for the right reasons.

To show the relevance of life-cycle effects on the distribution of assets and the response of
aggregate capital to changes in Ul, we start by shutting down all age-dependent components.
We use a standard Hugget-Aiyagari economy with infinitely-lived agents, no human capital
accumulation and no pensions. We show that in this model, consistent with the previous
literature, the optimal UI plummets to close to zero even in partial equilibrium.

Still, one may wonder whether UI could be replacing missing instruments to provide
intergenerational transfers to the young. To this end, we also construct alternative economies
(where the income life-cycle profile is flattened or where there is a budget constraint by age),
keeping the savings life-cycle profile, and show that the conclusions are maintained. As long
as liquidity constraints are relevant and savings are sufficiently inelastic, for the young due
to scarcity and for the older due to retirement concerns, it is optimal to provide UI.

Finally, one important element in our baseline economy is that even though the UI affects
aggregate capital and labor, it does so proportionally, so that the capital-labor ratio, and
therefore prices, are barely affected. To show this, we analyze alternative funding strategies,
using capital taxation and delay lump sum taxation upon retirement. In these alternatives the
capital-labor ratio is more sensitive and therefore the general equilibrium effects are larger.
We show that whenever the ratio is reduced due to the increase in UI, the general equilibrium
analysis prescribes less generous Ul compared to partial equilibrium analysis. Conversely,
whenever the capital-labor ratio is increased due to more generous Ul, the general equilibrium
analysis suggests more generous Ul compared to partial equilibrium.

Our contribution is, thus, to build a bridge between two branches of the literature and to
emphasize the role of the distribution of assets and the elasticity of savings with respect to
UIL. We show that if the capital-labor ratio does not change with UI, the general equilibrium
effect is nil. In such a case, the partial equilibrium approach is accurate. In the case in
which the capital-labor ratio changes, the additional price effect should be considered for the
identification of the optimal policy.

The paper is structured as follows. In Section 1.1 we briefly review the extensive related
literature. In Section 2 we present the economic environment and in Section 3 its calibration
to the U.S. economy. Section 4 presents the main results. In Section 5 we present a series of
exercises to understand the underlying economic mechanisms, leaving the robustness checks

to Section 6. Finally, Section 7 concludes.

Tn this paper we concentrate on the role of factor prices through capital-labor ratio, and we abstract
from the role of search externalities and possible congestion effects present in matching models, effects that
are important but independent to the main message of this paper (Krusell et al., 2010; Landais et al., 2018).



1.1 Literature review

The trade-off between insurance and search effort has been extensively studied through op-
timal dynamic contracts by Shavell and Weiss (1979), Hopenhayn and Nicolini (1997, 2009)
and Shimer and Werning (2008, 2006), among many others. These papers emphasize the
role of changing consumption, benefits, and labor taxes through the unemployment spell to
provide incentives to job-search. They also show that optimal policies provide substantial
insurance and increase welfare.

The UI policy has also been studied using the sufficient statistics approach since Baily
(1978). That paper proposes that the optimal UI should be set so that the utility loss due
to consumption drop upon unemployment equates the elasticity of the duration of unem-
ployment spell with respect to a balanced budget increase in Ul benefits and taxes. A series
of papers, Shimer and Werning (2007), Chetty (2008) and Landais (2015), extend this ap-
proach using search models of the labor market to identify marginal welfare gains and losses
of changing UI. After measuring costs and benefits with the U.S. data, they typically find
that the Ul system is close to the optimal or even that there are welfare gains of making it
more generous.

The UI system has also been evaluated through quantitative models of the labor market
with moral hazard, as in Hansen and Imrohoroglu (1992). Some of these papers find that the
US system is close to optimal, and they evaluate the welfare gains of introducing reforms, such
as introducing Ul savings accounts (Setty, 2017), conditioning UT to assets of the unemployed
(Koehne and Kuhn, 2015), to age (Michelacci and Ruffo, 2015), or to business cycle variables
(Schwartz, 2013). All of them suggest that UI provides relevant welfare gains.

There are several papers that analyze general equilibrium effects. They do so by intro-
ducing capital as a production factor. These articles argue that Ul imposes strong welfare
costs and provides little welfare gains, making it mostly useless or even harmful (Alvarez and
Veracierto, 1998, 2001; Young, 2004; Mukoyama, 2010, 2013; Popp, 2017). The main argu-
ment is that both assets and labor are reduced by UI, causing aggregate activity to decrease
(Young, 2004). Thus, once general equilibrium effects are taken into account, the induced
social costs of Ul are strong. It is worth noting that the sizeable impact of general equilib-
rium responses is not specific to Ul but is also present in any problem of public provision of
insurance, as in Krueger and Kubler (2006).

Unlike Krueger and Kubler (2006), the UI literature has mostly appealed to infinitely-
lived agents models. This choice has been used in Young (2004), which adds capital to Wang
and Williamson (2002), and finds that the reduction in aggregate activity outweighs the
insurance of UL Also, Mukoyama (2010, 2013) concludes that UI is not welfare enhancing

in GE. However, these two papers are still far from generating wealth dispersion that maps



to insurance needs.” Additionally, Young (2004) clearly shows that assets are very elastic,
both to Ul and to factor prices. These settings suffer from the same issues pointed out by
Engen and Gruber (2001), generating excessive crowding out of private savings. Birinci and
See (2022), in a general equilibrium setting, focuses on the heterogeneous responses to U,
dealing with many of the issues aforementioned, but their model omits capital as a production
factor, it does not include the life cycle behavior, and does not aim to identify an optimal

system.

2 The model

The economy is populated by a competitive firm, a continuum of workers, and the govern-
ment. At any time, workers differ in their age j € {1,2,3,...}, wealth level a, position on
the job ladder k € K, and their activity status i € {e,u, R}, where e denotes employed, u
unemployed and R denotes that the worker retired. For those unemployed, the duration of

the current unemployment spell is denoted by ¢ € W.

Competitive Firm The firm has access to a constant return to scale technology, F(K, H),
where K denotes physical capital and H denotes units of effective labor. The firm pays wage
w per unit of effective labor, rents capital at the rate r, and incurs a depreciation cost at the

rate d. The firm’s objective is to maximize profits,

max K*H'™® — (r + d)K — wH .

K,H

The firm’s first order conditions provide competitive prices: w = (1 — «) (%)a and r =
Kya—1
Workers Each period, a measure one of workers enter the labor market, with age j = 1.
Agents can work up to age 5 = T. At T a worker must retire, collecting pension Pw each
period while alive. Workers die stochastically with age-dependent probability 6(7). We
assume that 6(j) = d; for j < T and §(j) = g for j > T, which state that the death
probability is only age dependent while in working age. This assumption helps us to simplify
the value after retirement. Note that we are assuming retirement is exogenous at age 1. As
Costa (1998) and Bloom et al. (2007) show, the retirement age in the U.S., as in many other

2In Young (2004), wealth dispersion arises only from uninsurable employment risk, but wealth dispersion
is far below the observed. Mukoyama (2010) generates dispersion by introducing heterogeneous (random)
discount factors. Hence, wealth dispersion is the agents’ optimal choice, and uncorrelated with income shocks.



countries, has been continuously decreasing over the last century. Hence, our assumption is
conservative on capturing the effect of aging on savings.?

Let u(c, n, s) denote the utility function of a worker that consumes ¢, works a proportion
n € [0,1] of its time endowment, and exerts s € [0, 1] search effort to find a job. We assume

that u(c,n,s) takes the following form:

4 ((l_n)wclfuJ)l_U

T ifi=e,

1—w g 1—
ule,n,s) = (c A A=) T e s
(c,n,s) =< T Yo T if 1 = u,

—w l1-0o
(Cl—) if i = R,

\ 1—

with 73 > 1. The employed agent’s formulation is similar to the specification in Abdulka-
diroglu et al. (2002).

Movements through the job ladder are stochastic. The law of motion of x; is given by

K¢ if it = R,

K¢ if it = U,
Rty1 = . ey

ke + 1 with prob. x(n) if iy = e,

Ky with prob. 1 — x(n) if i, =e.

As a result, a worker can move up in the job ladder with positive probability only when she is
employed. The probability of moving up in the ladder, x(n), depends on the worker’s labor
intensity choice. Moreover, notice that x;,; > k;. That is, we are assuming that human
capital cannot depreciate. Each step in the job ladder is associated to a particular level of
human capital h(x), mapping steps  into units of effective labor. This implies that employed
workers receive a net labor compensation nh(x)w(1 —7). This is proportional to the effective
units of labor supplied to the firm, nh(x), and net of the tax liabilities 7, that are used to
fund the UI and pension systems.

We assume that with probability 1 — 7m; workers of age j are exogenously separated from

their jobs. After separation, workers become unemployed and receive insurance in the form of

3As Bloom et al. (2014) argue, as life expectancy increases there are two effects affecting the retirement
decision. On the one hand, workers can extend their working life to compensate the longer retirement, but
on the other hand, the increase in labor productivity that usually accompanies a longer life increases the
demand for leisure (income-wealth effect), which induces an earlier retirement. The net effect of living longer
on the retirement age is then ambiguous. Recent work, such as Shourideh and Troshkin (2017), however,
point to the dominance of the income-wealth effect, except for individuals in top income decile. Alternative
explanations of why agents do not retire older range from an increased female labor force participation, as
proposed by Borella et al. (2017). For a cross-section of countries, Bonfatti et al. (2019) discuss the binding
statutory nature of retirement in many countries.



a replacement ratio B(v)), where the dependence on 1 shows that the compensation scheme
depends on the duration of the current unemployment spell. Unemployed agents collect
B(¢)nh(k)w(l —T) as income, which depends on the average labor intensity in the economy,
n.t

We now describe the problem of retired, employed, and unemployed workers. Let V%(a)
denote the value function for a retired worker with current wealth a. Also, let V(a, ) denote
the value function for an employed worker of age j with current wealth a and accumulated
labor capital . Finally, let V}*(a, x,v) denote the value for an unemployed worker of age j
with current wealth a, accumulated labor capital x and current unemployment duration 1.

