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Abstract

This paper incorporates labor market inactivity and long-term unemployment
into the framework of optimal redistributive taxation. We examine how a combi-
nation of education policy, public employment programs, unemployment benefits,
and optimal income taxation can effectively address both redistributive goals and
the persistent challenges of long-term unemployment. Our analysis shows that the
second-best optimal policy typically implies overprovision of education compared
to a policy rule that reflects only direct marginal benefits and costs. At the same
time, public employment programs and unemployment benefits tend to be under-
provided. Through numerical simulations, we illustrate how this policy mix adapts
to varying preferences for redistribution, productivity disparities, and the proportion
of individuals at risk of long-term unemployment.
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1 Introduction

Long-term unemployment is a major challenge in today’s labor markets, which are char-
acterized by rapid changes in job structures, increasing specialization, and rising skill
requirements. This problem is exacerbated by transnational migration patterns and the
limited labor market integration of certain immigrant groups. In addition, economic
shocks (such as the global COVID-19 pandemic) can exacerbate the problem of long-
term unemployment by hindering the reintegration of displaced workers. A key ques-
tion arises: How should tax systems and public spending programs respond to these
challenges? This paper aims to answer this question by analyzing the policy implica-
tions of long-term unemployment, focusing on the design of optimal income taxation,
education policies, and public employment training programs.

To this end, we develop and examine a discrete, intertemporal adaptation of the Mir-
rlesian Mirrlees (1971) optimal income tax model that includes a nonlinear income tax,
transfers to individuals engaged in education, a public employment program with prede-
termined wage rates and effort requirements, and unemployment benefits. We combine
theoretical analysis, focusing on the characterization of policy rules for marginal taxa-
tion and the aforementioned public expenditure programs, with numerical simulations
illustrating the optimal policy responses under a range of economic scenarios.

The basic elements of our model are as follows: Individuals optimize over two dis-
tinct periods, with employment opportunities available in both periods to those who are
sufficiently productive. We classify individuals into three skill types, denoted by skill
types 1, 2, and 0. Skill types 1 and 2 represent conventional low-skilled and high-skilled
individuals, respectively, whose pre-tax wage rates are determined by their intrinsic pro-
ductivity throughout their working lives. We introduce a novel skill type 0 characterized
by market productivity below its innate potential, which renders this type uncompetitive
in the regular labor market.? Our primary focus is on type 0 agents and on policies to
combat long-term unemployment, where the qualitative insights do not depend on the
number of latent skill types.

In addition to differing in their latent ability, individuals of skill type O can also
differ in their effort costs of education and can choose between unemployment in the
first period, in which case they will remain unemployed throughout their working lives,
a public employment program, or education. Education and the public employment
program allow individuals of type O to raise their market productivity sufficiently to
secure regular employment in the second period. While education allows them to reach

!Empirical research supports the idea that public employment programs can improve the employment
prospects of groups with weak labor market attachment (see, for example, Mork et al. (2021), for a recent
evaluation of a temporary public employment program in Sweden).

20ur model builds on and extends the discrete models of optimal nonlinear income taxation originally
developed by Stern (1982) and Stiglitz (1982).



their true earning potential, a public employment program raises their productivity just
enough to enter the regular labor market in the second period. Crucially, our model
emphasizes that inaction by individuals with skill type O in the first period leads to long-
term unemployment.® This is costly both to the individual and to society. The social
objective is represented as a weighted combination of individual utilities, with weights
reflecting preferences for redistribution, and a societal inclination to alleviate long-term
unemployment.

The results show that the policy rules for marginal income taxation are broadly simi-
lar to those in models without unemployment. However, an important difference is that
these policy rules take into account the endogeneity of the skill distribution within the
labor force, which is influenced by government policies aimed at labor market integra-
tion. The marginal income tax policy does not directly affect the discrete activity choices
of individuals of skill type 0, since their decisions are based on utility comparisons across
alternatives and thus on total tax contributions rather than on marginal incentives.

The policy rules for the wage rate and effort requirements in the public employment
program, education transfers, and unemployment benefits all depend on how each of
these instruments affects the activity choices of type 0 individuals and thus the present
value of the net tax revenue available for redistribution. For example, if in practice the
present value of net tax revenue is higher when individuals with skill type 0 choose
education over the public employment program, then, all else equal, tax revenue con-
siderations will require (i) a lower wage in public employment and (ii) higher education
transfers compared to scenarios in which these two activities yield equivalent present
values of net tax revenue. Tax revenue concerns also impose constraints on unemploy-
ment benefits, reflecting society’s aversion to prolonged unemployment.

Our numerical analysis explores the dynamics of resource allocation and public policy
by examining the responses to variations in the government’s propensity to redistribute,
changes in the dispersion of the productivity distribution, and variations in the share
of skill type 0 agents in the economy. This analysis shows that an increase in the gov-
ernment’s propensity to redistribute and a mean-preserving increase in the dispersion
of the productivity distribution lead to more generous unemployment benefits and in-
creased long-term unemployment, especially among the latent low-skilled. An increased
share of agents with skill type 0 leads to more public employment among low-skilled,
accompanied by lower educational attainment and a slight reduction in unemployment.
The activity choices of the high-skilled show less sensitivity in this context. Moreover,
each of these changes tends to increase the cost of redistribution in equilibrium, lead-
ing to higher marginal taxation for the low-skilled and higher average taxation for the

3Kieselbach (2003), in a study of long-term youth unemployment in the EU, identifies low skills and
labor market inactivity among unemployed youth as factors that increase their risk of social exclusion.
Our model captures these characteristics, as low market productivity combined with inactivity early in
life leads to exclusion from the labor market.



high-skilled.

The present study contributes to the literature in several ways. First, it represents the
first attempt to integrate labor market inactivity and its possible consequences in terms
of labor market exclusion into the theory of optimal redistributive taxation and public
spending. While previous studies have addressed related issues such as poverty allevia-
tion (e.g., Pirttila and Tuomala (2004); Kanbur et al. (2018)) and unemployment (e.g.,
Marceau and Boadway (1994); Lehmann et al. (2011); Aronsson and Sjogren (2004);
Hungerbiihler et al. (2006); Aronsson and Johansson-Stenman (2021); Aronsson and
Micheletto (2021)), none has examined the consequences of labor market inactivity and
its policy implications in an optimal tax framework.

Second, our study contributes to research on optimal income taxation and occupa-
tional choice, building on the seminal work of Diamond (1980), Boadway et al. (1991),
and Saez (2002). Recent work in this area has examined the equilibrium effects of
sectoral reallocation of labor on wages, as in Rothschild and Scheuer (2013), and the
externalities arising from occupational choice, as in Rothschild and Scheuer (2016) and
Lockwood et al. (2016).%

Third, our research explores the joint design of income tax and education policies to
promote human capital development and learning-by-doing. This is consistent with the
work of Bovenberg and Jacobs (2005), Maldonado (2008), Findeisen and Sachs (2016),
Colas et al. (2021), Stantcheva (2017), and Da Costa and Santos (2018). In contrast to
these studies, our analysis emphasizes the validation of skills rather than the creation of
new human capital.

Fourth, weak attachment to the labor market and the negative consequences thereof
for individuals’ abilities to control their own economic resources are key aspects of the
broader concept of social exclusion (e.g., Atkinson (1998); Sen (2000); Bradley et al.
(2003); Pohlan (2019)). Our study contributes to research on social exclusion by exam-
ining the policy implications of labor market inactivity and how an optimal redistribution
policy should be modified when certain groups of individuals are at risk of labor market
exclusion.

The structure of the paper is as follows: Section 2 presents the model and outlines the
private decision problems, while section 3 details the public decision problem. Section
4 characterizes the optimal policy rules for marginal tax policy, education policy, public
employment program, and unemployment benefits. The numerical model is outlined
in Section 5, and numerical results and sensitivity analyses are discussed in Section 6.
Finally, concluding remarks are given in section 7. The proofs are given in Appendix A,
and additional mathematical and numerical results are available in the Online Appendix.

*Our paper is also related to the recent strand of the literature focusing on optimal tax responses to
new technologies and the optimal taxation of "robots," see, for example, Guerreiro et al. (2022), Costinot
and Werning (2023), and Thuemmel (2023).



2 Model

Types of agents There are three types of individuals in the economy, labeled 0, 1, and
2, respectively. Each individual optimizes over two periods. Type 1 and 2 individuals are
employed in both periods. Our main focus is on type 0 individuals who are not produc-
tive enough to obtain regular employment. One example is young migrants who have
not yet acquired the necessary skills (such as language skills) for regular employment.
Another is people who did not do well enough in school or did not finish school (for a va-
riety of reasons, such as family background or peer group influence), which makes them
less employable. As explained in more detail below, in the first period, type O agents
choose between unemployment (U), education (E), and a public employment program
(P). These activity choices, in turn, determine their market wage rates and employment
opportunities in period 2.

