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Resumo
A legislação e as políticas do mercado de trabalho, as quais constituem parte da estrutura
mais ampla de instituições do mercado de trabalho, desempenham um papel crucial no
desempenho econômico. Nesta dissertação, estendo o modelo de Krusell et al. (2008), o
qual incorpora trabalhadores avessos ao risco, fricções no mercado de trabalho, mercados
incompletos e trabalho indivisível, adicionando duas políticas de compensação trabalhista:
pagamento de rescisão e seguro-desemprego. O modelo é calibrado para a economia brasi-
leira, e construo três cenários contrafactuais com base na presença ou ausência de cada
benefício trabalhista. Os resultados sugerem que conforme se introduzem tais políticas,
o consumo agregado mantém-se estável, a taxa de emprego e de desemprego voluntário
aumentam, as razões capital-trabalho e investimento-produto e o salário diminuem signifi-
cativamente. Esse resultado sugere um trade-off entre o nível de seguro, a taxa de emprego
e salário – resultado este que se mantém quando se utiliza parâmetros alternativos para
tais políticas de compensação.

Palavras-chave: Agentes heterogêneos, benefícios trabalhistas, políticas de seguro



Abstract
Labor market legislation and policies, which fall under the broader structure of labor
market institutions, play a crucial role in economy performance. In this dissertation, I
extend Krusell et al. (2008), which features risk-averse workers, labor market frictions,
incomplete markets and indivisible labor, by incorporating two labor compensation policies:
severance payments and unemployment insurance. The model is calibrated to the Brazilian
economy and I construct three counterfactual scenarios, based on the presence or absence
of each labor compensation. The results suggest that as these policies are introduced,
consumption remains relatively stable, employment and voluntary unemployment increases,
frictional unemployment decreases, capital-labor and investment-to-output ratios decline
and wage fall. These finding suggests a trade-off between the level of insurance, employment
rate and wage – a result that holds across alternative labor compensations parameters.

Keywords: Heterogeneous agents, labor compensations, insurance policies

JEL Classification: C60, D52, J30,



List of Figures

Figure 1 – Source: FGTS data (2020–2023), processed by the author (2024) . . . . 14
Figure 2 – Source: FGTS data (2020–2023), processed by the author (2024) . . . . 15
Figure 3 – Asset Accumulation Across the Economies . . . . . . . . . . . . . . . . 26
Figure 4 – Asset Accumulation Across the Economies: γ = 1.75 . . . . . . . . . . . 30
Figure 5 – Labor Supply: “None” Economy . . . . . . . . . . . . . . . . . . . . . . 40
Figure 6 – Labor Supply: “None” Economy . . . . . . . . . . . . . . . . . . . . . . 40



List of Tables

Table 1 – FGTS and UI Economy – Calibration . . . . . . . . . . . . . . . . . . . 24
Table 2 – Policy and Internally Calibrated Parameters for each Economy . . . . . 25
Table 3 – Equilibrium Outcomes Across the Economies . . . . . . . . . . . . . . . 25
Table 4 – Alternative Calibrations: FGTS and UI Economy . . . . . . . . . . . . . 28
Table 5 – Alternative Calibrations: Only UI and Only FGTS Economies . . . . . . 28
Table 6 – Equilibrium Outcomes Across the Economies for γ = 1.75 . . . . . . . . 30
Table 7 – Disaggregating* Unemployment and Voluntary Nonemployment . . . . . 39
Table 8 – Partial Equilibrium Outcomes Across the Economies: Fixed Interest Rate 39
Table 9 – Partial Equilibrium Outcomes Across the Economies: Fixed Prices . . . 39



Contents

1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1.1 Main Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.2 Related Literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2 ENVIRONMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.1 UI and Severance Payment . . . . . . . . . . . . . . . . . . . . . . . . 13
2.2 Households . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.3 Firms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.4 Timing of events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.5 Equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3 QUANTITATIVE EXERCISES . . . . . . . . . . . . . . . . . . . . . 23
3.1 Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4 CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

APPENDIX A – TABLES AND FIGURES . . . . . . . . . . . . . . 39
A.1 Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
A.2 Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

APPENDIX B – COMPUTATIONAL DETAILS . . . . . . . . . . . 41
B.1 Firm’s total fine rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41



10

1 Introduction

Labor market legislation and policies constitute the “formal rules” strand (in the
sense of North (1991)) within the broader structure of labor market institutions. Although
there is little “agreement on what constitutes optimal – or at least good” ones, as argued
by Blanchard (2017), their influence on economic performance is undeniable. In effect, they
shape and induce specific types of working relations, obligations and (sometimes perverse
and unintended) incentives that ultimately affect job quality (Acemoglu and Shimer, 1999;
Nekoei and Weber, 2017), litigation (Corbi et al., 2022), job-search effort (Gerard and
Gonzaga, 2021), informality rates (Haanwinckel and Soares, 2021; Ulyssea, 2010), human
capital accumulation (Acemoglu and Pischke, 1999; Wasmer, 2006), inequality (Autor
et al., 1998) and more.