The problem of the retired worker. When retired, a worker finances her consumption

with her own past savings and transfers from the pension system. The pension benefits are
represented by a replacement ratio P. Thus, a retired worker’s value function V(a) solves
the following Bellman equation,

R
Vi) = s

ct+d=0+ra+Pw,ad>0,c>0.

+ B(1 — 6r)VE(a') ,subject to

It is immediate that consumption ¢ and the evolution of financial wealth a depend on the
current agent’s asset level. That is, ¢ = c®(a) and o' = a’'(a).
The problem of the unemployed worker. An unemployed worker’s value function V} (a, K, 1)

solves:

clf“’)l_g (1—s)t™
Vu = —
J (av’%vd}) I;I’l;,i’}s( 1—o Y0 ‘1_'71|

+ B(1-95) [3 je-i-l(alv K)+ (1 — 3)‘/}11(61/7 K, Y+ 1)]
s.t.
c+d =1+r)a+ B@)ah(k)w(l—7),d >0,¢>0,0<s<1,

for j < T. In the last period, the problem is slightly different because the agent knows that
at j = T she must retire. Thus, at j = T the objective function must be replaced with the

following,

@) g
vy - -
T(aﬂ"i?w) ICI’LZ}’)S( 1_0_ ’}/0 |1_r}/1|

+ B(1 = §;)VE(a).

4Linking the benefits to the average rather than the individual’s specific hours of the last job allows us to
simplify the computation, so that we do not need to keep track of one additional state variable. Given that
the number of hours worked are fairly constant, we still refer to B as the replacement ratio.



Notice that, since retirement is mandatory after at T, the optimal search effort choice is
0 at 7 = T. The solution to the unemployed agent’s problem is a set of policy functions:
c=cj(a,k,7), a' = aj(a,k,1), and s = sj(a, K, ).

The problem of the employed worker. For all 7 < T the employed worker’s value function

VE(a, k) solves:

+B(1 —5j)><

Vi (a, k) = max

{ (1= n)sei=)"™"

1—0

s D) (m3VEn (s 4+ 1)+ (1= ) Vi (a4 1,1))
+(1 - X(n)) (ﬂ—jv}e—i—l(a/? /ﬂ) + (1 - Wj)‘élil(a/a R, 1)):| }7
st. c+d=04+r)a+nh(k)w(l-71),d >0,¢c>0,0<n<1.

As with the unemployed worker, the employed worker knows at j = T that next period she
must retire. As a result, even though the constraint set remains the same, at age T the

employed worker’s objective function is given by

(L=n)<c=)""
Vi =
R

+B(1—6;)V"(a).

The solution to the employed agent’s problem is a set of policy functions: ¢ = ¢}(a, k), a’ =
a$(a, k), and n = n;(a, k).

The government. The government collects taxes and makes the necessary transfers to
sustain the Ul and pension systems. It does so by maintaining a balanced budget. This

implies that in each period the following government budget constraint is satisfied:

/Tnj(a, K)h(k)wX5(a, k)d(k x a X j) + /Th(/{)B(@Z))an;‘(a, Ky, 0)d(k X a X j X )

= /h(n)B(w)ﬁjo”(a, Kyap)d(k X a X j X 1) + Pw/XR(a)da.

where X*(a) denotes the measure of retired workers with wealth a, X¢(a,) denotes the
measure of employed workers of age j with wealth a in the job ladder step x, and X¥(a, x,))
denotes the measure of unemployed workers of age j, with wealth a who were in the job
ladder step x but have been unemployed for i) periods. Expressions for these measures are

available in Appendix C.



Stationary equilibrium. We focus on stationary equilibria to compare alternative poli-

cles.

Definition. Given a policy rule {1, B(1)), P}, a stationary equilibrium consists of factor
prices {w,r} and a set of measures {X"(a), X(a,k,1), X§(a,k)} ¥ j, a, K, ¥ such that,

agents maximize utility, and markets clear,

H= /h(ka)nj(a, k)X (a,k)d(j x a x k), (1)

K= /a [X7(a) + X(a, /) + X2(a, m, )] dj X a X £ % ) . @)

Notice that H in (1) is akin to the aggregate human capital in the economy. However,
it only includes the employed human capital, as there is always idle human capital, with
aggregate value [ h(k)X}(a,r,1)d(j x a x k x ). Also, notice that the measure of retirees’
assets and consumption do not depend on the agent’s age. This is due to the assumption

that after retirement the survival probability is constant.’

3 Calibration

We set a period in the quantitative model to represent a calendar quarter (13 weeks). We
assume that the starting age of an individual, i.e., j = 1, occurs at 23 years old, and we
set the compulsory retirement age to be 65 years old, so that T = 172. In the baseline
calibration we assume that all workers begin their life with no assets and a proportion 1 —m;
are initially unemployed. In Table 1 we present the calibrated parameters and functions. We
discuss the calibration exercise according to the respective parameter quantification method:
some parameters are directly imputed from exogenous sources, while other parameters are

quantified through an indirect inference procedure.

Imputation of parameters Following the literature we set the Ul system to provide a
replacement ratio of 0.5 for up to 2 quarters, i.e., two model periods.® That is, B(1)) = 1/2
if 0 <1 <2, and B(¢)) = 0 otherwise. We also follow the literature and set the capital share
of output « to 0.3 and the depreciation rate to d = 0.01.7

5Although we are not including the feasibility constraint in the equilibrium definition, by Walras’ Law if
(1) and (2) are satisfied, also does the feasibility constraint.

6This replacement ratio is within the typical values used, see Wang and Williamson (2002).

"Since we assume that agents do not leave legacy, assets in the hands of dying agents are lost, adding to
the depreciation, which adds up to 5% of total assets per year.



Table 1: Calibration of parameters and functions

Parameter/function Value How to calibrate Moment

Model Data

Imputed parameters

Capital share of output « 0.3 standard - -
Depreciation rate d 0.01 standard 0.05 annualf -
Death probability §(j) see Figure 8 Social Security data - -
Job keeping probability ; see Panel (c) of Figure 1 estimates from CPS data - -
Calibrated parameters
Discount factor 3 (0.96)1/4 capital to output ratio (2.7) 2.7 -
Labor disutility w 0.65 40-42 hours worked per week 0.34 0.34
Risk aversion o 3.86 risk aversion of retirees= 2 - -
Search cost: level p. o 0.27 avg. unemployment rate (2004-12) 0.068 0.068
Search cost: elast. p. v1 1.8 elast. of job-finding to benefits -0.32 -0.32
Human capital h(x) and x(n) see Figure Panel (a) of 1 returns to experience - -

Policy parameters in the calibrated economy

Ul system B 0.5 replacement ratio of UI to 50% - -
UI system 2 unemployment duration of 26 weeks - -
Pension system P 0.045 pension expenditures over GDP 0.068 0.068
Tax rate 7 0.124 Balance budget - -

Notes: The model period is set to 13 weeks. Total periods in the labor market 7" = 172. All workers are born with no assets
and no experience. Initially unemployed workers: 1 — 71 = 0.1233. 1 In the depreciation rate we compute also the lost capital
due to agents’ death in the model.

We impute the death probability J; using the 2007 United States survival probability
actuarial data collected by the Social Security Administration (see Figure 8).® Notice that in
our model we impose the same death probability dg for retired agents (with age above 65).
We compute 0z so that the expected lifetime at age 65 matches the empirical life expectancy
(17 years); this implies that g ~ 0.016.

Finally, we set the separation rate by age, 1 — 7;, from CPS data, and we depict these

rates in the left panel of Figure 1.7

Calibration of parameters by indirect inference. The remaining parameters are cal-

ibrated to replicate the U.S. economy. To calibrate [, we target the capital to GDP ratio.

8The data are available at www.ssa.gov/oact/STATS /table4c6.html

9This data was constructed by Robert Shimer. For additional details, see Shimer (2012) and his website
http://sites.google.com/site/robertshimer/research/flows. The same disclaimer applies for the job finding
rates, which we use later on to compute unemployment rates by age.
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Figure 1: Wages and employment: data vs. model
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(a) Wages (b) Unemployment (c) Separation rate (d) Job-finding rate
Notes: For panel (a), the red (dashed) line is the non-parametric estimate of the returns to experience (see Appendix
B.1), while the blue (solid) line is the profile of wages implied by the model. For panel (b), the red (dashed) line is the
unemployment rate by age in the data, as implied by the CPS job finding and job keeping rates, and the blue (solid) line
is the unemployment rate by age implied by the model. Panel (c) reports separation rates as exogenously calibrated in
the model (Shimer, 2012). The blue solid line in panel (d) reports the calibrated average job-finding rate by age; the red
dashed line is the average job-finding rate by age if benefits were to increase by 10 percentage points; the black dotted
line is the same profile in the calibrated model, but if potential duration were to be extended one additional quarter.

For risk aversion o we match the risk aversion of retirees to the standard value of 2.!° For the
labor disutility parameter w we aim to match the proportion of hours worked. McGrattan
and Rogerson (2004) provides that individuals between 23 and 65 years old work between 40
and 42 hours a week, so our target for the proportion of time spent working is 0.34.

For the job ladder K, human capital h(x), and x(n) we do the following. To maintain
tractability, we assume that the job ladder is composed of 10 steps so that K = {1,2,3, ..., 10},
and that: x(n) = x if n > 1/6 and x(n) = 0 otherwise, so that an employed worker needs
to work the equivalent to at least 4 hours per day to have a positive probability of climbing
one step in the ladder. Once above this threshold, the probability of moving up is constant
and independent of both n and . Each step in the ladder is associated with effective human
capital h(k). We calibrate h(x) and y jointly by matching the empirical wage-experience
profile that arises from a standard regression using NLSY 1979 (see Appendix B.1). We use
the first 8 steps of the ladder to match the empirical human capital function (with experience
levels that range from 1 to 35 years) and the last 2 steps to extrapolate the ladder up 42 years
of experience (so that the experience levels span the entire working life). Furthermore, the
calibration exercise implies that ¥ = 0.088. In Panel (a) of Figure 1 we plot the estimated
wage-experience profile and the one resulting from the calibration.