Market productivity Individuals of types 1 and 2 (sometimes called "conventional"
agents) are characterized by innate productivities 0! and 62, where 62 > 0!, and have
market productivities of w! = 0! and w? = 02. > In contrast, individuals of type O can
be either of innate productivity 0% or 02, but their market productivities are not equal
to their innate productivities. Instead, regardless of their innate productivity, type O
individuals have a marginal market productivity of «0® in the first period, where 0 <
o< 1.8

Minimum wage There is a minimum wage in the regular labor market, w?, defined
as the market wage of type 1. Since «0! < w! by assumption, type 0 individuals cannot
find regular employment in period 1. On the other hand, if 0! exceeds what we can
think of as a "technological minimum wage" (in the sense that there are productive tasks
given the technology of the economy) equal to w < w!, then a type 0 individual can
participate in a public employment program. We assume that this condition is satisfied,
which ensures that public employment is available to all individuals of type 0. The
discrepancy between w! and w can be due to minimum wage legislation or unionization
of the labor market, and is a key feature of modern welfare states facing the problem of
weak labor market attachment among certain groups of the population. To simplify the

>We assume that firms can observe the productivity of workers, thus abstracting from the screen-
ing/signaling possibilities available to firms/workers analyzed by, for example, Stantcheva (2014), Bas-
tani et al. (2015), Craig (2023), Sztutman (2024) and Bastani et al. (2025). We also abstract from labor
market discrimination (see, e.g., Blumkin et al. (2007)).

®An alternative would be to assume that the market productivity in the first period is given by «@%,
i = 1, 2. This would open up the possibility that type 0 agents with latent productivity 82 could get a job
with a market wage of «0? in the first period, provided «8? > w!. Such an extension complicates the
analysis considerably without having a major impact on the qualitative results.



analysis, w! is assumed to be exogenous in the following.”

Effort costs In addition to differing in their innate productivity 6, type 0 individuals
also differ in their effort cost of training &, which is assumed to be continuously dis-
tributed with positive support. The parameter & will play a key role in determining
whether innately high productivity individuals find it optimal to pursue education and
thereby realize their true innate productivity, or to settle for public employment and
lower future career prospects.

Tax instruments Since we are interested in analyzing policy problems faced by mod-
ern welfare states, it is important to capture the potential flexibility of the tax and trans-
fer system. We assume that the government uses a labor income tax, given by general
nonlinear tax functions Tj(-), j = 1,2, where tax payments can be either positive or
negative (the latter representing a transfer payment). The functions T; and T, represent
the labor income taxes paid in periods 1 and 2, respectively. Since the tax functions Ty
and T, are not necessarily the same, we do not rule out age-dependent labor income
taxation.®

Conventional agents Individuals of types 1 and 2 are employed in the regular labor
market in both periods and solve the following problem:

W(8) = max {w(6'hy —Ty(0°ha)) — v(hu) + Blu(8'hs — To(6'hz)) — v(ha)l |, (1)
where h; and h, denote the labor supplied in periods 1 and 2, respectively, and 3 denotes
the utility discount factor. The function u(-) is the utility derived from consumption and
is assumed to be twice differentiable, increasing, and strictly concave, which v(-) is a
twice continuously differentiable, increasing and strictly convex function measuring the
disutility of effort.

2.1 Activity choices

We now describe the activity choices available to type 0 agents in the first period.

’One way of motivating this assumption is that the minimum wage is outside the control of the national
government, which is a relevant scenario in Europe in light of the recently proposed EU minimum wage
directive. Another is that wage setting is centralized through nationwide trade unions.

8In principle, the optimal income tax could also be made to depend on the agent’s income history.
However, this makes little sense in our model, since individuals with market productivity ' (i = 1,2) in
the second period will behave identically and be equally well off for the rest of their lives, regardless of
whether they were a conventional type i or a type 0 in the first period.



Public employment If a type 0 individual is employed in the public sector in the first
period, her marginal productivity is given by «0! and she receives a wage, wp, in return
for a fixed labor supply of hp units of time. We will later treat wp and hp as control
variables of the government. The wage in public employment satisfies w! > wp > 0.
Thus, a key feature of public employment is that workers are paid above their marginal
product (a private firm would not offer such a contract as it would yield negative profits),
but not above the minimum wage in regular employment. An alternative to public em-
ployment would be to introduce wage subsidies to private firms hiring type 0 workers.
However, such subsidies would be strictly dominated by public employment for at least
two reasons. First, firms have strong incentives to claim wage subsidies for ordinary
workers that they would be willing to hire also in the absence of a subsidy. Second, un-
like private firms, the government can absorb the potential risk of hiring a worker with
below-market productivity at no cost.

In the second period, after working in public employment, the marginal market pro-
ductivity increases from «0! to 0!, and the agent works in a regular job with a labor
supply of h,.? Formally, the indirect utility of an agent of type i with training cost &,
choosing public employment is:

Vi(&) = max {u(wehe) — Evlnp) + Bu(e'hs — To(0Th2)) —v(na)]}. ()

All individuals entering public employment in the first period (regardless of their innate
productivity) will earn the market wage 0! in the second period. This means that in-
dividuals of type 0 with innate productivity 62 do not realize their maximum potential
productivity. This is quite natural, since the goal of public employment is to learn the
basic skills required for regular employment (e.g., gaining work experience, establishing
a social network, and acquiring language skills); they do not acquire the more advanced
skills required for high-skill jobs.

Education The purpose of education is to enable agents to transform their innate skills
into marketable skills, thereby realizing their true innate productivity. One interpreta-
tion of education is that it serves to increase an individual’s skill level; another is that it
serves to validate those skills, as in enabling an immigrant with a foreign medical degree
to practice medicine in the host country.

Formally, the indirect utility of an individual of type O with innate productivity 0%
enrolling in education in the first period is given by

Vi(e) = max {ulce) - &v(e’) + B [u(@'hy ~ T(0'h)) —v(ha) [}, (3)

°Thus, public employment has a learning-by-doing component, see, for example, Stantcheva (2017)
and Makris and Pavan (2021).



where e' is the effort required by type 0 with innate productivity i to realize his/her
innate productivity through education.

Note that while education is available to both types of innate productivity, it serves,
nevertheless, a primary purpose for those with innate productivity 62. This is because the
innate high skilled are only able to realize their (high) productivity through education.
As a result, it is typically optimal for the government to incentivize type 0 agents with
latent productivity 02 to choose education, unless 62 is small relative to 0! so that the
productivity gains of education are modest.

For agents with innate productivity 0!, their period-2 productivity is the same regard-
less of whether they choose public employment or education. While these agents may
still strictly prefer education due to its lower effort requirement, from the government’s
perspective it is generally optimal to structure taxes and transfers so that most 0!-type
agents choose public employment. This approach ensures that these agents contribute
to output immediately, rather than producing nothing during training.

Unemployment Finally, if a type 0 individual chooses to become unemployed in the
first period, this choice will lead to long-term unemployment, i.e., unemployment also
in the second period. In the case of unemployment, the agent’s indirect utility is given
by

Vu = u(b1) + Bu(bz), 4)

where b; and b, is a profile of unemployment benefits decided by the government. It
is important to keep in mind that although individuals can be viewed as "choosing" un-
employment, it is not really a conventional choice, since the agents who choose unem-
ployment are those with the highest effort costs, who are least able to escape long-term
unemployment and achieve economic advancement.

Although unemployment may allow individuals to spend more time on leisure ac-
tivities, some previous studies show that unemployment leads to a loss of well-being
over and above the income loss it causes (e.g., Clark and Oswald 1994; Winkelmann
and Winkelmann 1998). In principle, we could capture this utility loss by adding an
additional term to the equation (4). Such a cost would not change the analysis, since
the choice between unemployment and training depends on their relative attractiveness,
which is influenced by the parameter &. Instead, the additional social cost of unemploy-
ment is captured by an extra term in the social welfare function, which reflects society’s
aversion to long-term unemployment (see subsection 3.1).