In Brazil, formal (nonpublic) workers are entitled to a relatively extensive set of labor
compensations established by a statute law known as Consolidação das Leis Trabalhistas.
These compensations include: minimum wage, 13th salary, severance payments (with a
substantial fine paid by the employer if the worker is laid off), unemployment insurance,
30-days notification prior to actual layoff, paid vacation, sick leave, paid maternity leave
(120 days), transportation and food vouchers, paid weekly rest, overtime pay, eight-hour
workday, and more. Moreover, collective bargaining agreements (negotiated either between
employee and employer unions or between employee unions and employers) can extend the
previous set.

With these aspects in mind, I focus on two labor compensations from that set:
unemployment insurance (UI) and severance payments (SP). This choice is motivated
by their underlying insurance purpose1 against states of nature in which a layoff occurs.
Specifically, I examine how an economy with these two policies compares to one with only
“market insurance”2 (where both policies are absent) as well as to economies featuring only
one labor compensation. In fact, as the labor compensations are turned off, the extent to
which a worker can be worse off also changes, inducing different risk attitudes (particularly
regarding labor supply and self-insurance) across the economies being compared. Never-

1Although this is clearer for UI, BRASIL. Caixa Econômica Federal (2025) (in Portuguese) remarks
the FGTS has “purpose of supporting the worker in the event of unjustified dismissal or serious illness”.

2I use this expression inspired by Acemoglu and Shimer (1999), although they develop this notion by
incorporating richer features on the production side than I do.
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theless, this does not imply that the adjustment mechanisms and their relative importance
are already settled, especially in a general equilibrium environment.

1.1 Main Results

As previously indicated, four economies will be compared based on the presence or
not of each labor compensation.

The comparison suggests a trade-off between the level of insurance, employment
rate, and wages. As we introduce the labor compensations, households reduce their savings,
as they are guaranteed some level of consumption in a layoff event. At the same time, wages
declines, as the financing of the policies alters the marginal productivity of production
inputs. Ultimately, more (or more generous) labor compensations are introduced, we
observe a higher employment and voluntary unemployment rates, but a lower wage.

1.2 Related Literature

This dissertation contributes to the large literature dealing with extensions of
the workhorse incomplete markets models (Huggett, 1993; Aiyagari, 1994). The main
innovation lies in incorporating labor market frictions alongside two labor compensations,
unemployment insurance and severance payments. While I am not the first one to analyze
labor compensations using this framework – see, for instance, Krusell et al. (2010) – I
highlight an apparent trade-off generated by the introduction of insurance policies, such
as UI and severance payments.

Furthermore, this dissertation also relates to the literature evaluating and quanti-
fying the impact of labor policies on aggregate outcomes. For instance, Haanwinckel and
Soares (2021) links the improvement in workers’ education levels to a substantial drop
in Brazil’s informality rate, despite a significant increase in the minimum wage over the
period analyzed. Another example is Ulyssea (2018), who employs an “estimated model to
conduct counterfactual analyses of different formalization policies”. These policies include:
reducing formal entry costs; greater enforcement on informal firms; greater enforcement
on formal firms; and reducing payroll tax. Other related papers include Wasmer (2006),
Nekoei and Weber (2017), Engbom and Moser (2022), Corbi et al. (2022), Araujo et al.
(2016), Gerard and Gonzaga (2021), among others.
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An outline of this dissertation is as follows. The next section provides an overview
of some key features of the Brazilian labor market and introduces the model. Section 3
presents quantitative exercises, comparing economies with different labor compensation
policies across various outcomes. Section 4 concludes and makes final remarks.
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2 Environment

The model builds on Krusell et al. (2008), whose core characteristics include indi-
visible labor, incomplete markets and frictions. Their environment features: (i) individual
labor supply is represented by a binary choice (Hansen 1985; Rogerson, 1988); (ii) a
market structure with no insurance against idiosyncratic shocks (Huggett, 1993; Aiyagari,
1994); and (iii) the households do not transition between employment and nonemployment
necessarily according to their choice (Pissarides, 1985).

In simple terms, their model allows for the categorization and measurement of
nonemployed households. Specifically, the authors examine how labor market frictions,
in interaction with labor supply decisions, influences aggregate outcomes through two
channels: frictional nonemployment (individuals willing to work but awaiting for a job offer)
and voluntary nonemployment (individuals who would decline an offer). By incorporating
unemployment insurance and severance payments into the model, the key questions
become whether – and to what extent – these labor compensations enhance or weaken
work incentives as well as the channels through which they operate.

Next, it follows some general features about the Brazilian labor context regarding
its unemployment insurance (UI) and the severance payments (SP) policies.

2.1 UI and Severance Payment

The innovation in relation to Krusell et al. (2008) concerns mainly the inclusion
of two kind of labor compensations, intended to mimic the Brazilian labor legislation1:
Seguro-Desemprego (UI) and Fundo de Garantia do Tempo de Serviço (i.e., FGTS or SP).
From now on, they are going to be used interchangeably.

In Brazil, the UI is one from a set of policies that are only supported by a fund,
Fundo de Amparo ao Trabalhador, which in turn are mainly financed through a tax on
firm’s gross revenues. The potential duration of UI varies from three to five months,
depending on the worker’s job tenure accumulated during the 36 months prior to layoff:

1See Gerard and Gonzaga (2021) and Amorim and Bilo (2019) (in Portuguese) about some of its
uncommon features.
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more than 24, 12 or 6 allows 5, 4 or 3 months of payment, respectively. Its size depends
on the average wage in the three months prior to layoff, varying from 100% up to 160%
of the minimum wage in force. Furthermore, an eligible formal worker must apply to the
benefit from 7 and up to 120 days after layoff2.