In order to calibrate the search cost parameters 79 and v, we target, (i) an average
unemployment rate of 6.8%, the average from 2004 to 2012 in the U.S., and (ii) an elasticity
of job-finding rate with respect to Ul of -0.32 (Landais, 2015). The elasticity of job-finding

10Note that with our utility function specification, the relative risk aversion (RRA) is 1 — (1 — o)(1 — w),
from where, given RRA and w, can be used to back out o.
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rate with respect to Ul is a crucial component for the analysis of a Ul system according to
the sufficient statistic literature (Chetty, 2008). In the model, we measure the elasticity as
the partial effect of a change on benefits. To be precise, we change only the benefit level
(B), while keeping taxes and other general equilibrium variables constant. We do this to
isolate the effect of benefits in the job-finding rate, and closely connect with the empirical
literature that compares workers unemployment duration with different UI levels, but with
otherwise similar environments.!! We obtain vy = 0.27 and ; = 1.8. The Panel (b) of Figure
1 presents the unemployment rate by age constructed using the job keeping probability and
job finding probability implied by the data and the model.

4 Results

In this section we present the main results of the paper. We first show how the model
performs in non-targeted moments and then we present the welfare evaluations of alternative
unemployment insurance policies.

While not targeted in the calibration process, the quantitative model closely matches
the unemployment rate by age (Panel (b) of Figure 1). The unemployment rate by age is
generated by exogenous separations and endogenous finding rates that vary with age. Panel
(c) of Figure 1 presents the separation rate by age. This rate is close to 12% for those at
the beginning of their working life, and rapidly decreases to below 4%. Thus, unemployment
risk mostly affects young workers. The solid blue line in Panel (d) presents the job-finding
rate by age. At the beginning of their working life, unemployed workers exert high effort in
finding a job. This occurs for two reasons. First, since young workers are poorer than older
workers, they have stronger motives to find a job. Second, young workers exert effort to find
a job so as to increase their human capital. At the end of working-life the job-finding rate
drops because workers are about to retire, which decreases the value of finding a job.

To understand the response of the job-finding rate to changes in unemployment benefits,
in Panel (d) of Figure 1 we also plot counterfactual rates with alternative replacement ratios
and durations. The red dashed line depicts the job-finding rate when the replacement ratio
is set 10 percentage points higher. This higher transfer reduces the incentive to search for
workers of all ages. The effect of the change in the policy is more pronounced in older
workers. In fact, the elasticity of the job-finding rate with respect to benefits in our model is
smaller for younger workers than for older ones. This feature has been documented elsewhere

(Michelacci and Ruffo, 2015), and arises naturally in a life-cycle setting. The dark dotted line

"For example Landais (2015). For additional details regarding the procedure for calibrating this function
see in Appendix B.2.
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Figure 2: Income and consumption through the life-cycle
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Notes: Panel (a) reports average labor income of employed workers and average UI compensation of unemployed workers,
by age, in the calibrated model. Panel (b) reports the average consumption level of employed and unemployed workers
by age. The right panel presents wealth over labor income by age. The blue solid line reproduces the level of assets by
age reported as a ratio over the annual labor income in the model. The red dashed line reports the per capita net worth
by the age of the head of household over the overall annual labor income from the Survey of Consume Finance, 2007.

shows the job-finding rate by age when Ul potential duration is extended one model-period.
Again, the job-finding rate falls sharply and the decline is larger for older workers.

Employed workers earnings peak at age 45 (Panel (a) of Figure 2). For young workers,
incentives to accumulate wealth and build human capital imply increasing labor income pro-
files by age. For older workers, the pattern reverses, as older workers have accumulated more
human capital and wealth. A similar pattern, although less pronounced, is observed for the
unemployed. The pattern is more muted as unemployment insurance only provides income
for up to 2 periods, but unemployment duration increases strongly with age. Although la-
bor income profiles present an inverted u-shaped pattern, Panel (b) of Figure 2 shows that
consumption profiles are increasing in age. At any given age, there is a gap in average con-
sumption between employed and unemployed. This showcases the fact that unemployment
shocks cannot be completely insured: unemployment shocks have long lasting consequences
on workers, which manifest in their consumption choices.

Workers self-insure against unemployment shocks using their wealth. Panel (c) of Figure
2 plots wealth divided by labor income. Although not a target in the calibration exercise,
the quantitative model closely reproduces the pattern observed in the data (net worth from
the Survey of Consumer Finances, 2007). The model also reproduces most of the observed
wealth inequality. It implies Gini coefficients for assets distribution of 0.68 and 0.37 for
earnings (see Figure 9 in the Appendix). Empirically, the Gini coefficient for wealth has
been estimated to be around 0.75 to 0.80, and for earnings around 0.40 to 0.45 (Castaneda et
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al., 2003).'? Given that unemployment insurance is more relevant for those with low wealth,
matching the left tail of the wealth distribution is important. Table 2 reports the wealth
distribution relative to labor income for employed and unemployed workers, comparing the
calibrated economy with the data.'® The model performs fairly well in matching the total
wealth distribution.'* Moreover, this calibration generates a substantial measure of liquidity
constrained unemployed workers: around 67% of workers can completely replace their labor
income with their savings during a typical unemployment spell. This fraction lies between
those observed in the data: 75% if total wealth is considered, and around 50% if only liquid
assets are taken into account (Gruber, 2001).

Relatedly, the elasticity of wealth with respect to unemployment insurance benefits is an
important object in the model. While empirical estimates on this elasticity are scarce, Engen
and Gruber (2001), using 1984-1990 data from SIPP, report that increasing the replacement
ratio 10% would lower broad asset holdings of employed workers by only 0.4%, implying
an elasticity of -0.04. We find this same elasticity in our baseline model when we consider

aggregate capital.

Measuring changes in welfare We follow the literature and evaluate welfare at birth,
W= (1—-u)VE0,1) +u V*(0,1,1) ,

where V}° and V|* are the value functions of employed and unemployed workers at age 1
and wu; is the proportion of unemployed workers at the beginning of their working life. We
report welfare changes in terms of consumption-equivalent variation, C’ E'V', measured as the
percentage change in consumption at all future dates and states required to make the worker

in the benchmark economy indifferent to the reformed economy in steady state. That is,

CEV = (WF/WE) == _ 1

12The main area where we fail is in the upper tail of the distributions, top 1%. Income and wealth
distributions for the top 1% are mainly driven by entrepreneurs, and thus highly dependent on heterogeneous
returns to investments (Cagetti and De Nardi, 2006). Since our focus is on labor income earners, we consider
this discrepancy as not relevant.

13We consider the wealth of the unemployed at the beginning of their unemployment spell, which we do
so to abstract from unemployment duration components, and compare with results by Gruber (2001) that
restricts the sample to those that are displaced during the SIPP panel (after the first interview and before
the second), which results in an undersampling of long spells.

4Part of the literature argues that the relevant savings to hedge unemployment risk are liquid assets
(Gruber, 2001; Chetty, 2008). However, we believe that this is a lower bound for the achievable insurance.
Other, less liquid, assets can serve the same purpose. They can either signal good credit worthiness or being
directly used as collateral. Moreover, if the unemployment spell is sufficiently long the agent can always
reduce its holdings of less liquid assets. If these options were not available, our quantitative model would be
somewhat overstate the workers’ self insurance possibilities.
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Table 2: Wealth distribution: asset holdings relative to annual labor earnings

Unemployed Employed
Model Data Model Data
financial total financial total
(1) (2) (3) (4) (5) (6)
10th pctile  0.02 0.00 0.00 0.10 0.01 0.06
25th pctile  0.22 0.01 0.20 0.72 0.05 0.63
50th pctile  1.31 0.10 1.85 2.39 0.20 2.36

Notes: The table reports the distribution of assets relative to pre-unemployment net labor earnings for the unemployed
(columns (1) to (3)) and relative to current net labor earnings for the employed. (columns (4) to (6)). In the model,
the wealth of the unemployed is measured at displacement. Data is from SIPP 1984-1992 panels as reported by Gruber
(2001). Financial assets include interest earning assets in institutions, equity, mutual funds, bonds and checking accounts.
Total assets adds retirement savings accounts, homes, vehicles, and personal businesses, and subtracts unsecured debt.

where WP is the welfare in the benchmark economy—the economy under the optimal Ul
system— and W7 is welfare under an alternative policy. As a result, C EV measures the
welfare losses of a particular policy relative to the optimal one.

We also perform a decomposition of welfare losses. For that purpose, we first consider
(i) an increase in benefits, (ii) the corresponding increase in taxes that balance the budget
in partial equilibrium (PE), and (iii) the effect of changing prices. In this last step, we
change taxes accordingly to balance the budget in general equilibrium (GE). The increase
in benefits would be welfare improving, the change in taxes is welfare decreasing, while the
induced change in prices is the GE effect with an ambiguous welfare effect. In each of these
steps, we consider all the behavioral responses associated to all the shocks.

Let WYE(By) be the welfare evaluation of the [By(1); o] UI policy in GE.'® As a
result of the solution to this economy, a set of endogenous variables (7$F, n§?, w§?, r&F)
are generated. Let Py = {wy, o} be the price vector and WTE(By; Py) be the solution and
welfare evaluation of the same policy in partial equilibrium, using factor prices Fy. From
this solution, fiscal variables FI'f = {7'F nlF} are endogenously determined to balance
the budget. Finally, let WPE (Bo; Po, Fy) be the solution of the problem under the same Ul

policy in PE, but without imposing a balanced budget. In this case, taxes and average hours

5Note that in the notation W% (By) we have skipped the dependency of B on . We do this to avoid
cluttered notation. Nevertheless, the reader should keep in mind that a different B could be either a change
in replacement ratio, in potential duration or in both.
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worked are inputs to the problem. The decomposition rests on the following identity,
WEE(By) = WPE(By; PEP) = WP (By; PFF, FEP)

In words, if we evaluate the unbalanced partial equilibrium economy using the endogenous
variables that arise in general equilibrium (such as tax rate, average hours worked and factor
prices), we obtain the same results and, thus, the same welfare evaluation as in GE. The

decomposition of the welfare gain due to a change from By(¢)) to Bi(1) can be written as,

benefits effect

WEE(By) — WEE(By) = WPE(By; PGP, FGP) — WPP(B,; PG¥ FGF) (3)
tax/c;ffect
+ WPE(Bl;POGE,FlPE) _ WPE(BBPOGE,FOGE)

price effect
-

+ WP (By; PEP, FEP) — WPP(By; PEP, FPP)

As a result, the total effect of the policy change in general equilibrium can be decomposed

as the sum of three different partial equilibrium effects: the benefits, tax, and price effects.