3 The policy problem

The government (or social planner) collects revenue and redistributes through a nonlin-
ear income tax as well as provides a public employment program, education transfers,
and unemployment benefits. The government can observe income at the individual level,
while latent skills and effort costs are private information. Thus, the government can
neither verify the educational effort nor the labor supply. These are standard assump-
tions in Mirrleesian models of optimal income taxation. We assume that the government
is first mover vis-a-vis the private sector and is able to commit to the optimal tax and
expenditure policy, which is decided before individuals make their choices.°

Access to general income taxes means that the government can implement any de-
sired combination of consumption and labor supply in each period for both latent skill
types, subject to incentive compatibility constraints and the public budget constraint.
Therefore, according to the Taxation Principle (Hammond 1979), we can equivalently
let the government choose these allocations directly, using incentive compatibility mech-
anisms such that each individual (weakly) prefers the allocation intended for her type
over the allocations intended for other types. The policy rules for marginal taxation can
then be derived by combining social and private first-order conditions. The other policy
instruments, i.e., education policy, public employment (wage and hours requirements),
and unemployment benefits, are chosen directly by the government.

Let (y!,cl) denote the pre-tax income/consumption bundles in period t = 1,2 of-
fered to individuals of type i = 1, 2. For individuals of types 1 and 2, who realize their
innate productivity immediately and are, therefore, in regular employment throughout
their working lives, utility is given by

W =u(cl) —v(yl/eY) + B (u(ciz) —v(yE/Gi)) , 1=1,2, (5)

if they choose the bundles intended for them by the government.
Similarly, the utilities of type O individuals who choose the bundles intended for them
are given as follows depending on their activity choice:

V(&) = u(wphp) — Ev(hp) + B (ulcy) —v(y3/0")), i=1,2 (6)
VE(E) =ulce) — &v(e) + B (ul(cs) —v(y3/0Y)), @)
V(&) =uler) + Bulcr), i=1,2 (8)

where {c!!, c}!} denotes the consumption profile of the unemployed. Combining the

10The assumption of full commitment greatly simplifies the analysis in an already rather complex model,
although we are aware of the potential time inconsistency problem that this commitment raises. Aronsson
and Sjogren (2016) and Brett and Weymark (2019) analyze time-consistent optimal taxation in different
contexts under asymmetric information.



above equations, the utility of an agent of type (0%, £) can be summarized as
VH(E) = max{V5 (&), VE(E), Vii(8)), i=1,2. 9

We assume that the government wants to redistribute from high-productivity to low-
productivity individuals. Thus, the government must prevent high-productivity individ-
uals from mimicking low-productivity individuals in order to benefit from this redistri-
bution. In our framework, there are two such ways. First, to ensure that type 0 individ-
uals who realize the productivity level 02 in the second period (i.e., those with innate
productivity 82 who choose education) weakly prefer the allocation intended for them
to the allocation intended for the low-productivity type, we must impose the following
self-selection constraint:

u(ce) — &v(e?) + Bu(c3) —v(y3/0%)] = ulce) — &v(e?) + Bhulcy) —v(y3/0%)]. (10)

Since the first two terms on either side of the inequality are identical, the constraint can
be simplified to
u(c3) —v(y3/02) > ulciy) —v(yz/0%). (11)

Second, we need a self-selection constraint for conventional type 2 individuals, i.e., those
with realized productivity 62 in the in the first and second periods, so that they (weakly)
prefer the allocation intended for them to the allocation intended for a conventional type
1:

u(cd) —v(y3/0%) + Bhu(c3) — v(y3/0%)] = ulcl) — v(y1/0%) + Bhulcy) — v(ys/0%)].
(12)

If (11) is binding, then constraint (12) is simplified to
u(c) —v(y3/6%) > ulcr) —v(y1/6?). (13)

In the rest of the theory section, we will assume for simplicity that (11) is binding.
This will always be the case if there is sufficient redistribution in the second period. We
therefore include (11) as an equality and (13) in the social decision problem.!!

In addition to (11) and (13), we want to prevent conventional type 1 and type 2
workers from mimicking type 0 in order to benefit from the education and public em-
ployment policies. Admittedly, it is not entirely clear how to formulate these constraints,
since the conventional types already have the skills needed to enter the regular labor

11n the numerical simulations, we impose (11) as a weak inequality and (12) in its full form, since we
cannot guarantee that (11) is binding under all possible parameter constellations. The relatively simple
structure of the incentive constraints is facilitated by the fact that type O workers who realize productivity
02 in the second period behave identically to type 2 workers in the second period.

10



market. To this end, we make three observations based on the assumptions made above.
First, conventional type 1 and type 2 agents entering public employment must supply
hp hours of labor in the first period and will earn the same compensation as type 0
workers in public employment (wphp). Second, type 1 and type 2 individuals who en-
ter education to mimic type O are required to make a minimal effort, e, to be eligible
for the education transfer cg.'? Third, the benefit that a conventional type 1 or 2 agent
derives from mimicking type O is entirely confined to the first period, since it is assumed
that these mimickers obtain employment according to their actual (already realized)
productivity in the second period.!?

Given the above discussion, to prevent a conventional type 1 worker from mimicking
type O in education or public employment, we require that he/she obtains a weakly
higher utility in period 1 when working in the regular labor market by imposing the
following constraints:

u(cq) —v(y1/6") = u(wphp) —v(hp) (14)
u(cq) —v(yi/6") = ufce) — v(e). (15)

Note that (14) and (15) are the only conditions we need to impose, since they also
prevent conventional type-2 agents from mimicking type-0. The reason is that wu(c3) —
v(y3/02) > u(cl) —v(yl/0!) in a second-best optimum.'*

3.1 Social decision-problem

Let fgo(& | ©) denote the conditional probability distribution of & given 6. The joint
probability distribution then becomes f¢ ¢(&,0) = fggi(& | 0 = 07! + fg02(&E | 6 =
02)m2, where 7! and 72 are the fractions of type 0 agents with innate productivity 0*
and 02, respectively. To shorten the notation, define fz (& | 8 = 0') = (&) and
fe02(& | 0 = 02) = f2(&), with corresponding CDFs F! and F?, and let v°, y!, and y? be
the fractions of types 0, 1, and 2, respectively, in the population, where >, y* = 1.

We assume that the social objective function consists of two parts. The first part is
welfarist and is given by a generalized utilitarian objective. The second part is non-

12The parameter e should be viewed as the minimum effort required to be eligible for transfers from
the government, assuming that some monitoring is possible (e.g., an attendance requirement).

13Given that educational effort could in principle serve as a signal of innate ability, we assume that
the minimal effort level e is sufficiently large to imply that firms are not deterred from compensating
conventional type 1 and 2 workers according to their actual (already realized) productivity in the second
period.

14Note that self-selection constraints as we have formulated them do not prevent conventional type 1
and type 2 workers from mimicking the unemployed. Since such a scenario seems less likely to us, and
our framework is already quite complex, we abstract from this possibility when formalizing the model.
We will, nevertheless, return the implications of such incentives when the optimal unemployment benefits
are characterized in subsection 4.4.
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welfarist and depends directly on the number of long-term unemployed, aiming to cap-
ture the desire to reduce the overall social cost of long-term unemployment.'> Formally,
the social objective is given by

J ) AREVE|det Y yWi Y HE (v ' J i fi(é)dé,), (16)

i=1,2 i=1,2 i=1,2

where V and W' i = 1,2 are defined in (9) and (5), respectively, and ¢ denotes the
welfare weight the government attaches to type O agents. The H' functions can be
interpreted in terms of social aversion to long-term unemployment, and this aversion
is allowed to vary depending on whether the long-term unemployed are latently high-
skilled or low-skilled.'® We assume that H' is strictly decreasing and concave in the
number of long-term unemployed in society, Yo7t J‘Qﬁ fi(&)dE, fori = 1,2. The welfarist
part of (16), i.e., the sum of the first two terms, is consistent with a utilitarian social
welfare function in the special case where ¢ = v°, while ¢ > y° represents a case where
more weight is given to the welfare of type O from an ex ante perspective.

The government’s problem is to choose the pre-tax income and consumption variables
{yt,ys, ct, cl}i_1,, the education transfer cg, the time path of unemployment benefits
{ci, ¢!}, and the wage rate and hours in public employment, {wp, hp}, to maximize so-
cial objective (16) subject to the incentive compatibility constraints (11) and (13)-(15)
and the following public resource constraint (assuming, for simplicity, that the interest
rate is zero):

S v [iut —eb) - b)) 40 X (j a)aa>(—cE+(y;—c;n

i=1,2 i=1,2

+v° (Z niJ _ fi(a)da) ([ —wplhp + (y3 — c3)) —
i=1,2 YO

P

¥° (Z nij -1 fi(a)da) (ef' +¢5) >0. (17)

=1,2

In (17), Qi, i = 1,2, is the set of type 0 individuals with innate productivity 8* who
enter education (and realize their true innate productivity). Formally, & € Qt implies
V(&) = Vi(&). Similarly, the sets QL and Q3 are the sets of type 0 individuals of innate

5More general social welfare weights along the lines of Saez and Stantcheva (2016), which depend on
both income and non-income characteristics, could easily be introduced. By focusing on a social welfare
function with non-welfaristic elements, our analysis is related to recent work on fairness and poverty
reduction by Henry de Frahan and Maniquet (2021) and Maniquet and Neumann (2021).