The Brazilian Severance Payment Program, named FGTS, works as follows. The
employer must make monthly deposits (corresponding to 8% of the employee’s paycheck)
in a specific account registered atCaixa Econômica Federal, a public company that acts as
a financial institution. However, the employee can withdraw (or use) the resources only
under specific conditions: layoff; anniversary withdraws (Saque-Aniversário); retirement;
acquisition, settlement, amortization of debt or payment of part of housing loan; and the
list goes on. Importantly, if an employee is laid off, the employed must pay a 40% fine over
the total value of deposits the employer has already made. I will look only at the layoff
withdrawal condition as well as the fine related to that event. The next two figures show
the most important categories of access in terms of quantity (Figure 1) and of value being
withdrawn (Figure 2).
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Retirement
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Figure 1 – Source: FGTS data (2020–2023), processed by the author (2024)

2See Brasil. Ministério do Trabalho e Emprego (2025) (in Portuguese) and Brasil. Caixa Econômica
Federal (2025) (in Portuguese).



Chapter 2. Environment 15

0%

25%

50%

75%

100%

2020 2021 2022 2023
Year

To
ta

l
Category

Layoff

Layoff: Fine

Retirement

Saque Aniv.

Operations Saque−Aniv.

House Purchase

Amortization −− House

Portion Payment

Others

Total Fraction by Category: Value of Withdrawals

Figure 2 – Source: FGTS data (2020–2023), processed by the author (2024)

In the next subsection, I start the introduction of the model.

2.2 Households

There is a continuum of measure one of ex-ante identical and infinitely-lived
households, each with preferences given by

E

{ ∞∑
t=0

βt

[
c1−γ

1 − γ
− θht

]}

where θ > 0 is the disutility of work, β ∈ (0, 1) is the intertemporal discount rate, γ ∈ R++

is the relative risk aversion coefficient, ct ≥ 0 denotes consumption and ht ∈ {0, 1} denotes
the labor supply.

From now on time subscripts are dropped and prime (′) will denote the next period
value of a giving variable.

Assume that the households cannot insure themselves against idiosyncratic shocks
(described further ahead). Instead, they can self-insure by purchasing risk-free, one period
bonds that yield a return of r. Therefore, holding a units of this asset entitles its holder to
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receive (1 + r)a in the next period. Assuming the households can only purchase the asset
implies that none of them will borrow resources: a ∈ R+.

The bonds are managed by financial intermediaries operating in a competitive
market. These intermediaries are responsible for issuing bonds and pooling the resources
from these transactions. Therefore, the households constitute the supply side of resources
of this system – the demand side is explained in the following subsection.

Assume the economy is endowed with an exogenous information technology capable
of: (i) randomly drawing households from each specific status and offering them an
opportunity to work and (ii) collecting, storing, and updating information on their labor
supply choices and enforcing them. Therefore, for a household that begins a period with a
job history of e ∈ E ≡ N∪ {0}, the technology updates his record to: e + 1 if the household
supplied labor; to e if it did not; or to 0 if he received a severance payment.

Each household falls into one of four status3 defined according to the distinctive
type of income it receives: wage (W ), UI-only (NUI) and both UI and SP (NSP ). The
fourth status (N0) defines households that do not receive any of these income sources and,
as such, are fully reliant on past savings. Moreover, N0, NUI and NSP can collectively
be referred to as “nonemployment status”. A transition between status involves three
dimensions: feasibility, opportunity and choice – an idea that will be formalized later.

Households differ by their holdings of a riskless asset, a ∈ R+, by their accumulated
job history, e ∈ E , and by their status s ∈ S ≡ {W, N0, NUI , NSP }. In each period they
choose the level of consumption c ∈ R+, the level of savings (via asset purchase) a′ ∈ R+

and its future status (deciding between employment and nonemployment if given the
opportunity to choose) among the set of feasible status, given their current state variables
(a, e, s).

Having all those general aspects in mind, the dynamic programming problem faced
by a household are captured by the next Bellman equations

The Bellman equation for an individual who currently supplies labor is

W (a, e) = max
c,a′

{
[u(c) − θ] + β

[
σNSP (a′, e′) + (1 − σ) max{W (a′, e′), N0(a′, e′)}

]}
(2.1)

subject to c + a′ ≤ (1 + r)a + w, a′ ≥ 0 and e′ = e + 1.
3In Krusell et al. (2008), the imagery of “islands” is used, inspired by the model of Lucas and Prescott

(1974). However, what they refer to as “leisure island” takes on a more heterogeneous meaning in this
context. Therefore, “status” appears to be a more precise term to describe the new environment.
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For that reason, there is a disutility of θ related to supplying labor, which also
justifies why wage w appears in the budget constraint and the update of the job history
from e to e′ = e + 1. Moreover, the continuation value not only depends on the current
decisions about savings a′ and the next period accumulated job history, but also on the
draw the technology makes. On one hand, with probability 1 − σ, the technology allots
a choice opportunity to the household: to stay with status W (i.e., stay employed) or to
transition to the nonemployment status N0 (in this case, leisure). On the other hand,
with probability σ the household mandatorily transitions to the nonemployment status
NSP . As also noted in Krusell et al. (2008), loosely speaking, σ can be understood as an
exogenous separation rate.