Welfare effects of UL We evaluate welfare in steady state.' We first optimize over the
duration and replacement ratio, and then compare alternatives to this optimal benchmark. In
what follows, we mainly focus on exercises with UI duration of at least two model periods. The
reason is that in the model the first period is a transfer to all separated workers, independently
of the extension of the unemployment spell. Thus, the first period transfer is similar to a
severance pay beyond its unemployment insurance component.

Panel (a) in Figure 3 presents the CEV of alternative Ul policies relative to the welfare
maximizing system. It prescribes a replacement ratio of 63% and a potential duration of
2 model periods (six months), which is relatively close to the calibrated economy. The UI
system provides important welfare gains: eliminating the UI system completely reduces the
CEV by 5%. In addition, UI systems that are overly generous are highly undesirable. For
example, a Ul system with a replacement ratio of 150% with a maximum duration of 6
periods (18 months) reduces the CEV by 16%.

Table 3 shows the effect of further increasing the generosity of Ul from the welfare maxi-

mizing system on several variables. Column (2) shows the effect of increasing the replacement

16To make sure that we are not identifying a critical point that is not a global maximum, we compute
welfare for a grid of many combinations of replacement ratios and potential duration, and present the general
results identifying the welfare maximizing policy.
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Figure 3: Consumption equivalent welfare effects of Ul
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Notes: Panel (a) plots the general equilibrium consumption equivalent value (CEV) of alternative UI policies relative to
the welfare maximizing Ul system (63% replacement ratio and 2 model periods). Panel (b) sets potential duration to two
model periods and varies the replacement ratio, both in general and partial equilibrium.

ratio by 10 percentage points. Taxes increase considerably. Physical Capital decreases by
1% and human capital by 0.8%. The increase in the generosity of the Ul system implies an
important decline in search effort (5%) and thus an increase in unemployment. Moreover,
there is a small reduction in wages and a very small increase in the interest rate. Column
(4) shows the effect of increasing potential duration to 3 model periods. Qualitatively, the
effects are similar but they are quantitatively stronger. In particular, capital K decreases
twice as much as human capital H, but changes in factor prices are still small. In fact, in our
setting, factor prices generically vary little with changes in the Ul system around the optimal
policy.!” This is an important departure from the macroeconomics literature on optimal Ul
system that find large general equilibrium effects. A direct implication of small equilibrium
effects is that alternative Ul systems should provide similar welfare in general and partial
equilibrium. For example, Panel (b) in Figure 3 fixes maximum duration % to two model pe-
riods and varies the replacement ratio B(v), and shows that the CEV in general and partial
equilibrium are very similar to each other, and so is the welfare maximizing policy in both
cases. Column (3) in Table 3 complements this analysis, showing how aggregate variables
vary with the change in policy in partial equilibrium. The comparison of columns (2) and
(3) shows that aggregate variables look very similar. Panel (¢) in Figure 3 shows the same
pattern, but fixing the replacement ratio to the calibrated one and varying the maximum
duration.!®

Table 4 complements the previous analysis by performing the welfare decomposition de-

17See Figure 10 in the Appendix, for a more thorough analysis of the effects of changes in the UI system
on equilibrium objects.
18The comparison of columns (4) and (5) in Table 3 complements the analysis.
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Table 3: General and partial equilibrium effects of changes in the Ul system

Initial Change in B(¢)) Change in ¢
GE PE GE PE
nm @ B @ ©
Replacement level, B(y))  0.63 0.73 0.63
Potential duration, 1 2 2 3
Change in % from the benchmark
Tax rate, T 0.133 6.1 6.1 119 119
Capital, K 171.59 -1.0 -1.5 -2.9  -4.3
Labor, H 5.87 -0.8 -0.8 2.4 -23
Search, s 0.65 -5.0 -5.0 -18.6 -18.7
Unemployment 0.07 5.3 5.3 28.1  28.1
K/H 29.22  -0.2 -0.8 0.5 -2.1
Wage, w 1.927 -0.1 - -0.1 -
Interest rate, r 0.018 0.1 - 0.0 -

Notes: The table reproduces the effects of changing UI system in 10 percentage points of replacement ratio B(%)) (columns
(2) and (3)), and one model period of potential duration ¢ (columns (4) and (5)) from the welfare maximizing UI system.
GE: general equilibrium. PE: partial equilibrium.

Table 4: Decomposition of welfare gains

Benchmark Change in UI

B(yp) ¢
Replacement ratio, B(v)) 0.63 0.73 0.63
Potential duration, 2 2 3

Total welfare gains w.r.t. benchmark, CEV in %

General Equilibrium (GE) -0.09 -1.25
Partial Equilibrium (PE) -0.06 -1.13
Total Welfare Difference, GE-PE (price effect) -0.03 -0.12
Benefits effect 0.87 0.61
Tax effect -0.93 -1.73

Notes: The table reproduces the welfare decomposition of changing Ul system in 10 percentage points and one model
period from the welfare maximizing Ul system. Welfare gains are decomposed according to equation (3) and transformed
to CEV.

scribed in equation (3). The last two columns correspond to an increase in the replacement
ratio of 10 percentage points and the increase in potential duration of one model period,

respectively. The increase in the replacement ratio decreases the CEV by 0.09% in general
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equilibrium and by 0.06% in partial equilibrium. The decomposition shows that welfare
changes are mostly explained by the direct effect of transfers—the benefits effect—and its
implications for tax policy. Interestingly, the general equilibrium effects that follow from
the price change are small, and adds little to explaining the differences between general and
partial equilibrium effects. The increase in potential duration provides similar results, but
multiplied by more than an order of magnitude. The welfare effects are stronger, leading to
an overall welfare loss of 1.25% in GE and 1.13% in PE, with a price effect of -0.12%. The
stronger effects of increasing the potential duration of the Ul system are due to a signifi-
cantly larger elasticity of the unemployment rate to changes in duration than to changes in
the replacement ratio. As shown in Table 3, an increase of 16% (10/63) in the replacement
ratio increases unemployment by 5.3%), so that the elasticity is around 1/3. Instead, the 50%
(1/2) increase in potential duration rises unemployment by 28.3%, implying an elasticity of
almost 0.6. Since the gains due to insurance are similar, 0.9% vs. 0.6%, the larger increase

in taxes required to finance the Ul system generates a substantially larger welfare loss.

5 Savings and the optimal Ul system

The previous section shows that the welfare maximizing Ul system in general and partial
equilibrium are similar, which is due to the small price effect. As seen in Table 3, this is
a consequence of the low sensitivity of the capital-labor K/H ratio. In this section, we
illustrate how different elements that affect the way agents react to incentives to accumulate
wealth play a crucial role in determining the sensitivity of the capital-labor ratio. We do so
by analyzing variations of the benchmark economy. First, we emphasize the role of life-cycle
motives by comparing the baseline economy with an alternative where all life-cycle features
of the economy are turned off. We use this comparison to discuss the relevance of the wealth
distribution and the elasticity of aggregate capital with respect to Ul benefits. Second, we
highlight the relevance of the Ul system on the workers’ incentives to save and work. We do
so by studying different taxation schemes, as savings rates strongly depend on how the UI
system is funded. Here, we also show that the sign of the general equilibrium (price) effect
can be positive or negative. As a result, whether the general equilibrium setting suggests a

more generous Ul system than in partial equilibrium crucially depends on workers incentives.

5.1 DMotive to save: the relevance of life-cycle

We show that a fundamental feature of our environment is the way workers save over their

life-span to smooth the intertemporal consumption. To showcase this, we use a standard
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Hugget-Aiyagari economy with infinitely-lived agents. By contrasting the results in both
models, we argue that the life-cycle profile of savings provides a natural setup to replicate
the liquidity constraints of the unemployed.

Specifically, consider an infinitely-lived worker without human capital accumulation or
any time-dependent variable. In this setup, there are no pensions, so taxes only finance the
UI system. When working, the agent faces a constant rate of separation, 1 — 7 = 0.044.°
We additionally recalibrate the discount factor, the utility of leisure, and the search cost
parameters to match the same moments as in the benchmark economy.?"

In the calibrated economy the welfare maximizing UI policy implies a replacement ratio
close to zero for two model periods, in line with Young (2004) and Mukoyama (2013). In
this environment, the Ul system does not provide much insurance beyond what agents can
achieve by self-insuring. The potential welfare gains of moving from the current UI system
to the welfare maximizing policy are approximately 0.17% CEV. This is true not only in
general equilibrium, but also in partial equilibrium. When we keep the prices fixed at the
initial level, we find that the welfare maximizing policy is the same as the one in general
equilibrium. To be concise, we skip the details, but in Appendix G.1, Figure 11, we show
the detailed welfare effects, in general and partial equilibrium, Panel (a), and we show that
the same is true if we optimize over the potential duration, Panel (b).

Tables 5 and 6 summarize the changes in the relevant aggregate variables and the welfare
decomposition, respectively; when the replacement ratio increases by 10 percentage points
above its welfare maximizing level. In both cases, we reproduce the benchmark results from
Table 3. We make two observations using these results. First, there is close to a one-to-
one substitution between the public UI and self-insurance (by accumulating assets), which
is absent in the life-cycle economy. Second, and due in part to this last effect, the Aiyagari
economy exhibits a substantially larger reaction in prices than the benchmark economy.

Panel (a) of Figure 4, shows the wealth distribution of unemployed workers at the moment
of separation, both for the life-cycle and infinitely-lived economies. In the life-cycle economy,
more than 44% of unemployed workers have little or no wealth at the beginning of the
unemployment spell. With infinitely-lived workers this proportion is approximately 1%.
Moreover, with infinite lives the mode is about three years of average labor income, well

above what is necessary to finance a typical unemployment spell. In the Aiyagari economy,

19This number is consistent to the average monthly layoff and dischargers in JOLTS from 2004 to 2012
(the same period for which we compute the calibrated unemployment rate of 6.8%).