160ne reason for social aversion against long-term unemployment would be the broader negative con-
sequences this may have in terms of social exclusion and/or increased criminality. Note also that with a
slight reformulation of the model, an alternative interpretation of the H' functions would be that they rep-
resent social preferences at the individual level, i.e., that each individual attaches disutility to the severity
of the problem of long-term unemployment.
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productivity 0! and 02, respectively, who enter public employment in the first period.
Therefore, & € QL implies V(&) = Vi(&). In the last row, Qi is the set of type O
individuals with innate productivity ' who choose unemployment in period 1, leading
to long-term unemployment, i.e., exclusion from the labor market; thus, & € Q}, implies
V(&) = V(&) (the notation can be simplified if the relevant sets are intervals).

The resource constraint reflects that gross income (or output) is used for private con-
sumption. Each term on the left-hand side can be interpreted as the net tax revenue
collected from different groups of individuals over the two periods. The first term re-
flects the net tax revenue collected from individuals of types 1 and 2, respectively, while
the remaining terms refer to individuals of type 0, where the public revenue collected
depends on the choices made by these agents in the first period. Specifically, the second
term measures the net tax revenue raised from type 0 individuals who enter education,
while the third term correspondingly measures the net tax revenue raised by type 0 in-
dividuals who choose public employment. Finally, the fourth term reflects the fiscal cost
associated with the consumption profile of the unemployed.

3.2 Activity choices and their ordering

The characterization of activity choices among type 0 individuals is based on a compari-
son of the indirect utility levels in equations (6)—(8). In our framework, depending on &
(from low to high), individuals choose activity in the first period in the following order:
public employment, education, and unemployment.

While it is natural to assume that those with the highest effort cost in training will
choose unemployment, the ordering of public employment and education requires some
discussion. Specifically, we assume that wphp > cg and v(hp) > v(el), 1 = 1,2, at the
second best optimum. The first inequality is based on the observation that education is
an investment that pays off in the future. The second can be interpreted to reflect the
idea that education is associated with a consumption value, such that the disutility of
educational effort is effectively smaller than the disutility of routine work.

Conditional on other characteristics, we can now present intervals for ¢ associated
with different activities, as well as critical values where an individual is indifferent be-
tween two distinct activities. For type 0 individuals with innate productivity 0!, the
choice between public employment and education is guided by the following utility dif-

ference:
V(&) — VE(E) = u(wphp) —u(ce) — &(v(hp) —v(e!)).

We can then derive the effort cost for an individual who is indifferent between public
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employment and education by setting V3 (&) = Vi (&) and then solving for &:

u(wphp) —u(ce)

Bt = i) vl

> 0. (18)

Therefore, whenever & < &p_¢ we have Vp > Vg, implying that the individual prefers
public employment to education, while & > &p_¢ correspondingly implies Vg > Vp,
such that the individual instead prefers education. We can derive a similar threshold for
individuals with innate productivity 2. By setting V3 (&) = VZ(&), we obtain:

,  [ulwehe) —ulce)] + B (fuley) —ulcd)] — v(y3/0") —v(y3/6%)])
R v(hp) —v(e?) '

(19)

Contrary to (18), we can see that variables referring to the second period enter the
right-hand side of (19). The reason for this discrepancy is that the choice between
public employment and education affects the utility in period 2 (not just the utility in
period 1) for agents with innate productivity 02.

Finally, for the choice between education and unemployment, the utility difference
is given by (for i=1,2):

VE(E) — V(&) = Tulce) — &v(en)] —ufer') + B (fules) —v(y5/61] —ulcs)) . (20)

By setting Vi (&) = V,(&), the following critical (threshold) effort cost can then be
derived:

i —
E-U —

ey (Bulee) — (el + B (fu(ed) —vlyy/0)] —u(ef)). @D
Equation (21) means that a type 0 individual of innate productivity 0! will prefer un-
employment to education if & > E,iE_u, and vice versa if & < E}:__u. We can see that
the number of long-term unemployed with innate productivity 0* depends positively on
the educational effort and negatively on the income loss associated with unemployment.
Note also that some unemployment always remains at the social optimum. This is be-
cause, with an unbounded effort cost distribution, there will be some individuals who
suffer enormous disutility of effort. Thus, it is not optimal for the government to activate
these individuals in the first period.

The order of activity choices, verified by our numerical simulations below, is illus-
trated in figure 1.
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Figure 1: Occupational choice thresholds for type 0 individuals with innate productivity

0.
P E u
0 }77E %,u E’
Some useful notation For later use, we introduce the following short notation:
NE = Q¢ =y (F(EE u) — F'(&p ¢)) (22)
Np = [Qb] = YO FH(&p _¢) (23)
Ny =[Oyl =y [l — F' (&g _y)] (24)

Here, Ni, N}, and N}, denote the number of type 0 individuals with innate productivity
0! who enter education, PE, and unemployment, respectively, in the first period.

4 Optimal marginal tax and expenditure policy

We are now ready to characterize the optimal marginal tax policy and public expendi-
tures. To this end, we use the social first-order conditions presented in Online Appendix
A.3 and the private first-order conditions for the labor supply. For an individual with
realized productivity 0%, i = 1,2, the private first-order condition for the labor supply
in period t = 1, 2 can be written as follows:

(yi/0Y)

/
T ei:ei_v

y,t LL/(CU (25)

The left-hand side of equation (25) is the marginal labor income tax payment per unit
of labor, measured as the marginal labor income tax rate, T;’t, times the pre-tax wage
rate per unit of labor, 0!, and the right-hand side measures the discrepancy between
the pre-tax wage rate and the marginal rate of substitution between leisure and private
consumption. Thus, we can interpret equation (25) in terms of a tax wedge created by
the labor income tax. Note that individuals of types 1 and 2 satisfy equation (25) in
both the first and second periods, while individuals of type 0, who realize productivity
0! (through an appropriate activity choice in the first period), satisfy equation (25) in
the second period.
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4.1 Marginal income taxes

Let n; denote the Lagrange multiplier associated with self-selection constraint (13),
which prevents a true type 2 from mimicking individuals of type 1, while u, corre-
spondingly denotes the Lagrange multiplier attached to self-selection constraint (11)
preventing type O individuals of innate productivity 02 from mimicking type 1 in the
second period. A represents the Lagrange multiplier of the resource constraint (measur-
ing the marginal cost of public funds in units of utility).

The marginal income tax rates implemented in the first and second period, respec-
tively, are characterized in Proposition 1.

Proposition 1. The marginal income tax rates in the first period are characterized by the

following policy rules:
L) (Ve 1 V(yl/e?) 1
Tyl = Ayl (u’(c%) o1 w(cl) 62 >0, (26)
T, =0, 27)

while the marginal income tax rates implemented in the second period are characterized as

follows:
I(~1 /(1,1 61 1 /(4,1 62 1
5,2 _ Hzlu (Czo)l v (E,lz/l )_1 v (1_?2/1 )_2 >0, (28)
Ayt +yo1) U w(cey) © w(cy) ©
Ti’I =0, (29)

where Y% = NL + N} + N2,

Proof See Appendix A.1. [J

Proposition 1 reproduces an old result, albeit in a new context: the optimal marginal
income tax rate implemented for the low-skilled is positive, while the marginal income
tax facing the high-skilled is zero. We can also see from (26) that the policy rule gov-
erning the marginal tax treatment of the low-skilled takes a standard form in the first
period.

In the second period, the number of low-skilled is endogenous, which means that the
marginal tax treatment of this group is based on a slightly different policy rule. This can
be seen from (28), in which y! + %! replaces y!, where y%! denotes the sum of type
0 individuals with (i) intrinsic productivity 6! enrolling in education in the first period,
and (ii) individuals with intrinsic productivities 0 and 62 choosing PE in the first period.
Thus, an important difference between (26) and (28) is the downward pressure on the
marginal income tax in the second period following the enrollment in education and PE
in the first period.
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Finally, note that the incentives facing type 0 agents to engage in different activities
in the first period are determined by comparisons of utility levels, which are, in turn,
determined by total (not marginal) tax payments. Since the other policy instruments
(ce, wp, hp, ¢, and c}!) directly target these activity choices, there is no need to use
marginal income taxation as an indirect instrument to influence them.