The Bellman equation for an individual who currently is at leisure is

N0(a, e) = max
c,a′

{
u(c) + β

[
(1 − λw)N0(a′, e′) + λw max{W (a′, e′), N0(a′, e′)}

]}
(2.2)

subject to c + a′ ≤ (1 + r)a, a′ ≥ 0 and e′ = e + 0.

Being at leisure means the household’s consumption depends on running down its
assets. Since it does not work, the job history is not updated (e′ = e) and there is no
disutility related to work. Moreover, the draw is somewhat different from before: now, the
options are “stay at leisure” (N0) or “go to work” (W ). If it does not receive a job offer,
there is no choice but to stay at leisure, N0. If it does receive an offer, then it means the
technology allotted it an opportunity to choose between transitioning to status W or to
N0. Again, as indicated in Krusell et al. (2008), λw can be understood as the job arrival
rate, loosely speaking.

While a household is at leisure, there is neither job history reset nor accumulation.
The firm had already paid its due obligations, so the household is already entitled to the
severance payment consistent with e periods of job history. The access to this resource,
however, only happens after it transitions to NSP .

The Bellman equation for an individual who currently receives both the severance
payment (FGTS) and the unemployment insurance is

NSP (a, e) = max
c,a′

{
u(c) + β

[
(1 − λw)NUI(a′) + λw max{W (a′, 0), NUI(a′)}

]}
(2.3)

subject to c + a′ ≤ (1 + r)a + ρw + SP (e) and a′ ≥ 0.

The only way to get to the status NSP is through a layoff. This implies some
level of accumulation of job history. In effect, the purpose of this variable, at least from
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a household’s perspective, takes place when this status is reached: a worker with a job
history of ẽ will receive a severance payment equal to SP (ẽ) = (1 + ϕ)f ẽw. This term
corresponds to the sum of the contributions made by the firm in the name of the worker,
f ẽw, multiplied by the fine due to the layoff, (1 + ϕ). Moreover, the household is currently
eligible to UI, materialized by ρw.

The continuation value, once again, is conditional upon receiving a job offer.
However, differently from before, if the worker does receive an opportunity to work, then
he can choose between the continuation value of work or to receive the UI for one more
period. Notice that the job history is reset to 0, regardless of his choice, since he has
already received the due severance payment.

The Bellman equation for an individual who only receives the unemployment
insurance is

NUI(a) = max
c,a′

{
u(c) + β

[
(1 − λw)N0(a′, 0) + λw max{W (a′, 0), N0(a′, 0)}

]}
(2.4)

subject to c + a′ ≤ (1 + r)a + ρw and a′ ≥ 0.

The distinctive feature of this Bellman is that the household would receive UI in the
current period, but it is no more eligible to it from the next period on. Being nonemployed,
once again, means the continuation value is contingent on receiving a job offer or not.
Since the severance payment was paid in the previous period (i.e., when it had status
NSP ), regardless of its opportunity draw, the continuation value is associated with a reset
job history.

Notice that an individual can receive unemployment insurance for two consecutive
periods at most. Furthermore, the FGTS are only paid after being laid off. After this event
occurs, the individual resets the job history and restarts the its accumulation process –
until being laid off again and so on.

Define the correspondence F : S → S, where F (s) informs the set of feasible
transitions from status s ∈ S – e.g., F (W ) = {W, N0, NSP }. The transition opportunities
are idiosyncratic and characterized by an i.i.d. stochastic process following a Bernoulli
distribution with parameter o(s) ∈ [0, 1], with s ∈ S: a “successful” draw means the
household received an opportunity to transition. Specifically, o(W ) = 1 − σ and o(N0) =
o(NUI) = o(NSP ) = λw. Those who do not receive an opportunity will mandatorily
transition to a specific nonemployment feasible status, while those who receive it can
choose between working and nonemployment: the union of both sets generates the feasible
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set, given the current status. The feasibility and opportunity dimensions together define
the law of motion of the idiosyncratic shock, named P .

S ≡ R+ × E × S as the economy state space for each household4. Define h :
R+ × E × S → {0, 1} as the optimal labor supply choice conditional on being given the
opportunity to choose when one faces the state variables (a, e, s) ∈ R+ × E × S. As there
is an intrinsic relation between the labor supply choice and future status, this function
also informs the future status of a given household. Define also a′ : S → R+ as the optimal
savings choice and c : S → R+ as the optimal choice regarding the level of consumption.

Let Σ be the Borel σ-algebra of S. Define M as the set of all probability measures
on space (S, Σ). Then, a transition function Q : S × Σ → [0, 1] can be defined when taking
into account the asset and labor supply policy functions and the law of motion of the
idiosyncratic shock P .

2.3 Firms

The production side of this economy consists of a representative firm operating
in a competitive market. To produce consumption goods, it hires a mass of workers (H)
and rents capital (K) in each period seeking profit maximization. Moreover, this firm is
endowed with the following production function:

Y = KαH1−α

where α denotes the capital’s share of income.

For each hired worker, the firm pays the wage increased by the rate (1 + x)f ,
which results in (1 + (1 + x)f)w. This rate gives the total tax the firm must pay due
to legal obligations regarding the severance payment in the economy. It is important to
highlight that this rate aims to balance two events: (i) in the event of a layoff, if the worker
accumulated a job history of e periods, it is entitled to receive a severance payment equal
to SP (e) (which was defined in the previous subsection); and (ii) in any given period,
there must be sufficient resources to pay for all due severance payments. In summary,
hiring a mass H of workers implies a total labor cost of (1 + (1 + x)f)wM .