20For that purpose we use indirect inference, where the targets are the capital output ratio of 2.7, the
proportion of time spent at work of 0.34, the unemployment rate of 6.8%, and the elasticity of job-finding
rate to UI level of -.32, the same targets of our baseline economy (see Table 1). We get 8 = (0.92)'/4,
w = 0.636, 79 = 1.46, and v; = 1.64. The simplified economy generates an elasticity of job-finding rate of
-.12. See Appendix E for a complete presentation of this model and its calibration.
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agents self-insure effectively against unemployment risk. Thus, this implies little welfare
value of UI, and any increase in Ul benefits, only leads agents to reduce savings (Column (3)
of Table 5), without any direct impact on welfare (Column (2) of Table 6). The necessary
increase in labor taxation to finance the more benevolent system has a negative direct impact
on welfare, which is more important than the muted welfare gains of Ul, leading to a lower
welfare in partial equilibrium. However, the reduction in savings increases the interest rate
and attenuates the substitution between public and private insurance (Columns (3) and (4)
of Table 5), inducing a positive welfare effect (Column (2) of Table 6).

These observations highlight the two central features of the Hugget-Aiyagari environment
that sharply distinguish it from the life-cycle economy. First, the implied asset distribution
exhibits virtually no asset-poor workers, as agents accumulate substantial precautionary sav-
ings prior to unemployment. Second, savings respond very elastically to changes in unem-
ployment insurance, generating large movements in aggregate assets and in the capital-labor
ratio. Both features emphasize that understanding savings behavior becomes central for
interpreting the welfare effects of UL

An important driver of these results is that agents have infinite time to adjust their
asset holdings, in both the partial and general equilibrium exercises. This is implicit in the
calculation of welfare gains, which is performed with the equilibrium stationary distribution
under each policy. We could alternatively analyze the policy change from the perspective of
the agents at the moment in which the policy change is implemented. For this reason, in
Column (3) of Table 6 we re-computed the welfare decomposition maintaining the distribution
at the time of the policy change. Then, the direct effect of the more benevolent UI transfer
acts in the desired direction, making a positive contribution to welfare. However, now the
price effect turns strongly negative, surpassing the positive contribution of the direct UI
contribution—this is the second observation we noted above.

Overall, this exercise shows the reason why the Ul has been found to be suboptimal
in settings with infinitely-lived workers. It is not per se due to general equilibrium effects,
as those are also present in the economy with life-cycle considerations. Rather, what is
relevant is that in the infinitely-lived economy workers are able to self-insure quite well, both
in partial and general equilibrium. In turn, the large substitutability between private and
public insurance, and the implied strong response of aggregate capital, generates a sizable

effect on prices that can make the general equilibrium effect even worse.
Heterogeneous discount factors The previous analysis highlights the relevance of the

wealth distribution. However, notice that the standard infinite-lives setting model fails to

generate an empirically relevant distribution of assets (Panel (a) of Figure 4). One may

21



Figure 4: Welfare effects of UI with infinitely-lived workers
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Notes: Panel (a) represents the distribution of assets relative to average annual labor income of the unemployed at
the beginning of their spell, comparing the benchmark economy with the alternative infinitely-lived agents economy and
homogeneous discount factors. Panel (b) is analogous to Panel (a) but with heterogeneous discount factors.

Table 5: Aggregate outcomes with infinitely-lived workers

Benchmark Inf. lives: hom. S Inf. lives: het. 3
GE PE GE PE GE PE

Replacement ratio, B(¢)) 0.63 to 0.73 0.01 to 0.11 0.05 to 0.15
Potential duration, 1 2 2 2

Change in % from the benchmark

OGN C)) (4) () (6)

Capital, K -1.0 -1.5 -1.36 -3.33 -1.19 -3.16
Labor, H -0.8 -0.8 -0.39 0.07 -0.41 0.00
Search effort, s -5.0 -5.0 -0.04 -0.01 -0.00 0.01
Unemployment 5.3 5.3 0.04 0.00 0.01 -0.00
K/H -0.2 -0.8 -097 -3.40 -0.79 -3.17
Wage, w -0.1 - -0.29 - -0.24 -

Interest rate, r 0.1 - 1.08 - 0.87 -

Notes: The table reproduces the effects on endogenous variables of changing UI system by 10 percentage points from
the welfare maximizing UI system. GE: general equilibrium. PE: partial equilibrium.

wonder if the implications of the infinitely-lived agents economy would change with an em-

pirically relevant distribution. To address this issue we extend the infinitely-lived workers

model to allow for heterogeneous discount factors.

Specifically, we introduce two types of workers, with low or high discount factors, §; and

B, respectively. The measure of workers in each type is the same, and there is an exogenous
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Table 6: Welfare gains decomposition of an increase in B(v) of 10 pp.

Benchmark Inf. lives: homogeneous Inf. lives: heterogeneous (8
(1) (2) (3) (4) (5)
Stationary dist. Initial dist. Stationary dist. Initial dist.
General Equilibrium -0.90 -0.35 -1.24 -0.16 -1.00
Partial Equilibrium -0.63 -1.20 0.33 -1.15 0.71
Price effect -0.26 0.85 -1.56 0.98 -1.71
UT effect 8.74 -0.02 1.24 -0.06 1.54
Tax effect -9.29 -1.18 -0.91 -1.08 -0.83

Notes: the table reproduces the decomposition of welfare effects of changing the UI system in 10 percentage points from
the welfare maximizing UI system. Welfare gains are reported as CEVx1000 from benchmark. Welfare is computed using
the initial distribution of workers in columns (1) and (3) or using the stationary distribution in columns (2) and (4).

probability of changing types. We calibrate these discount factors to maintain the aggregate
capital-output ratio and to generate an initial distribution of assets among the unemployed
similar to the one in our baseline calibration. We consider this target more adequate for our
purposes and more comparable to our baseline economy than the Gini of the overall wealth
dispersion. We, then, set 8; = (0.5729)/4 and £, = (0.9567)'/4.2! Panel (b) of Figure 4 plots
the wealth distribution for the unemployed workers at layoff and compares it with that of the
baseline life-cycle economy. In this case, the proportion of laid-off workers with little wealth
is comparable to our baseline.

Columns (5) and (6) of Table 5 show the effects of increasing the replacement ratio 10
pp. from the welfare maximizing level. The results are very similar to the homogeneous [
environment: strong reduction of aggregate capital and more muted reaction of aggregate
labor, and also similar price effects. Analogously, Columns (4) and (5) of Table 6 provide the
decomposition of welfare gains when the replacement ratio increases 10 pp from the welfare
maximizing replacement ratio. As with aggregates, we find similar effects in both versions of
the economy with infinitely-lived workers.

The key element generating the similarity in the results is that the elasticity of assets to
Ul is still very high. A high elasticity of capital implies that any reduction in benefits induces
a strong response on savings, and shifts the distribution of assets to the right. This response
would be lower for agents with relatively low 3, but higher for agents with relatively high .

Overall, the two effects almost cancel, as can be seen by comparing Columns (5) and (6) with

21Relative to the infinitely-lived worker economy with homogeneous discount factor, this extension gen-
erates similar aggregate targets, such as capital-output ratio, unemployment rate, hours worked, and the
elasticity of job-finding with respect to Ul level.
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(3) and (4) in Table 5. A second point to emphasize is that although some agents respond
less to the more benevolent Ul, they also value less future transfers. Thus, a low discount
factor reduces the welfare effects of future conditional transfers such as Ul: from the point of
view of an impatient employed worker, Ul has little value.

In a nutshell, while adding heterogeneous discount factors generates a wealth distribution
that resembles the data, it also directly alters the valuation of UI. In particular, it produces
a large mass of workers with little or no wealth. But these workers are characterized by low
discount factors, which lead them to place little value on future consumption. Therefore,

they attach limited value to the insurance provided by the UI system.

5.2 Capital-labor ratio responses

Partial and general equilibrium effects are similar in the life-cycle setting because the re-
sponse of the K/H ratio is limited. This is due to the fact that physical capital and human
capital adjust proportionally after changes in UI generosity. For example, an increase in the
replacement ratio reduces search and labor supply, while higher taxes required to finance the
policy affect savings. In the calibrated economy, these adjustments turn out to be approx-
imately proportional. Since prices depend on the capital-labor ratio, and only on it, they
remain approximately constant.

To better understand the consequences of the stability of the capital-labor ratio we analyze
the implications of financing the Ul system with alternative taxation schemes that have
a larger impact on the ratio. We consider two alternatives. First, we consider the case
where expenditures are financed 80% by proportional taxes to labor income and 20% by a
tax on capital income, 7. This system generates a direct impact on capital accumulation.
Second, we consider the case where expenditures are financed 50% by proportional taxes to
labor income and 50% by a lump-sum tax at the end of working life, 7, up to a maximum
(equivalent to half of the assets at the end of working life). Lump-sum taxation directly
reduces the impact on the labor decisions and it provides incentives to save more during the
active years.

Figure 5 shows the capital-labor ratio as the replacement ratio B(v) varies, holding fixed
Y at two model periods. Panel (a) presents the baseline economy, panel (b) presents the case
with capital taxes, and panel (c) the case with lump-sum taxation. In all cases, the solid blue
line is the general equilibrium response, and the red dotted line is the partial equilibrium
outcome. There is a clear contrast between the three cases. The capital-labor ratio is almost
invariant to changes in B(¢) in the baseline economy, decreases in B(¢)) in the economy with
capital taxation, and increases in B(t)) with lump sum taxation. Also note that in all cases

the partial equilibrium response is more pronounced than in general equilibrium.
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Figure 5: Capital-labor ratio under different tax arrangements
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Notes: Equilibrium capital-labor ratio from changing replacement ratio, fixing potential duration to two periods. Panel
(a) is baseline economy, panel (b) is the extension with capital tax, and panel (c) the extension with a lump-sum tax.

Figure 6 presents the CEV relative to the optimal policy under the three different funding
schemes, and Table 8 performs the same welfare decomposition as in Table 4. In all cases,
the optimal maximum duration is two model periods. The figure presents the CEV in PE
(dotted red line) and in GE (solid blue line). In the baseline economy, PE and GE evaluations

are almost indistinguishable, delivering almost the same optimal replacement ratio.