4.2 The optimal public employment program

To shorten the notation, let

Mt =—ce+(yy—ci)i=1,2, (30)
e = (0" —wp)hp + (y3 —c3) €3]

denote the net tax revenue generated by an individual with innate productivity 0' en-
tering education and public employment, respectively, in the first period. Using ps; to
denote the Lagrange multiplier attached to self-selection constraint (14), which serves
to prevent a true type 1 from mimicking type O by entering public employment in the first
period, the socially optimal wage and work effort in PE are characterized in Proposition
2.

Proposition 2. Under optimal income taxation, the optimal wage wp and work effort hp
in public employment satisfy, respectively, the following policy rules:

[%u/(wphp) — 7\} hp (Np +N3)

Z N]l:) [% (Wpu/(thp) —Vl(hP)Efi(E ’ E S Q]l:)) — }\(Wp — Ocel)]

i=1,2
dNE d (N} +N3) Hs
=A Ept) - —— 7T = uw(wph —V'(h 33
(;Z(dhp E) R ) e (woveheiwe — Vi) )39

—4

Proof See Appendix A.2. [J

We will use the terms direct marginal benefit and direct marginal cost to denote those
marginal benefits and costs that are neither driven by the activity choices in the first
period nor by any binding self-selection constraint. The left-hand side of (32) and (33)
thus measures the difference between the direct marginal benefit and the direct marginal
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cost of wp and hp, respectively, and reflects the extent to which each such instrument is
overprovided or underprovides relative to a standard, first-best policy rule.!”

Without any activity choices in the first period, i.e., if the number of individuals in
each such group were fixed, the direct marginal benefit would be equal to the direct
marginal cost at the social optimum. The discrepancy between them therefore reflects
the fact that the wage rate and the hours requirement in public employment affect the
activity choices of type 0 individuals (the terms proportional to A on the right-hand side)
as well as the incentives of type 1 individuals to mimic type O (the terms proportional
to ws3). Thus, the right-hand side of (32) and (33), respectively, is a consequence of the
government wanting to influence these activity choices.

Let us start with the policy rule for the wage in (32). Note first that us3 > 0, which
means that the final term on the right-hand side helps to (weakly) reduce the wage in
public employment below the level that equalizes the direct marginal benefit and the
marginal cost. The intuition is, of course, that the government aims at preventing type 1
individuals from mimicking type O (which type 1 could otherwise do by entering public
employment).

Turning to the terms proportional to A in the second row, it is easy to see that
dNL/dwp > 0,1 = 1,2. Therefore, given that ANi/dwp = —dNL/dwp, i = 1,2, a
sufficient condition for the second-best optimal wage to satisfy ¢pu’(wphp)/y® —A >0
is

N =—ce+ (yh—ch) > [0 —wplhp+ (Y2 —cd) =Tp, i=1,2. (34)
Thus, if condition (34) is satisfied, the right-hand side of (32) is unambiguously positive,
in which case ¢pu'(wphp)/y® — A > 0. The intuition is straightforward: as long as the
present value of net tax revenues is higher when type 0 chooses education rather than
public employment, the government will set a lower wage in public employment. This
reduces the number of persons in public employment and correspondingly increases the
number of persons in education. In other words, public funds are costly and a lower
wage in public employment leads to additional tax revenue, which, in turn, opens up
for more redistribution.

To go further, suppose (realistically) that I'Z > I'L. Then (34) will automatically hold
for i = 2 if it holds for i = 1. In this case, (34) is equivalent to

ce < [wp — xB'Thp, (35)

namely, the government would like to reduce wp below the level where the left-hand
side of (33) is zero if cg is below the subsidy component of public employment at the

17 An alternative terminology would be distributional marginal benefit and distributional marginal cost,
as they reflect the direct marginal benefits and costs for society of redistributing resources from the taxpay-
ers towards the targeted group, ceteris paribus, i.e., in the absence of any effects via the activity choices
and the incentive compatibility constraints.
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second-best optimum.

If self-selection constraint (14) does not bind so that u; = 0, an analogous sufficient
condition for the second-best optimal wage in public employment to be high enough to
satisfy ¢pu’(wphp)/y® — A < 0 becomes:

M= —ce+ (Y —cl) < [x@' —wplhp + (ys —cd) =Tp, i=1,2. (36)

If condition (36) is satisfied, a higher wage in public employment would lead to more tax
revenue. In this case, there is an incentive for the government to increase the number of
type O individuals entering public employment in the first period and correspondingly
decrease the number of individuals entering education.

Continuing with the policy rule for work hours in (33), we can see that the left-
hand side reflects that a marginal increase in hp affects the utility of type O individuals
entering public employment by wpu/(wphp) —V/'(hp)E (& | & € QL) on average (with
the welfare weight ¢/y° > 1 attached to it), as well as reflects a social cost equal to
A(wp —B1) > 0. Thus, the direct marginal benefits and costs take more complex forms
here than in (32). Note that if (i) type O individuals were paid their marginal product
such that wp = 0!, (ii) self-selection constraint (14) does not bind (such that p3 = 0),
and (iii) there are no behavioral responses in terms of activity choices among type O
individuals, the right-hand side of (33) would be zero. In this case, the choice of hp
would be guided by an "average rule" for labor supply measured among those in public
employment, where the consumption gain of an increase in hp (weighted by ¢/v°) is
balanced against the value of lost leisure for the group as a whole.

Signing the right side of (33) is more difficult than signing the right side of (32).
The reason is that the number of people in public employment can change in either
direction as hp increases. An increase in hp generates more earned income but also a
higher disutility of effort, making the overall effect on utility of remaining in the public
employment state ambiguous. More specifically, if NL and N2 increase in response to
an increase in hp, we can interpret the results in the same way as we did for an increase
in wp above, whereas the results would be the opposite if an increase in hp leads to a
decrease in N1 and N2, respectively.

4.3 Optimal education policy

By using 14 to denote the Lagrange multiplier attached to self-selection constraint (15),
the policy rule for the education transfer is presented in proposition 3.

Proposition 3. Under optimal income taxation, the optimal education transfer is charac-
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terized by the policy rule

| vlee) - ( Y N%) + Y HNG T

i=1,2 i=1,2
dNE d (N} +N3) d (N +N) Ha
= —A § Emt — = - Uy W (cp).
(i_l’z ( dCE E) + dCE P dCE (Cl + C2 ) + ‘you (CF_)
(37)

Proof See Appendix A.2. [J

On the left-hand side of (37), ¢u’(ce)/y° — A represents the difference between the di-
rect marginal benefit of the education transfer - measured by the utility gain per recipient
times the social welfare weight the government places on that utility gain - minus the
direct marginal resource cost. In the absence of any behavioral response to this transfer
among type 0 individuals, and in the absence of any incentive for type 1 to mimic type
0 (in which case p4 = 0), cg would be chosen such that ¢pu/(cg)/y® — A = 0. Thus, if
the activity choices were independent of cg, such a "first-best" decision rule would be
second-best optimal as well in our model, since leisure is separable in terms of the utility
function. This result is analogous to the Atkinson and Stiglitz (1976) theorem.

The second term on the left-hand side and the terms in parentheses on the right-
hand side of (37) arise because the educational transfer affects the activity choices of
individuals of type 0. Since H" < 0 and dNi,/dce < 0, the second term on the left-hand
side is unambiguously positive and works to increase the education transfer beyond the
level that balances the direct marginal benefits and marginal costs discussed above. The
intuition is that the government attaches disutility to long-term unemployment, which
provides an incentive to increase the number of type 0 individuals enrolling in education
in the first period and correspondingly reduce the number of long-term unemployed.
An alternative interpretation is that this component represents an individual-level so-
cial preference; namely, that each individual derives disutility from the severity of the
problem of long-term unemployment.*®

Thus, if (for some reason) the right-hand side of (37) were equal to zero, the re-
sults discussed so far would imply that the education transfer should be chosen so that
du'(ce)/y? — A < 0, i.e., above the level that balances the direct marginal benefits and
costs. An interesting question, therefore, is whether the second-best optimal education
transfer could be even higher, such that the two terms on the left-hand side of (37) sum

18Such a preference may either reflect concern for the welfare of the (most likely) poorest group in soci-
ety or a broader concern for the consequences that long-term unemployment may have (such as increased
prevalence of crime). As long as the functions H'(-) enter in an additively separable way, this change of
assumption about the origin of these functions would neither affect the qualitative result presented in
proposition 3 nor its interpretation.
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to a negative number.
If self-selection constraint (15) does not bind, (i.e., u4s = 0), a sufficient condition
for the right-hand side of (37) to be negative becomes

M =—ce+ (yh—ch) > [0 —wplhp + (Yl —cd) =Tp, i=1,2. (38)

Clearly, (38) is analogous to the condition under which it is welfare improving to reduce
the wage in public employment below the level that balances direct marginal benefits
and costs. This condition has an even stronger implication for the education transfer: if
s = 0 and (38) is satisfied, it is second-best optimal to provide cg in excess of the level
where the two terms on the left-hand side sum to zero, since an increase in educational
attainment also leads to increased tax revenue. Since (38) is identical to (34), and if
I > I't, we can also show, in the same way as above, that a sufficient condition for
(38) to hold is cg < [wp — a0'hp. Therefore, the desire to collect tax revenue provides
an incentive to simultaneously push up ce and push down wyp relative to what would
otherwise be optimal. This mechanism is counteracted when p,; > 0, in which case
the government can relax self-selection constraint (15) by lowering cg. In this case,
therefore, (38) is no longer a sufficient condition for educational provision beyond the
level where ¢pu/(ceg)/y° —A = 0.