4Without loss of generality, we can use ÑUI(a, e) ≡ NUI(a), so that the related value function is also
defined in space R+ × E as the others.
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For each unit of capital rented, the firm must pay an interest rate r̃. This rent is
paid to financial intermediaries, who are assumed to be the capital owners – consequently,
this representative firm constitutes the demand side of resources of the system operated by
the financial intermediaries. Given the competitive structure of the financial intermediation
market, its players exhaust all arbitrage opportunities in equilibrium, implying r̃ = r + δ.

In a steady-state equilibrium, prices (r, w) will be constant. Therefore, given (r, w),
the firm chooses (K, H) in order to solve:

max
(K,H)

{(1 − τ)Y − (r + δ)K − (1 + (1 + x)f)wH} (2.5)

where τ ∈ [0, 1) denotes the tax rate levied by the government to finance the unemployment
insurance transfers (satisfying budget balancedness) and δ ∈ (0, 1) denotes the capital
depreciation rate.

2.4 Timing of events

At the beginning of the period, the transitions among status (determined by the
technology draw from the previous period) are enforced. Then, the firm chooses how much
of labor and capital it will use to produce the consumption goods. Once the production is
concluded, the firm pays the wage to the workers, while also retaining the rate (1 + x)fw

for each hired worker. Furthermore, it pays the rent according to the level of capital it
hired from the financial intermediares. Finally, it settles the output tax, τY .

At this point, the information technology updates the job history value for those
who worked. Then, the UI is paid to the households with status NSP and NUI , while those
with status NSP receive the severance payments according to their accumulated job history
– and technology resets this variable for them right after that. Moreover, each household
receives (1 + r) over each unit of the assets they hold from the financial intermediaries.
Afterward, each household implements their decision regarding consumption, labor supply
(if given the opportunity to choose) and savings (buying bonds issued by the financial
intermediaries for that matter). The financial intermediaries pool the resources, which will
be rented to the representative firm in the following period.

Right at the end of the period, the technology draws households from each status
that will receive opportunities to transition: (i) a fraction σ of the households with status
W who will mandatorily transition to status NSP , while the remaining ones are given
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the opportunity between staying with status W or transition to status N0; (ii) a fraction
(1 − λw) of the households with status N0 who will mandatorily stay with status N0 and a
fraction λw who will be able to choose their future status among W and N0; (iii) a fraction
(1 − λw) of the households with status NSP who will mandatorily transition to NUI and a
fraction λw who will be able to choose his future status among NUI and W ; and (iv) a
fraction (1 − λw) of the households with status NUI who will mandatorily transition to
status N0 (with a zero job history) and a fraction λw who will be able to choose his future
status among W and N0 (both of which under a zero job history scenario). Finally, the
last step is to implement the labor supply choice each household previously made in the
current period, which defines transitions that will be enforced right at the beginning of
the next period.

2.5 Equilibrium

The Recursive Stationary Equilibrium consists of the value functions W (a, e),
N0(a, e), NSP (a, e) and NUI(a); time-invariant prices (r, w); optimal decision rules, c(a, e, s),
a′(a, e, s) and h(a, e, s); time-invariant distribution function over state variables for each
status, λ(a, e, s); a tax and total fine rates (τ, x); and a vector of aggregates (K, H) such
that

1. taking as given the prices (r, w), a′(a, e, W ), c(a, e, W ) and h(a, e, W ) are the as-
sociated savings, consumption and labor supply optimal decision rules that solve
(2.1);

2. taking as given the prices (r, w), a′(a, e, N0), c(a, e, N0) and h(a, e, N0) are the
associated savings, consumption, and labor supply optimal decision rules that solve
(2.2);

3. taking as given the prices (r, w), a′(a, e, NSP ), c(a, e, NSP ) and h(a, e, NSP ) are the
associated savings, consumption and labor supply optimal decision rules that solve
(2.3);

4. taking as given the prices (r, w), a′(a, e, NUI), c(a, e, NUI) and h(a, e, NUI) are the
associated savings, consumption and labor supply optimal decision rules that solve
(2.4);
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5. the representative firm solves (2.5) taking prices (r, w) as given;

6. λ(a, e, s) constitutes a stationary distribution consistent with optimal decision rules
a′(a, e, s), c(a, e, s) and h(a, e, s) and with the transition function Q defined over
space (S, Σ);

7. The asset market clears:

K =
∫

S
a′(a, e, s)dλ(a, e, s)

8. The labor market clears:

H = (1−σ)·
∫
R+×E

h(a, e, W )dλ(a, e, W )+λw ·
∫
R+×E×{N0,NSP ,NUI}

h(a, e, s)dλ(a, e, s)
(2.6)

9. The goods market clears:

Y = I +
∫

S
c(a, e, s)dλ(a, e, s)

where I ≡ K ′ − (1 − δ)K;

10. The government budget is balanced:

τY = ρwR

where R denotes the mass of UI eligible households:

R =
∫
R+×E×{NSP ,NUI}

λ(a, e, s)da de ds

11. The severance payment funds are balanced:

(1 + x)fw

(∫
R+×E

λ(a, e, W )da de

)
=
(∫

R+×E
[σ · λ(a, e, W )]SP (e)da de

)
(2.7)

assuming the initial value for the FGTS balance is zero.
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3 Quantitative Exercises

3.1 Calibration

The numerical solution to the model is achieved using Howard’s improvement
algorithm (see Ljungqvist and Sargent, 2018), as well as the discretization of the asset
and job history spaces.