Figure 6: Welfare effects of Ul replacement ratio under different tax arrangements
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economy (B(3) = 0.5 and ¢ = 2). The PE, line is the CEV in PE with prices fixed to the optimal policy, B(y) = 0.63
in Panel (b) and B() = 0.88 in Panel (c).
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In Panel (b) of Figure 6, Ul financing by capital taxation has a strong effect reducing
savings, far beyond the effect in human capital accumulation. The lower K /L ratio generates

an increase in the interest rate and a reduction in wages; this can be seen in Columns (3)
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Table 7: General and partial equilibrium effects of an increase in replacement ratio of 10
pp from the optimal level, under different tax arrangements

Variable Baseline Capital tax Lump-sum tax

GE PE GE PE GE PE
O @ 6 @ 6 (6)

Replacement ratio 0.63 to 0.73 0.63 to 0.73  0.88 to 0.98

Pot.duration 2 2 2
Change in %

Capital K -1.0 -1.5 -1.6 7.0  -0.8 0.8
Human cap. H -0.8 -0.8 -0.8 0.2 -14 -1.5
Search s -5.0 -5.0 -4.8 4.7 -14.7 -14.7
Unemployment 5.3 5.3 5.2 5.1 108 10.9
Ratio K/H -0.2 -0.8 -0.8 -6.8 0.6 2.4
Wage w -0.1 0.0 -0.2 0.0 0.2 0.0
Int. rate r 0.1 0.0 1.0 0.0 -0.7 0.0

Notes: The table reproduces the effects of changing Ul system in 10 percentage points from the welfare maximizing
system for the baseline economy (columns (1) and (2)), for the extension with capital tax (columns (3) and (4)) and for
the extension with a lump-sum tax (columns (5) and (6)).

and (4) of Table 7. Since the agents valuing the most the more benevolent Ul system are
those with low assets, the potential increase in r has little impact, while the drop in the
wage makes them definitely worse off. Thus, the GE price effect makes a strong negative
contribution, as can be seen in Column (2) of Table 8: the PE approach, which ignores the
price effect, prescribes a more generous system.

When the Ul is partially funded with lump-sum taxes at the end of the working life,
Panel (c) of Figure 6, the increasing K/H ratio reverses the direction of changes in prices:
the interest rate falls and the wage increases, as shown in Column (5) of Table 7. Asset
poor agents are unaffected by the lower returns on assets, but certainly benefit from the
increase in human capital return, leading to a positive contribution to welfare of the price
effect—Column (3) of Table 8. In this case, the GE approach prescribes a more generous Ul
system.

The clear pattern that emerges is that with a decreasing K /H ratio the optimal Ul system
in partial equilibrium is more generous than in general equilibrium. The opposite is true when
the K/H ratio is increasing. All in all, the larger the response of the K/H ratio, the lager
the discrepancy between the partial and general equilibrium approaches.

To emphasize that it is the price changes, and not the levels, what causes the discrepancy,
in Figure 6, panels (b) and (c), reproduce two PE welfare evaluations. The first, labeled PE.,
uses factor prices of the calibrated economy. The second, labeled PFE,, uses factor prices in

the welfare maximizing GE replacement ratio. An important feature of these two PE welfare
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Table 8: Welfare gains decomposition of an increase in replacement ratio of 10 pp from the
optimal level, under different tax arrangements

Baseline Capital tax Lump-sum tax

(1) (2) 3)

Total welfare gains (CEV x 1000) w.r.t. benchmark

General Equilibrium -0.90 -0.98 -2.45
Partial Equilibrium -0.63 0.79 -3.54
Price effect -0.26 -1.78 1.09
UI effect 8.74 8.49 9.07
Tax effect -9.29 -7.57 -12.38

Notes: The table reproduces the welfare decomposition of increasing UI replacement ratios in 10 percentage points from
the welfare maximizing system, comparing the baseline economy, column (1), the extension with capital income tax,
column (2), and the extension with a lump-sum tax, column (3).

evaluations is that they are approximately parallel. Thus, the previous conclusions remain
true. Moreover, for completeness, in Appendix G.2, Figure 13 we present the analogous
to Figure 6 but keeping fixed the replacement ratio and moving potential duration. In the
baseline economy, welfare gains in PE and GE are similar and almost indistinguishable. With
capital taxation, the welfare gains in PE are clearly higher than the gains in GE. Finally,

with lump-sum taxes upon retirement, welfare gains in GE are higher than those in PE.

6 Robustness

In this section, we perform a series of robustness exercises. One might be concerned that
some features of either the environment or the calibration could drive apart the prescription
of the GE and PE approaches. Among these concerns, three appear to be the most relevant.
1) We could be underestimating the risk faced by workers and thus the strength of the
insurance motive for savings. 2) In our pension system, we might be missing elements that
would reduce the need to save for retirement. 3) The Ul system we consider, although
standard and empirically reasonable, could be undoing other frictions related to intertemporal
consumption. Thus, if the planner had more instruments, the result could change. In this
section, we explain how we deal with these issues and show that the results are remarkablely

stable. The outcome of each exercise can be found in Table 9.
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Table 9: Policies and welfare under alternative setups

DG 5
[B(v);v] [B(v);v]  Welfare cost

of eliminating

GE PE the UI system
(a) Baseline [0.63; 2]  [0.65; 2] -0.050
Unemployment risk calibration
(b) Lower separation rates [0.65; 2]  [0.68; 2] -0.040
(c) Duration of unemployment spells [0.71; 2]  [0.73; 2] -0.066
Pension system
(d) History dependence of retirement benefits [0.65; 2] [0.65; 2] -0.050
(e) Higher pensions [0.50; 2] [0.50; 2] -0.041
Intergenerational transfers: age-dependent system
(f) Balanced budget by age [0.54; 2]  [0.56; 2] -0.040
(g) Constant profile of net labor income [0.52; 2]  [0.53; 2] -0.029

Notes: The table reports the welfare maximizing policies for the baseline compared to different alternative economies.
It also reports the CEV comparing the welfare maximizing policy to an economy with almost zero UL

6.1 Risk calibration

To analyze the effect of risk, we consider two alternative scenarios. First, we modify the
separation rate and then we calibrate the model to match the average unemployment duration
rather than average unemployment rate.

Lower separation rates. (row (b) in Table 9) High separation rates can induce workers
to highly value UI, especially so given the large fraction of unemployed workers with low
wealth. Thus, in this exercise, we reduce the separation rate for all ages by 25%. In this
alternative scenario, we find that the optimal Ul to be [B(¢); 9] = [0.65; 2|, which is similar
to that one in the baseline. Moreover, evaluating welfare in PE barely affects the results.

Unemployment spell duration. (row (c) in Table 9) The baseline model matches the
unemployment rate in the data. While the model also reproduces the median unemployment
duration (13 weeks in the model, 13.6 weeks in the data), it generates a lower mean unem-
ployment duration than in the data.?? The average unemployment duration between 2004

and 2012 is 25.1 weeks.?> We re-calibrate the baseline economy, but we replace the unem-

ZFrom FRED, see https://fred.stlouisfed.org/series/LNU03008276, the median unemployment duration
between 2004 and 2012 is 13.6 weeks.
23The data is available at https://fred.stlouisfed.org/series/ UEMPMEAN.
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ployment rate with average unemployment duration as a target. This implies new values
for the search cost function, which are v = 0.205 and v, = 2.968. In this case the model
generates a higher unemployment rate (8.1%).%*

Under this parameterization, the optimal UI system is modestly more generous than in
the baseline, with a replacement ratio of 0.71 and a maximum duration of two model periods.
This increased generosity reflects the higher unemployment risk in the re-calibrated economy,
which also raises the welfare cost of eliminating UI. Despite this, the optimal policy remains
close to the baseline, and GE and PE evaluations continue to yield nearly identical welfare

assessments.

6.2 Retirement and the role of the pension system

Retirement is an important aspect of the life-cycle model. Savings decisions depend on
the ability of workers to smooth consumption after retirement, and it is possible that the
response of savings after UI changes would also depend on the pension system. In our baseline
calibration, pensions are common to all workers and for computational simplicity the survival
rate is assumed constant in all retirement periods. We explore how results could change with
a more complete calibration of these periods.

We first let pensions depend on the wage at retirement (or the last wage earned if the
worker is unemployed). Given that replacement rates are decreasing in wage levels, we use
the observed elasticity between these two variables to correct for it. Finally, to maintain
consistency with our baseline calibration, we target the overall expenditure on pensions to
GDP to 6.8%.% Finally, we extend the model to include the actual survival rates by age at
retirement. We use the Social Security Administration survival rates from 66 years of age
up to 120 years of age, after which survival is set to zero. To include these heterogeneities,
the computational solution of the model has to be changed. Worker’ problem at retirement
is not characterized by the equations in Section 2, but is now a function of two additional
state variables: age, j, and human capital level, x, and can be solved recursively from the
last period (when all assets are consumed) up to the retirement period. Additionally, the
computation of the budget constraint also changes, and should consider the proportion of
workers that retire at each level of human capital (see Appendix F for further details).

Once calibrated, the economy is very similar to the baseline: capital-output ratio is

higher but still around 2.7, unemployment rate is 6.8%, job-finding elasticity is -0.3387 and

24The model abstracts from several important margins that would allow to match the unemployment rate
and average unemployment duration together. For example, labor force participation choice.

25We use the indicators of the 2012 pension system as reported in OECD (2013). We compute the elasticity
of replacement rates to wages as -.329 from this source and we use that relationship to get a replacement
rate of labor income at each human capital level, .
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tax rates are 12.45%. With this newly calibrated economy we evaluate the welfare effects of
changing Ul replacement rates and potential duration. Figure 7, panel (a), shows the CEV
for this economy as a function of replacement ratios, where Ul potential duration is set to
two quarters. The welfare maximizing policy is 65% and reducing replacement rate to 20%
implies a welfare loss of 1% of lifetime consumption, as in the baseline.

The above results are very similar to the baseline economy. Nevertheless, this does not
mean that the pension system becomes irrelevant for workers’ decisions on savings and labor
supply. To account for this fact, we change the pension system, including a much more
generous benefit, doubling pensions, while maintaining all other features of our baseline
economy.