4.4 Optimal unemployment benefits

Finally, we turn to the policy rules for unemployment benefits. An individual of type
0 who chooses unemployment in the first period will remain unemployed also in the
second period, and the consumption stream of the unemployed will be {c}!, c}'}. The
optimal unemployment benefits are characterized in Proposition 4.

Proposition 4. Under optimal income taxation, the optimal unemployment benefits are
characterized as follows (for t =1,2):
dNi,

%Bt_lu/(c}j) —)\:| Nu + Z Hl/(Nh)—u
Y i=1,2 dey

(N, (NG
B del F dc!

(cf' + Cg)) (39)
Proof See Appendix A.2. [

The direct marginal benefit per unemployed person, ¢pp*1u/(cH)/y°, and the direct
marginal cost (in utility units), A, appear in the brackets on the left side of the equation
(39). We can also see that the second term on the left is clearly negative, since H' < 0

21



and dNi,/dct > 0 for i = 1, 2, meaning that the disutility society attaches to long-term
unemployment works to reduce the unemployment benefit below the level at which
the direct marginal benefit equals the direct marginal cost, ceteris paribus. Thus, if
the right-hand side of the equation (39) were equal to zero (for whatever reason), the
unemployment benefit would satisfy the condition ¢ u/(cH)/v° —A > 0.

To interpret the right-hand side, note that only two of the activity choices, unem-
ployment and education leading to productivity 01, are directly affected by a change in
unemployment benefits. Also note that AN /dct! = —dN{,/dct'. Therefore, the sign of
the right-hand side of the equation (39) is positive if, and only if, It + ¢ + ¢l > 0, i.e,

el + 5t > ce — (Y3 —c3). (40)

Inequality (40) means that public expenditure per unemployed individual, measured
over the two periods, exceeds net public expenditure (public expenditure minus tax
revenue) per type 0 individual who enrolls in education and realizes productivity 0! in
the second period. If this condition is satisfied, it works to further reduce the unem-
ployment benefit below the level where the left-hand side of (39) equals zero.'® Again,
the intuition is that public funds are costly, and that a decrease in the number of un-
employed (with a corresponding increase in educational attainment) leads to increased
tax revenue. The opposite conclusion would arise in the (less likely) scenario where in-
equality (40) is reversed, in which case there is an incentive to increase unemployment
benefits to avoid pressure on the public funds.

5 Numerical simulations

To gain further insights into the policy implications of long-term unemployment, we
will now turn to numerical simulations. We begin by describing the key components of
the simulations: (i) the distribution of innate ability, (ii) the distribution of effort costs,
and (iii) the functional form of the utility function and the parameters of human capital
production.

5.1 The distribution of innate abilities

The distribution of market wage rates used to approximate the skill distribution is based
on Swedish wage data from 2016, where we assume that 0! represents the 10th wage

19As we indicated above, we have neglected the possibility that a true type 1 individual could mimic the
unemployment choice made by some of the type zero agents in order to benefit from the redistribution
to the unemployed. If we were to add such a self-selection constraint (and in the unlikely case that the
constraint binds), it would further contribute to the "underprovision result," i.e, that the policy rule for
unemployment benefits satisfies ¢ 1/ (by)/y° —A > 0.
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percentile and 02 the 80th percentile of the hourly wage distribution.?° This implies that
0'/02 ~ 0.58.

We are agnostic about the latent productivity of type 0 by assuming ! = n?2 =
0.5, i.e., an equal fraction of latent low-skilled and high-skilled agents of type O in the
economy. In the baseline parameterization, « = 0.9, meaning that individuals of type
0 have a market productivity equal to 90% of the productivity of conventional type 1
agents in the first period.

Type 0 agents make up 10% of the population in the baseline simulation, which
means that v = 0.1.2! The remaining share of the population is divided into 40%
low-productivity agents (conventional type 1, with labor productivity 6!) and 60% high-
productivity agents (conventional type 2, with labor productivity 062). Thus, y! = 0.4 x
(1—-v°) =0.36 and y> = 0.6 x (1 —v°) = 0.54.

5.2 The distribution of effort costs

We assume that the effort cost, &, for type 0 agents is independent of 6 and follows a
generalized Pareto distribution with location, shape, and scale parameters all equal to
1. With these parameter choices, the density reduces to

Thus, the effort cost has support on [1, co) and is heavy-tailed, so that large effort costs
occur with non-negligible probability, affecting the occupational choices of individuals.

5.3 Utility function

Following, e.g., Conesa et al. (2009) and Bastani et al. (2013), consumption utility is

given by
1-n _
u(e) = =1, (41)
1—mn
while the function describing the disutility of labor supply/effort takes the following
form:
hk
v(h) = C?- (42)

We set k = 3 corresponding to a constant consumption (Frisch) labor supply elasticity
equal to 1/(k — 1) = 0.5, which is close to the central estimate of 0.4 reported in the
meta-study of Whalen and Reichling (2017), and setn = 3 corresponding to an elasticity

20The data are administered by the Swedish National Mediation Office and include monthly wages,
expressed in full-time equivalents, for all workers in the public sector and about 50 percent of all workers
in the private sector.

21 According to Statistics Sweden, about 13% of the population aged 20-64 (expressed in full-time equiv-
alents) was supported by transfers or social assistance in Sweden in 2020.
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of intertemporal substitution of 1/3, consistent with recent studies such as Best et al.
(2019) and Ring (2024). The scaling parameter ( is calibrated so that the labor supply
among low-skilled workers is roughly equal to 1 in the baseline parameterization.

We also assume that the hours in public employment cannot exceed full-time (hp <
1). In other words, the government does not encourage overtime among people in pub-
lic employment, which we believe realistically captures the government’s adherence to
prevailing employment protection regulations. Regarding educational effort, we have
chosen e! = e? = ¢ = e = 0.75, corresponding to 75% of the calibrated value of 1 for
the labor supply among low-skilled workers.

5.4 Social objective function and baseline parameterization

In the simulations, we abstract from the (possible) disutility that the government at-
taches to long-term unemployment by omitting the functions H*(-),1 = 1, 2 in equation
(16).22 We also focus on a Utilitarian planner (¢ = y°) as our baseline. Our baseline
parameterization is summarized in Table 1.

Table 1: Parameters in baseline calibration

Parameter Description Value
0! Productivity of type 1 agents 1.42
02 Productivity of type 2 agents 2.43
o Productivity type O agents (as a share of 6')  0.90
v° Share of type 0 agents 0.10
) Welfare weight of type 0 agents 0.10
! Share of type 1 agents 0.36
v? Share of type 2 agents 0.54
e Effort requirement in education 0.75
it Share of type 0 agents with productivity 8!  0.50
2 Share of type 0 agents with productivity 62  0.50
n Coefficient of relative risk aversion 3
k Labor supply elasticity parameter 3

22Simulations with these functions were included in an earlier version of our paper, Aronsson et al.
(2021), where we showed, perhaps unsurprisingly, that aversion to long-term unemployment leads to less
generous unemployment benefits and thus to lower long-term unemployment relative to the baseline.
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6 Quantitative results

6.1 Baseline results

The results for the baseline parameterization are presented in Table 2.2®> With a slight
abuse of notation, we have expressed the number of individuals enrolled in each of the
different occupational states as a percentage of the total number of Type 0 individuals
of each latent productivity type. For example, Nt is measured by dividing equation (22)
by y°7t! such that Ni = F!(&g_y ) —F'(&Ep_g ), and similarly for the number of individuals
entering the other occupational states in equations (22)—(24).%*

Table 2: Baseline results

Tax rates Occupation shares  Pre/post-tax income  Other
Tibl 0.35 NL  0.69 yi 1.52 ci' 1.29
Ti’l 0.00 Ni 0.17 ys 1.55 cst 1.31
T;’z 0.37 N{ 0.14 y? 2.90 ce 1.27
T, 0.00 NZ  0.36 y: 2.98 wp  1.42
T} -0.33 Nz  0.54 cl 2.01 hp 1.00
T} -0.26 N2, 0.11 ci 1.95 hl  1.07
T2  0.11 c? 2.8 hl 1.09
T2 0.15 c; 2.53 h? 1.19
hZ 1.23

23The model is set up numerically using Julia and solved using the state-of-the-art constrained opti-
mization solver KNITRO developed by Artelys Inc. In this way, we follow previous work that has used
KNITRO to solve numerically challenging optimal income tax problems, see, for example, Bastani et al.
(2013, 2020).