The model period length is set to one month. As previously mentioned, the idea is
to mimic the Brazilian economy. Then, internally calibrated parameters are calculated
based on targets appropriate for the Brazilian environment, while the external ones are
set either according to its labor legislation or according to common values in the economic
literature. Specifically, the depreciation rate and the disutility of work are calibrated to
induce an employment-to-population ratio of 0.596 (using the 1990-2024 Brazilian average
provided by International Labour Organization, 2025) and an investment-to-output ratio
of 0.18 (using the 1995-2022 average of the Brazilian System of National Accounts1).
Additionally, the total fine rate x is internally calibrated to ensure that contributions and
withdrawals of the severance payments are balanced (see Appendix B.1). Table 1 below
describes the calibrated parameters used for the FGTS and UI economy:

1See Table 7 from https://www.ibge.gov.br/en/statistics/economic/national-accounts.

https://www.ibge.gov.br/en/statistics/economic/national-accounts
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Table 1 – FGTS and UI Economy – Calibration

Parameter Description Value Source
α Capital’s share of income 0.33 Literature
δ Depreciation of capital 0.005548786 Internal Calibration
γ Relative risk aversion coefficient 2 Literature
β Intertemporal discount rate 0.995 Literature
f FGTS contribution rate 0.08 Brazilian Legislation
ϕ FGTS fine rate 0.4 Brazilian Legislation
θ Disutility of work 0.47985 Internal Calibration

λw Job arrival rate 0.1 Engbom and Moser (2022),
Table 1

σ Job separation rate 0.04 Engbom and Moser (2022),
Table 1

ρ UI replacement ratio 1.6 Gerard and Gonzaga (2021),
Amorim et al. (2023)

τ Output tax 0.0706782 Internal Calibration
x Firm’s total fine rate 0.3067 Internal Calibration

It is worth mentioning how the value for ρ was set. To do so, two pieces of information
were gathered: average UI take-up duration (≈ 4 months; see Gerard and Gonzaga (2021),
Table D.1) and average replacement ratio (≈ 0.8; see Amorim et al. (2023)). As mentioned
before, (i) a household can receive unemployment insurance up to two consecutive periods
and (ii) each period in the model corresponds to one month. Therefore, the model compress
four UI transfers into two periods – resulting in a replacement ratio of ρ = 1.6 per eligible
period.

The internally calibrated parameters are calculated using the economy with “full”
labor compensations presented in the table above. All parameters remain the same across
each quantitative exercise, except for those directly related to labor compensations2 and
the ones that are internally calibrated based on them: respectively, (f, ρ) and (x, τ). Table
2 below shows their values for the other economies:

2We can keep ϕ = 0.4 across the exercises since f = 0 is sufficient to shut off the severance payments
policy.
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Table 2 – Policy and Internally Calibrated Parameters for each Economy

Parameter FGTS and UI Only FGTS Only UI None
f 0.08 0.08 0 0
ρ 1.6 0 1.6 0
x 0.3067 0.2963 0 0
τ 0.0706782 0 0.07822 0

When UI is turned off, NUI status loses its purpose. Consequently, (2.3) replaces
transitions to NUI with transitions to N0 (resetting job history). When FGTS is turned off,
the technology no longer updates job history, effectively eliminating severance payments
from the economy. As such, SP (e) is removed from the budget constraint for individuals
in status NSP and the job history state variable is dropped from the value functions
representing the new dynamics. In the “market insurance” scenario (i.e., when there is
neither UI nor FGTS), the transitions occur directly between status W and N0, with σ

draws leading to mandatory transitions to status N0.

The quantitative exercises compares the outcomes under the market insurance with
those under the different combinations of FGTS and UI policies. The results are presented
below in Table 3 and are going to be disucussed in the following subsections.

3.2 Results

Table 3 – Equilibrium Outcomes Across the Economies

Equilibrium Outcomes FGTS
and UI

Only
FGTS

Only
UI None

Employment 0.5960 0.5842 0.5897 0.5741
Stayers 0.9814 0.9716 0.9743 0.9643
Frictional Unemployment* 0.3330 0.3874 0.3809 0.4259
Voluntary Unemployment* 0.0709 0.0284 0.0294 0.0000
Capital-Labor Ratio 1.0 1.1193 1.0119 1.1513
I/Y Ratio 1.0 1.0778 1.0078 1.0983
Wage 1.0 1.1181 1.1000 1.2458
Interest Rate 1.0 0.9950 0.9620 0.9513
Output 1.0 1.0177 0.9941 1.0118
Consumption 1.0 0.9989 0.9996 0.9957

*These outcomes are disaggregated by status in Table 7.
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The “Employment” outcome defines the mass of households currently supplying
labor. On the one hand, the result of “Frictional Unemployment” defines the mass of
households that would accept a job offer if given the opportunity – it represents households
looking for work. On the other hand, “Voluntary Unemployment” defines the mass of
households that would reject a job offer if given the opportunity – it represents households
not looking for work. These three metrics can be interpreted in the following “cross-section”
sense: in any given period, they inform the mass of people belonging to each category.
They can also be understood in a “time-series” sense: over the long-run, the variables
indicate the fraction of time a given individual would spend in the respective category.
Finally, “Stayers” refers to the fraction of employed workers that would choose to continue
working, if given the opportunity. In the Figure 3 below, I compare the accumulation of
assets in each economy presented in Table 3:

Figure 3 – Asset Accumulation Across the Economies

On the production side, introducing labor compensations lowers the marginal
productivity of labor (and also lowers the marginal productivity of capital, in the case of
UI financing). This means that, for a given wage and interest rate, the firm demands less
capital and less labor.