Increasing pensions have important effects: first, assets are substantially lower at the end
of the working life, what makes capital-output ratio to fall to 2.4 (instead of the 2.7 of the
baseline); second, pensions represent 14.6% of the GDP, and the required tax rate increases to
23.3% (instead of 12.4% at the baseline), reducing incentives to supply labor (unemployment
becomes 6.9% instead of 6.8%, the share of working time decreases to 0.32 instead of 0.34).
The key question is how responsive the capital-labor ratio becomes in this extension, where
reduced incentives to save for retirement imply that a larger share of savings may reflect
precautionary motives associated with unemployment risk.

Panel (b) of Figure 7 shows the welfare effects of UL The welfare maximizing UI is 50%,
lower than in the baseline. Now, any disincentive to search has important consequences
through government’s budget: any period out of work implies larger foregone taxes (because
of the high tax rate level), a stronger adjustment in the tax rate, and more important
disincentives to search and work through this channel. Thus, the ability of providing generous
UT is reduced. Importantly, both PE and GE welfare maximizing Ul are very similar (a
replacement ratio of 50%).

Then, we conclude that while more generous pensions could change the way workers save
and the response of capital-labor ratio, increasing the proportion of precautionary savings,
these changes are quantitative unimportant for our main results: GE and PE are still very
similar. Thus, our result does not depend on the particular way we model and calibrate

pensions.

6.3 Intergenerational transfers: an age dependent Ul system

So far, we have constrained the planner to use the same replacement ratio, same potential
duration, and the same tax rate for all workers, independently of any other specific char-
acteristic. Thus, the planner does not have enough instruments. For example, we do not

allow the planner to set an age-dependent UI (Michelacci and Ruffo, 2015), or condition UT
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Figure 7: Welfare effects of UI under alternative modeling of retirement
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in the two robustness exercises. Panel (a) shows the results of changing the pension system and the survival rates at
retirement age. Panel (b) duplicates the pension level from the calibration of the baseline economy.

to assets (Koehne and Kuhn, 2015).

A concern could be that the planner might be using UI to make transfers to the young and,
in this way, smooth consumption through life, ameliorating the effects of liquidity constraints.
Given that young workers are exposed to higher unemployment risk, a higher UI would be
an intergenerational transfer. To address this concern, we consider two extensions. In the
first extension we eliminate the possibility of intergenerational transfers by balancing the
UI budget by age: Ul transfers for age j are financed by a labor income tax for workers of
the same age. In the second extension, we eliminate the life-cycle income profile by setting
age-dependent taxes, while keeping the benchmark Ul system, flattening the income profile.
Note that in both cases we use age-dependent taxes, but in the first case the tax rates are
higher for the young and in the second case the tax rates are negative for the young. See
Figure 14 in Appendix G.3 for more details. We focus on whether the welfare maximizing
UI policy changes compared to the baseline model.

As shown in rows (f) and (g) of Table 9, the welfare maximizing policy does not change
much: the potential duration is again two model periods and the replacement ratio is slightly
above the calibrated one. Moreover, as in the baseline, the GE and PE evaluations do not

differ much.?® The main difference between the two cases is that when the labor income

26Figure 15 in Appendix G.3 provides a more detailed view of the CEV as replacement ratio changes.
Panel (a) shows the CEV for the economy in which the UI budget is balanced by age; panel (b) shows the
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is constant in age, workers save earlier in life. Thus, they can more effectively self-smooth
consumption during the unemployment spell. At the same time, this behavior generates a
distribution of assets that is less connected with the data, with fewer liquidity constrained
workers. All in all, these exercises show that our results are not driven by a planner using Ul
to attain intergenerational transfers: when we eliminate this possibility, through a budget by

age, or we erase differences in average labor income by age, the main results are maintained.

7 Conclusion

This paper evaluates the welfare effects of unemployment insurance in general equilibrium
using a life-cycle model. With our quantitative model, calibrated to the US economy, we have
shown that unemployment benefits provide important welfare gains. The welfare maximizing
policy is moderately more generous than the current one. We obtained similar results for
the evaluation in general equilibrium and in partial equilibrium, when factor prices do not
adjust. Furthermore, we provided a decomposition of welfare gains that shows that the price
effect is relatively small in our baseline model. It follows that the general equilibrium effects
do not necessarily impose strong welfare costs, as the literature seems to suggest.

Life-cycle effects provide two relevant features: the distribution of assets among the un-
employed reproduces the importance of liquidity constraints of the data, and the response
of aggregate capital to benefits is weakened. We discussed some extensions of the model to
show these features. The elimination of life-cycle effects largely erodes the welfare impact
of unemployment insurance. Two crucial features of this extension are that the distribution
of savings are such that there are few asset-poor unemployed workers, reducing insurance
needs, and that aggregate capital responds strongly to unemployment insurance, increasing
costs of providing insurance.

The focus of this paper was the economic mechanisms that savings and capital introduce
in general equilibrium. However, in the broader literature, there is another important general
equilibrium effect. The search externalities and congestion effects in matching models can
alter the welfare effects of unemployment insurance and other policies related to job-search

decisions. The possible interaction between the two effects is an avenue for future work.
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Appendix
A Appendix of figures

Figure 8: Mortality rates by age
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Notes: Mortality rates of the model. Up to age 65 these rates are computed from Social Security Administration data;
from then on a constant rate is set to reproduce 17 years of life expectancy.

Figure 9: Assets and wages distribution
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B Calibration

B.1 Human capital

We calibrate the human capital function h(x) and the probability of moving up the labor
capital ladder y by matching the empirical return to experience function. As it is standard in
the labor literature we postulate a regression that relates wages with experience, educational
attainment, and some controls correlated with ability,

In Wi ; = Z Cl/jIj + OZZCXZ + Btzc + Z Q;I,{ + Ei,j s 87;7]' ~ N(O, U) (4)

J reK

where w; ; denotes the wage of individual ¢ at time j, ¢{ denotes individual 7 time spent in
college, I,; is a dummy variable for each experience level x, and I; is a dummy for each year.
Notice that we are not imposing a functional form for the return to experience. Instead, our
non parametric specification allows each experience level to affect wages in a different way.
We run this regression using data from National Longitudinal Survey of the Youth 1979 and
we present the results of the estimation in Table 10. To use the regression results to back out
h(k) notice that in the model the hourly wage is wh(k) so that equation (4) can be rewritten
as

Inh; (k) = Z ;L 4+ ol X; + Bt + Z ali—lnw+e;, g,;~N(00),

J I<k

so that the human capital function implied by the data is

h() = eSresaul (5)

B.2 Search cost function

We calibrate the search cost function to the unemployment rate and to the elasticity of
job-finding rate with respect to UI benefits. For that purpose we compute the elasticity
in the model as follows. First, we consider an increase of 10% of benefit level in a partial
equilibrium economy maintaining the tax rate constant. We measure the change in the search
effort (job-finding rate) in partial equilibrium for each state variable and we aggregate this
change using the distribution of unemployed workers of the baseline economy. We think
that this exercise is more in line with elasticities estimations that arise from comparing
changes in benefits for some eligible Ul recipients only, such as those analyzed by Landais
(2015). The elasticities presented in that paper are the result of exploiting regression kink
methods for different states of the US. This method compares the unemployment duration
of eligible UI unemployed workers within the state in a given period. Thus, this elasticity
can be interpreted as a purely labor supply decision, with no role for general equilibrium or
macroeconomic effects.?” Second, we focus only on the effect on the first period job-finding
rate. We do this because the response of job-finding rate is key in the periods in which the
worker is eligible, and less relevant afterwards.

2TWe use the result in Table A4, third column, which we consider an intermediate level of those reported
within Landais (2015).
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Table 10: Returns to experience

Inw; ; coefficient standard error

Yearly experience
2nd year 0.142 0.016
3rd year 0.202 0.016
4th year 0.269 0.016
5th year 0.332 0.016
6th year 0.350 0.016
7th year 0.388 0.016
8th year 0.425 0.017
9th year 0.440 0.017
10th year 0.468 0.017
11th year 0.474 0.018
12th year 0.498 0.018
13th year 0.527 0.019
14th year 0.527 0.019
15th year 0.558 0.02
16th year 0.578 0.021
17th year 0.576 0.022
18th year 0.600 0.022
19th year 0.586 0.023
20th year 0.600 0.023
21st year 0.615 0.024
22nd year 0.637 0.025
23rd year 0.647 0.025
24th year 0.677 0.026
25th year 0.682 0.026
26th year 0.690 0.027
27th year 0.721 0.027
28th year 0.737 0.028
29th year 0.745 0.029
30th year 0.781 0.030
31st year 0.761 0.032
32nd year 0.781 0.035
33rd year 0.786 0.037
34th year 0.803 0.044

Controls
male 0.216 0.004
minority -0.071 0.004
time in college t§ 0.072 0.001
constant 0.112 0.018

Year dummies YES

R-squared 0.166

# of observations 48491

Notes: The coefficients are the result of estimating equation (4) with data from the NLSY79. We trimmed the data in
the following way: we dropped all the observations for agents which did not have at least 10 observed wages and whose
average wage is in the lowest or highest 5 percent of the average wage distribution. We look at wages of individuals that
graduated from high-school between 1977 and 1992 and for which we have at least 10 observations of wages. We further
trimmed the data to discard individuals which average wages where either in the lowest or highest 5 percentile of the
average wage distribution. Our wage data starts in 1979 on an yearly basis until 1991 and then bi-yearly until 2010.

C Measures

Let 1 (a’ = a) be an indicator function which takes the value of one if o’ = a.
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The measures X§(a, k), X(a,r,1), X% (a) solve the following system of equations,

)fi(g;) - i = Z [//X:Pﬁ(a, k)1 (a' = al(a, k)) dadk

[ ][ a1 (@ = oo m0) dadwa

+/XR(a)1 (a' = a™(a)) da

Xinl@ kLY wﬂ/X'?(a,m 1)1 (d' = aj(a, 5 + 1)) da
14, ! ’

X;—%—l(a,?lﬁ_—i_é%? w + 1) _ / [1 _ Sj(CL, K+ 17 w>] X;-L(CL, K+ 1, 7p)]. (a/ - a;'L(av K+ 17¢)) da
j
X7(0,1) = 1—m
Xi{(a,1) = 0Ofora>0

Xe  (d,k+1 ) e
J+11(a_gj ) = 7y /X (nj(a, x)) Xj(a, k)1 (d' = aj(a, k) da
by [0 = x o, n+ 1)) Ko+ D1 (o = 65+ 1) da
// okt L)Xk 1O (& = aborn-+ 1) dbdo

X{(0,1) =

X{(a,1) = Ofora>0

For the previous equations, we have assumed that agents are born with no assets and
that a proportion 1 — 7y begin their working life without a job.