24In the theory part, we assumed a logical ordering of the integration constraints such that individuals
choose activities in the following order (depending on the effort cost): public employment, education,
and unemployment. In the simulations, we impose these constraints to discipline the solution procedure,
but then verify that they are not binding in the social optimum.
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Figure 2: Distribution of effort costs and activity choice thresholds
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Figure 2 illustrates the distribution of effort costs and the thresholds determining
activity choices for type 0 agents. The figure shows how the effort cost thresholds &}, ¢,
&L s &% ¢, and &2 |, divide the population into different occupational choices. For
type O agents with latent productivity 0!, those with effort costs below &},  choose
public employment, those between &L ; and &L |, choose education, and those above
&L, choose unemployment. Similarly, for type O agents with latent productivity 62,
the thresholds &3 ¢ and &% |, determine their occupational choices. The figure helps
visualize why we observe the occupational shares reported in Table 2.

Let us begin with the occupational choices. Among type 0 individuals with latent low
skills, we can see that 69% choose public employment, 17% choose education, and 14%
choose unemployment. The corresponding numbers for type 0 individuals with latent
high skills are 36% in public employment, 54% in education, and 11% in unemployment.
Thus, whereas the dominating activity choice among the latent low-skilled is public
employment, the dominating activity choice among the latent high-skilled is education.
In addition, it is (slightly) more common among the latent low-skilled to end up in long-
term unemployment.

In accordance with the theoretical results, the marginal income tax rates imple-
mented for the high-skilled are zero, while the marginal income tax rates implemented
for the low-skilled are positive in both periods. These distortions are necessary in order
to support redistribution in favor of the low-skilled and reflect binding incentive com-
patibility constraints. The average tax rates are negative for the low-skilled (meaning
that part of their disposable income originates from governmental transfers) and pos-
itive for the high-skilled. The numbers in Table 2 indicate a substantial redistribution
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from high-skilled to low-skilled workers.

The labor supply patterns show that high-skilled workers supply more labor than
low-skilled workers in both periods. This result is consistent with the lower marginal
tax rates implemented for the high-skilled, and ensures that those with higher earnings
ability also earn higher incomes than those with lower earnings ability.

Finally, turning to the public expenditure programs targeting type O individuals, we
can see that the wage in public employment (wp = 1.42) is equal to the productivity
of type 1 workers, while the hours requirement (hp = 1.00) corresponds to full-time
employment. The education transfer (cg = 1.27) is set such that education becomes
attractive for those with moderate effort costs, while the unemployment benefits (1.29
and 1.31 in periods 1 and 2, respectively) provide a basic safety net for those ending up
in long-term unemployment.

6.2 Numerical comparative statics

We will now use the numerical model to perform comparative statics analyses. Our
investigation focuses on three key dimensions: the government’s preference for redis-
tribution, the dispersion of the productivity distribution, and the proportion of type 0
agents in the economy.?®> These three dimensions are central determinants of the optimal
redistribution policy in general and the policies aimed at targeting the activity choices
among type 0 agents in particular.2

Government’s taste for redistribution We begin by exploring the role of the govern-
ment’s taste for redistribution by gradually increasing (relative to the utilitarian bench-
mark) the social welfare weight assigned to type 0 agents, from ¢ = 0.1 (the benchmark
value) to ¢ = 0.3. The results are shown in Figure 3.%”

25In these exercises, we vary one such parameter at a time while holding the others constant, consistent
with traditional comparative statics methodology.

26As explained above, variation in the share of type 0 individuals can also be interpreted in terms
of changes in migration flows, while increased wage dispersion has a natural interpretation in terms of
skill-biased technological change.

27The jaggedness in the graphs stems from numerical integration in the optimization process. However,
as shown in Figure 6, the underlying utility components evolve relatively smoothly across the comparative
statics parameters, indicating that the observed irregularities are purely numerical artifacts rather than
substantive features of the model.
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Figure 3: Increase in the government’s taste for redistribution (baseline is ¢ = 0.1)
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As the social welfare weight attached to type 0 agents increases, the marginal tax rate
implemented for type 1 workers increases in the second period, with a corresponding
decrease in the average tax rate and increase in consumption. This is explained by the
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fact that type O agents choosing public employment or education in the first period
become type 1 workers in the second period. Note also that the unemployment benefit
increases in both periods, reflecting the desire to increasingly redistribute in favor of the
long-term unemployed. Thus, there are two distinct channels of redistribution towards
type 0: (i) direct transfers to ordinary type 1 workers in period 2, combined with a
higher marginal tax rate to discourage mimicking, and (ii) increased unemployment
benefits. Whereas the first channel targets those entering the regular labor market in
the second period, the second channel targets the long-term unemployed. The increased
redistribution in favor of type 0 goes through both these channels as ¢ increases.

For type 0 agents with latent productivity 62, there is a shift from public employment
to education. Inducing these agents to attend education is costly because they do not
produce in the first period. However, if ¢ is high, it is, nevertheless, socially desirable to
push a larger fraction of these agents to realize a higher market productivity in period
2.

Increasing the dispersion of the productivity distribution We analyze the effects of
a mean-preserving spread in productivity by varying 0! and 62 while keeping their mean
constant. Define

m:91+92 d:62—61
2 7 2 7

and set
' =m—dA, 6*=m+dA,

with A varying from 0.75 to 1.25, thereby altering the ratio 62/6! without changing the
average productivity. The simulation results are shown in Figure 4.
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Figure 4: Change in the spread of the productivity distribution 62/0* (baseline is A = 1)
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Figure 4 shows that increased productivity disparity leads to more redistribution in
favor of type 1 workers. This result was not unexpected, given the concavity of the
individual utility functions. As the skill level of type 1 workers decreases and the skill
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level of type 2 workers increases, the implicit social welfare weight of the former group
increases with a corresponding decrease in the social welfare weight of the latter.

A mean-preserving spread of the productivity distribution affects occupational choices
among type O agents in a way similar to a stronger governmental preference for redistri-
bution. As the skill gap increases, the number of agents in public employment decreases
among both latent skill types with corresponding increases in educational attainment.
We can also see that higher skill differentials imply more long-term unemployment at
the social optimum. This is because public employment is now a less attractive choice
than before.

Share of type 0 agents in the economy Finally, we investigate the effects of changing
the proportion of type 0 agents, y°, considering values from 0.05 to 0.3, recalling that
the baseline value of v° is 0.1. Consistent with our benchmark, we assume an equal
distribution of latent productivity among these agents, setting ! = 72 = 0.5. The
corresponding simulation results are presented in Figure 5.
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Figure 5: Changes in the share of type 0 agents (baseline is y° = 0.1)
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Note first that increases in y° has little effect on the occupational choices among type
0 agents. The general pattern is that an increase in the share of type 0 agents leads to a
higher fiscal burden on type 1 and type 2 workers, reflected in higher average tax rates
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and declining consumption. Labor supply is also increasing.

6.3 Welfare Analysis

To better understand the welfare implications of the comparative statics analyses, we
decompose the social welfare function into its key components. Figure 6 shows how
these different components of social welfare respond to changes in our key parameters.

Figure 6: Welfare components under different parameterizations
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Note: For Public Employment and Education, solid lines represent welfare at the median effort cost & =
2.00. Shaded ribbons indicate the welfare range corresponding to the 25th (upper edge, & = 1.33) and
75th (lower edge, & = 4.00) percentiles of the ¢ distribution. All entries refer to life-time utility.

The welfare decomposition provides several important insights. First, ordinary type
1 and type 2 workers are generally better off than their type O counterparts. Second, an
increase in the welfare weight attached to type 0 workers contributes to reduce this gap.
We can also see that a mean preserving increase in the wage dispersion makes ordinary
type 1 workers better off (through increased redistribution), type O workers generally
worse off, and leaves the welfare of ordinary type 2 workers relatively unaffected. Fi-
nally, an increase in the share of type 0 workers, as reflected by the third column, makes
all workers worse off, perhaps most so for those in unemployment.
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7 Concluding remarks

This paper is the first to simultaneously analyze the optimal tax policies, transfer mech-
anisms, and public spending programs needed to address the challenges posed by indi-
viduals with limited labor market attachment. In our framework, long-term unemploy-
ment occurs when certain individuals lack the productivity to secure employment in the
regular labor market. These individuals, referred to as "type 0" agents, may belong to
either latent low-skill or high-skill categories, but are unable to translate these skills into
market productivity without the necessary education or training.