On the consumption side, for a given interest rate and wage, introducing labor
compensations enhances the attractiveness of the job. Moreover, households tends to
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reduce their precautionary savings3, since they are guaranteed some level of consumption4.
Given that the disutility of work remains constant and households save less, for a given
wage level, a larger share of individuals would be willing to supply labor if given the
opportunity.

Taking both the consumption and production into account, it is conceivable that
households would want to supply labor if their savings fall below a given threshold, say a –
a cutoff that depends on the wage offered in the job, among other factors such as risk-
aversion and the disutility of work. As indicated before, we can expect a lower equilibrium
wage when labor compensations are introduced. However, the resulting employment rate
is ambiguous: (i) on the one hand, labor compensations makes work more attractive,
increasing labor supply and reducing savings, ceteris paribus; (ii) on the other hand,
the introduction of labor compensations induces a lower wage, which in turn lowers the
threshold a. In summary, this outcome depends on the relative strength of these opposing
forces.

When we examine the main exercise presented in Table 3, they suggest that the
force described in (i) more than offset the effect outlined in (ii). This pattern appears to
hold even for different policy parameters (Tables 4 and 5) as well as in partial equilibrium
exercises (Tables 8 and 9). In particular, the “None” column in Table 9 indicates that if a
lower wage – specifically, the one observed in the “FGTS and UI” economy – were in place,
more households would be induced to supply labor, even though the associated cutoff level
a would also be lower as a result of the wage reduction5. Moreover, the presence of some
labor compensation, as represented in “Only FGTS” and “Only UI” columns in the same
table, provides insurance to workers and results in lower labor supply compared to the
“None” case. This indicates that the outcome under “None” is also driven by a stronger
precautionary savings motive.

3The risk of a lower consumption level arises during a layoff, which risk-averse households seek to insure
against. In the absence of any policy, individuals can maintain a stable consumption path only through
asset accumulation (i.e., bond purchases) during employment periods. Then, when a layoff occurs and wage
income ceases, individuals run down their assets until they go back to work. With labor compensations in
place, households are entitled to either a fixed (UI) or variable income (FGTS) – or both – upon being
hit by layoff. In this new scenario, employment itself becomes an insurance channel, by making workers
eligible for some form of compensation.

4This seems to be the case since, as indicated in Table 3, the aggregate consumption is roughly the
same across economies, while Figure 3 indicates a lower accumulation of assets as more insurance is
provided.

5This is equivalent to stating that a greater mass of individuals chooses a level of savings that falls
short of a when the wage is lower.
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Table 4 – Alternative Calibrations: FGTS and UI Economy

Equilibrium Outcomes:
FGTS and UI Economy

f = 0.08,
ρ = 0.8

f = 0.04,
ρ = 1.6

f = 0.04,
ρ = 0.8

f = 0.08,
ρ = 2.4

f = 0.12,
ρ = 1.6

f = 0.12,
ρ = 2.4

Employment 0.5936 0.5961 0.5852 0.6017 0.6003 0.6098
Stayers 0.9780 0.9779 0.9726 0.9845 0.9864 0.9923
Frictional Unemployment 0.3567 0.3606 0.3857 0.3219 0.3084 0.2784
Voluntary Unemployment 0.0498 0.0432 0.0291 0.0764 0.0913 0.1117
Capital-Labor Ratio 1.0548 1.0038 1.0571 0.9518 1.0020 0.9519
I/Y Ratio 1.0362 1.0025 1.0377 0.9676 1.0013 0.9677
Wage 1.0547 1.0474 1.1069 0.9497 0.9564 0.9094
Interest Rate 1.0017 0.9852 0.9932 0.9953 1.0059 1.0082
Output 1.0138 1.0015 1.0002 0.9930 1.0078 1.0065
Consumption 1.0040 1.0050 0.9950 1.0023 1.0035 1.0120

Table 5 – Alternative Calibrations: Only UI and Only FGTS Economies

Equilibrium Outcomes*:
Only UI and Only FGTS

Economies

Only FGTS Only UI
f = 0.04,
ρ = 0.0

f = 0.12,
ρ = 0.0

f = 0.0,
ρ = 0.8

f = 0.0,
ρ = 2.4

Employment 0.5807 0.5906 0.5829 0.5973
Stayers 0.9672 0.9792 0.9706 0.9788
Frictional Unemployment 0.4115 0.3449 0.3976 0.3604
Voluntary Unemployment 0.0078 0.0644 0.0195 0.0423
Capital-Labor Ratio 1.1323 1.1155 1.0743 0.9609
I/Y Ratio 1.0863 1.0756 1.0489 0.9738
Wage 1.1778 1.0638 1.1680 1.0401
Interest Rate 0.9774 1.0011 0.9626 0.9523
Output 1.0156 1.0278 1.0018 0.9889
Consumption 0.9998 1.0034 0.9988 1.0027

* The outcomes of this table, with the exception of the first four rows, are normalized according to the
first column of Table 3, “FGTS and UI”.