D Numerical Algorithm

Given any policy rule B(v), fix a equally spaced grid A = [ay,aq,...,an,| of points for
assets. Here we set a; = 0, ay, = 50 and Na = 1500. Fix a grid for human capital
H = [hy, hg, ..., hyp). With hy = 0.25, Nh = 10. Each h; for i = 2,..., Nh is generated using
the Mincerian equation. Finally fix a tolerance level € > 0 sufficiently small. These are the
parameters of the algorithm and are kept fixed throughout. Then, choose a capital-labor
ratio Ry and total government expenses Wy. Then.

Step 1 Given Ry compute the implied wage, w, and interest rate, r, using the firm’s first order
conditions. Then, given prices we can solve the problem of the retired agent. This is
done using the standard value function iteration method. The solution to this problem
generates a value function V" (a) and a policy function a’"(a).

Step 2 Given factor prices and ¥, compute the tax, 7, that makes the government budget
constraint hold with equality.
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Step 3 Given 7, r, w and V" (a) we solve the employed and unemployed problem by backward
induction. In this step is important to notice that the optimal search effort depends
only on the continuation utilities. That is, taking first order conditions we obtain

1
Y /m

(i h.d —1—
30 hod9) B = o)V (@, h) = Vi (@ g+ 1))

Since the solution to this equation does not guaranty that s € [0, 1] we choose

s(j, h,d, ) = min{max{3(j, h, a’,¢), 0}, 1}

Note that this is not the optimal search effort yet, since it depends on a’ and not on a. It
only says how much effort the agent would exert contingent on saving a’. However, we
can replace the above equation in the value function of the unemployed agent reducing
the dimensionality of the maximization problem. Once we performed the maximization
we obtain a(j, h,a,1) and therefore the optimal search effort is given by,

S*(]7 h7 a?w) = $<j7 h7a/u(j7 h? aa¢)7¢)

Finally, the employed agent problem generates a’®(j, h, a, 1)

Step 4 Given a“(j, h,a), a(j, h,a,v), a""(a) and s*(j, h, a,1) we compute the measures using
the laws of motions of Section 2.4. Once the measures has been computed we calculate
aggregate workers capital, K’, aggregate labor, L and total government expenses V.

Step 5 Given K’ and L compute Ry = [(/*TKM and check distances. If |[Ry — Ry| < € stop:
solution found. Otherwise set Ry = ¢R1 + (1 — ¢) Ro, for some ¢ € (0,1) and ¥y = ¥y,
and go to Step 1.

E Infinitely-lived agents

The economy consists of a representative firm, a measure one of risk averse agents, and
a government that collects labor income taxes to provide unemployment insurance. The
representative firm is identical to our baseline economy: it operates a constant returns to
scale technology using physical capital and labor. Agents are ex-ante identical, live for
infinite periods, and their preferences are the same as in our baseline, so that utility depends
on consumption, ¢;, hours worked, n;, and job-search effort, s;. Agents accumulate assets,
a, and are liquidity constrained, a > 0. While employed, agents receive labor income net of
proportional taxes, wn(1l —7), and face a layoff with probability 1 —, after which they begin
their unemployment spell. For an unemployment duration v, the agent receives B(¢)nw(1 —
7) as unemployment insurance transfer, where 7 is the average labor intensity in the economy.
Let v¢(a) and v*(a, 1)) be the value functions of the infinitely-lived agent while employed and
unemployed, respectively. Then, the employed agent solves:
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v°(a) = max {u(e,n)+ Blrv(d) + (1 — m)v*(d’,1)]}

{e,n,a’}
s.t. c+ad <(1+r)ja+(1—71)wn
c>0, d>0

While unemployed, the agent solves:

v'(a, ) = {g%m;,(} {u(e, s) + B[sve(a’) + (1 — s)v*(d’, ¢ + 1)]}
s.t. c+ad <(1+r)a+ B@)nw(l—r1)

c>0, d>0

The government, at the same time, chooses the tax rate in order to satisfy its budget
constraint, given by

/Twn(a)Xe(a)da = /B(¢)nw(1 — 1) X"(a,¢)d(a x 1)

where X¢(a) and X“(a,1)) are the stationary measures of employed and unemployed agents,
respectively.

Once a policy rule {7, B(1)} is set, a stationary equilibrium is prices {w, 7} and measures,
X¢(a) and X"(a,1), such that agents maximize utility, markets clear and the feasibility
constraint is satisfied. In particular, market clearing requires:

K= [ alX*(a) + X*(a,¥)]d(a x )

H = / X*(a)n(a)da.

Heterogeneous discount factors

Lets now consider stochastic discount factors. Agents are of two types: those with low
discount factor, f;, and those with a high discount factor, 8. The type evolves according
to a symmetric Markov process. In particular, there is a constant probability that the agent
changes the type in the following period. With this extension, the employed agent of type j
solves:

v§(a) = max {u(c, n) + f; <Q[7T v§(a) + (1 —m)vl(d, 1)]

{e,n,a’}

(1= )[rot, (@) + (1= mpy (@, 1)] ) }
st. c+d <(1+r)a+ (1 —7)wn,

c>0, d>0.

where g is the probability of remaining in the same type (with the same /3). The unemployed
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agent of type j solves:

vi(a,1) = max {u(c, s) + B; (g[s vi(a) + (1 = s)vj(ad, ¢ + 1)}

{c,s,a’'}
+ (1 — Q) |:3 Uij(a/> + (1 — S)quy(a,v lb + 1)})}

st. c+d <(1+7r)a+ B@)aw(l — 1),
c>0, d>0.

F Alternative pension systems

In this Appendix we briefly describe how value functions and measures change in Subsection
6.2. In that extension, a retired agent’s value function VjR(a, r) solves the following Bellman
equation for 7 > T

1-w\1l—-0o
c
Vi, k) = rggz( : _)U +B(1 =) Vii(d,r)
s.t.
c+ad =(1+r)a+ P(h)w,

a>0,c>0.

In the restriction above, the pension benefits P(x)w are represented by a function of the job
ladder, . Additionally, survival rates depends on age, until period j = 389 (equivalent to
age 120), for which survival is zero. The solution is, thus, recursive, and the value function
at retirement V2 | (a, k) is a function on assets and human capital level. Also, the definitions
of the value functions V}(a, k, 1) and Vj(a, k) should be changed accordingly.

Additionally, other aspects of the solution change. Let X]R(a, k) denote the measure
of retired agents with wealth a, age j, and retired at job ladder step . The government
expenditure on pensions should now be computed as

’LU/P(/‘Q)XJR(CL, R)d(k X a X j),
and total capital in the economy, equation (2) in our baseline, should be changed to

K = /a [Xf(a,/i) + X5 (a, k) + X} (a, k,9)] d(j X a X K X 1).
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G Additional Figures

G.1 Infinite lives setting

Figure 11: Welfare effects of UI with infinitely-lived workers
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(a) The effect of the replacement ra- (b) The effect of potential duration

tio
Notes: The figure plots the CEV measure comparing Ul systems to the welfare maximizing Ul policy in general equilib-
rium with infinite lives. Panel (a) fixes potential duration to two periods and studies the effect of changing the replacement
ratio. Panel (b) fixes the replacement ratio to 50% and studies the effect of changing the potential duration of UI benefits.
In both panels, The solid blue line represents the CEV differences in general equilibrium, the dashed red line represents the
CEV differences in partial equilibrium where prices are consistent with a UI system with 50% replacement ratio and two
periods of potential duration, and the dotted red line presents the CEV in partial equilibrium where prices are consistent
with the welfare maximizing Ul system.
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Figure 12: Welfare effects of Ul in general and partial equilibrium, infinitely-lived agents
and heterogeneous discount factors

%107 %107
< 2
0
2 Tt~ a
> -4 S S A 1
[ S N | e,
O N o | 0 Tt
6 6r el
. .
00 -10
—GE PE, — - PE_ —GE PE_— - PE
-12 -12 s
0 02 04 06 08 1 1.2 2 3 4
Replacement Ratio Quarters of potential duration

(a) The effect of the replacement ra- (b) The effect of potential duration
tio

Notes: The figure plots the CEV comparing UI systems to the welfare maximizing Ul policy in general equilibrium (5%
replacement ratio and 2 model periods) for the extension with infinitely-lived agents and heterogeneous discount factors.
Panel (a) fixes potential duration to two periods and studies the effect of changing the replacement ratio on welfare. Panel
(b) fixes the replacement ratio to 50% and studies the effect of changing the potential duration of UI benefits on welfare.
In both panels, the blue solid line represents the CEV differences in general equilibrium, the dashed red line represents the
CEV differences in partial equilibrium where prices are consistent with a Ul system with 50% replacement ratio and two
periods of potential duration, and the dotted red line presents the CEV in partial equilibrium where prices are consistent
with the welfare maximizing UI system.

G.2 Additional results

Figure 13: Welfare effects of Ul potential duration under different tax arrangements
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Notes: The figure plots the CEV of changing UI potential duration while setting replacement ratios constant and close
to the welfare maximizing replacement ratio in each case. See additional notes to Figure 6.
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G.3 Age dependent taxes

Figure 14: Age-dependent tax rates
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(a) Balanced budget by age (b) Constant profile of net labor income

Notes: The figure plots the age dependent tax rates for the robustness cases in which Ul for a given age is financed by

taxes to employed workers of the same age, panel (a), and in which age dependent taxes are set to provide a constant
profile of net labor income, panel (b).

Figure 15: Welfare effects of Ul under age-dependent taxes
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Notes: The figure plots the CEV of changing UI replacement ratios setting potential duration to two model periods in
the two robustness exercises (see additional notes to Figure 3.)
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