We would like to highlight four main conclusions. First, the policy rules for marginal
income taxation are broadly consistent with those derived from standard models of op-
timal taxation. This consistency arises because the activity choices of type 0 agents are
largely unaffected by marginal tax policy. However, the endogeneity of the skill distri-
bution resulting from the influx of individuals into the labor market following success-
ful integration and the increased tax demands resulting from long-term unemployment
have an impact on both marginal and average tax rates.

Second, the optimal design of the education program, the public employment pro-
gram, and unemployment benefits underscores the central role played by the scarcity
of public resources, which in turn created a "tax revenue motive" behind each of these
instruments. This revenue motive serves as a key determinant of whether education and
public employment should be expanded or contracted relative to standard policy rules
that do not take into account the activity choices of type 0 agents. Under reasonable
assumptions, we find that education should be expanded relative to such a policy rule,
while public employment tends to be contracted.

Third, the dilemma of long-term unemployment significantly limits the scope for
redistribution to individuals who are not actively engaged in skill development or vali-
dation. The rationale behind the second and third conclusions is the government’s dual
objective of redistributing resources in favor of the low-skilled while mitigating the chal-
lenges posed by long-term unemployment.

Fourth, using a calibrated numerical model, we show that the government’s propen-
sity to redistribute and the dispersion of the skill distribution play a crucial role in shap-
ing outcomes for type O agents. In particular, increasing the dispersion of productivity
can significantly increase the optimal share of long-term unemployed in a second-best
scenario.

Our study represents a first attempt to integrate the complexities of long-term unem-
ployment into the theory of optimal redistributive taxation and public spending. Future
research can explore extensions such as incorporating unemployment cultures or norms
that may be partially inherited, possibly through the use of an overlapping generations
model. Integrating social aversion to long-term unemployment with poverty aversion
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and poverty alleviation would be another interesting direction for future research.
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A Proofs of Propositions

The Lagrangean of the social decison-problem cn be written as
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In (A1), we have used the following notation:

Vu(el,i)f(ci)dci>

Vp(0%, &) = u(wphp) — &vp(hp) + B (u(cy) —v(y3/0")), i=1,2
VU.(ei: 5) = u’(bl) + BU(bg), i= 1:2
Ve(0',8) =ufce) — &v(e') + B (ulcy) —v(yz/6"))
Ve2(0%, &) = ufce) — &v(e?) + B (u(c3) —v(y3/6%)) .
The limits of integration for ¢ in (Al) are given by
_ u(wphp) —u(ce)
Pt = ) —vel)
o [ulwehp) —ulce)] + B (lucd) —u(c3)] — b(y3/6') — v(y3/62)])
R v(hp) —v(e?) '
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1

L= D) (lu(ce) —ulef)] + B (lu(ch) —v(ys/09] —ulcy))),i=1,2.  (A8)

A.1 Derivation of optimal labor distortions (Proposition 1)

First period The social first-order conditions for labor supply and consumption can be
written as period 1 can be written as:

Y1 (v 4 us 4 eV (y1/61)/0" — wav'(y1/6%) /6% = Ay? (A9)
cr:u(er) (VA s+ s — ) =AY (A10)
yi V' (y7/6%)/6% (V2 + m) = Ay (A11)
ci:uw(c}) (Y + ) =W (A12)

Combining (A1) and (A2), and combining (A3) and (A4), give

Vigl/8) 1\ _ o (V(l/e) T viyl/ed) 1
(1‘ w(c]) @)‘“2“““( wie) o w(c]) @)' i
VI(y/6%) 1Y _

Second period Recall the notation F(&1 ;) = F¢ 1, (and similar for the other variables
of this type). Define

VO =y [ (Feu = Fpo) + (P g + PRl (AL5)

Note also that we can define the following compensated derivative for type 1:

deomp F_ dF | V(yy/6") 1 dF
dy; dy; w(ci) ©'dcs.

(Al6)
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The period 1 analogue to (A13) then becomes

Ay YY) (1 _ Vl(U%/el)l> — wu'(cl) (V/(U%/el) 1 V,(Ué/ez)l)
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—yrmH (Y l-F ()—5— v ™H (v (1 —Fe u——
dyl dy;
dl 7.[1 Fl_ _Fl_
— Ay 2P Ll — )l (—ce + (yz —¢3))
dy;
dl F27 _in
—)\'YOT(Z comp [ E 111 P E)} % (—CE‘l‘(y%_C%))
dy;
dl . |7TFL o+ mFR
e Some | T — s (00— + (43— )
2
dl . [m(1—-F_)+m(1-F2
—|—7\'YO i [ ( Edyl’;) ( £ U)] X (b1+b2). (A17)
2

Note that the compensated derivatives in (A17) are zero. Too see this, note that

Clu BONOL, g,  Lu Bule);
Yo v(et) C3 v(et)

dép e _ de} ¢
Y3 cl

de} ¢ —pv/(y}/e')/0! a2 . pulcl)
y;  vihe) —v(e?) c;  v(he) —v(e?)’

Therefore, equation (A17) reduces to read

w(ci) o1 w(cl) 92>' (A18)

A (Yl +Y0’1) (1 . V/(U%/el)l) — wo/(c)) (V/(U%/el) 1 V/(U%/ez)l
w(cd) o

Let us now proceed with the second period labor supply for type 2 individuals. By using

y0,2 _ YOTCZ(F%—L[ o F]Z:»_E), (A19)

the second period analogue to (A14) can be written as

Ahﬂ+vw)(r—ﬁ§igﬁl>

w(c2) 62
d2 FZ o F2
Ay eome s Pe) L (Cert - )
dy;
d2 FZ
— M’zﬂz% x ((a®' —wp)hy + (Y3 —¢3)) - (A20)
2



The compensated derivatives are zero also in this case, since

déd ¢ BV/(y3/0%)/6° dé2 . —pu/(cd)
y3  v(hp) —v(e?) ¢z v(hp) —v(e?)

d&g o  —BVv/(y3/62)/6° A&z ¢ Pu/(c3)
y: v(e?) ¢z v(er) '

Therefore, (A20) reduces to read

V(y3/6%) 1
(1 — 2—@) = 0. (A21)

w(c3)
A.2 Propositions 2-4

The proofs of Propositions 2-4 follow directly from the social first-order conditions for
Wy, hy, cg , by, and b, presented in appendix A.3 below. More precisely, the policy
rules for the wage and hours of work in public employment in Proposition 2 follow by
reorganizing the social first-order conditions for w,, and h,,, respectively; the policy rule
for the education benefit in Proposition 3 follows by reorganizing the social first-order
condition for cg, and the policy rules for the unemployment benefit in Proposition 4
follows by reorganizing the social first-order conditions for b; and b,.

A.3 Social first-order conditions for c¢, by, by, wy, and h,

FOC for c¢

du’(ce) <7tl [Ft_u—Fpgl +[Ff_ —Fh_ Ez])

dFt
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d
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m Fe_y — Fp_gl) (—ce + (y3 — ¢3))

(71 Fb_g + TFp_¢) (0" —wplhp + (Y3 — c3))

( [1—Fe ]+ —F_yl) (b1 +by) — pau'(ce) =0 (A22)
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FOC for b;(i =1,2,R)

dp 1 (by) <7T1 [1—Ft_J+m1— F%_u])

0, 1341/ (4,01 1 dFi_y 02142 (1,0, 2 2 dFt_y
—y'mH (Y[l —Fe_y])—— — v mH (v [1 -F_])
dbi dbl

— A (M1 —FL_J+ 71— FE_y])

d
+ )\YOE (T[IF%:__U + 7-[2]:]23_[:_) (_CE + (U% - Cé))

d
W (1~ Byl + = Fy]) (by 4 b) = O (A23)

FOC for wp

(I)hpu/(thp) <7T1F]1>]:_ + 7T2F]23E>

d
Ay (R — P (e + (v — b))

d
—AY° Tcsz (Ff_yu— F%,E) (—ce + (y3 —c3))
P

d
N (W (WP e +°F ¢) (100" —wlhp + (y3 —c})

—hp (T'Fp_g + T°Fp_¢) ) — s (wphp)hp =0 (A24)

FOC for hp The FOC for hp is a bit more involved, since the derivative of Vp w.r.t. hp
depends on &, It takes the form

2
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¢ (ﬂl J et (wphp) — &V ()] (E)dE + 2 J

0 0

wp (wehp) — &V'(hp)If2(E) d&)
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