Let us focus on Tables 4 and 5, and compare them to the corresponding economy
in Table 3. Generally speaking, as labor compensations become less (more) generous,
we observe the following trade-off: the employment and voluntary unemployment rates
decrease (increases), while the wage increases (decreases). This relates to the static model
of Acemoglu and Shimer (1999), but the answer is in the opposite direction: in the presence
of labor compensations, we observe both a lower unemployment “risk” and a lower wage.

Imagine a single individual with arbitrary preferences choosing among the economies
presented in Tables 3, 4 and 5. This decision, we may argue, would involve weighting several
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factors: the expected consumption level and variance6, the fraction of time that must
be devoted to work and job search, and the wage level. We would expect that someone
highly risk-averse tends to prefer an economy featuring a low consumption variance,
specially during unemployment7. However, for someone with low risk-aversion (possibly
risk-neutrality), they tend to care more about the level of consumption. For that reason,
the wage level may be more informative in this regard, as the aggregate consumption
calculated is more fitted to someone with the same preferences as “native” households –
CRRA utility with γ = 2 and θ = 0.47985. In short, the degree of risk aversion is expected
to play a central role in how an arbitrary individual would sort these economies.

Notice there is some heterogeneity across the exercises when one labor compensation
policy is varied while the other is held constant. In particular, unemployment insurance
(UI) tends to be more detrimental to the production side compared to the FGTS, as it
lowers the marginal productivity of both labor and capital. This, in turn, induce lower
Capital-Labor and Investment-to-Output (I/Y) ratios, wage and output. Nevertheless,
these policies tend to increase aggregate consumption and the employment rate – at least
for low values of f . Furthermore, this explanation also appears to account for the observed
changes in the interest rate when comparing each policy in isolation. Even considering the
asset accumulation patterns depicted in Figure 3, Table 5 suggests that more generous
FGTS benefits tend to raise the interest rate, whereas more generous UI benefits tend to
lower it.

In the Table 6 below, I recalculated the Table 3 using a lower degree of risk aversion
– specifically, γ = 1.75.

6For example, Figure 3 indicates a higher dispersion of asset holdings in the “None” and “Only
FGTS” economies. Nevertheless, this dispersion also implies a higher likelihood of moments of elevated
consumption in these economies, in comparison to the “Only UI” and “FGTS and UI” economies.

7Furthermore, in the absence of any labor compensation, this highly risk-averse individual would save
more than the average “native” household of the economy, due to their higher appetite for self-insurance.
As such, by introducing the policies, the reduction in consumption variance is probably more valuable to
the former individual.
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Table 6 – Equilibrium Outcomes Across the Economies for γ = 1.75

Equilibrium Outcomes* FGTS
and UI

Only
FGTS

Only
UI None

Employment 0.6648 0.6592 0.6627 0.6487
Stayers 0.9946 0.9895 0.9923 0.9852
Frictional Unemployment 0.2916 0.3209 0.3140 0.3513
Voluntary Unemployment 0.0436 0.0199 0.0233 0.0000
Capital-Labor Ratio 0.9808 1.1023 0.9910 1.1360
I/Y Ratio 0.9872 1.0671 0.9940 1.0887
Wage 0.9927 1.1096 1.0928 1.2402
Interest Rate 1.0336 1.0201 0.9961 0.9722
Output 1.1083 1.1425 1.1086 1.1356
Consumption 1.1075 1.1200 1.1191 1.1225

* The outcomes of this table, with the exception of the first four rows, are normalized according to the
economy of the first column in Table 3, “FGTS and UI”.

Note that the general pattern indicated previously mentioned still holds: as more
insurance is provided, the employment and voluntary unemployment rate increase, while
wages decline. Although the employment rate reaches a substantially higher level than
before, the difference between this variable in the “None” economy in relation to the
“FGTS and UI” economy is smaller: dropping from a 2.2 percentage points increase to
1.6 percentage point. Previously, aggregate consumption remained relatively stable across
economies; now, it is considerably higher precisely when no labor compensations are
provided.

Let us consider the asset accumulation depicted in Figure 4 below:

Figure 4 – Asset Accumulation Across the Economies: γ = 1.75
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Compared to Figure 3, we observe greater dispersion. This suggests a higher
accumulation of capital, which helps explain the substantially higher levels of output and
consumption. Note, however, that this does not imply higher Capital-Labor and I/Y Ratios
since the denominators of these outcomes also increased. Furthermore, when comparing
an economy of Table 6 with its counterpart in Table 3), we observe higher interest rates.
This should not be so surprising since less risk-averse agents have a weaker precautionary
savings motivation, ceteris paribus.

We also observe a substantial change in the employment rate comparing the “None”
economy: it is about 7.5 percentage points higher when households are less risk-averse. To
understand this, Figures 5 and 6 show that each economy induces a different threshold,
a – which is related to the labor supply. This change can be attributed to the altered
curvature of the utility function when the individuals are less risk-averse. In particular,
the marginal utility of consumption – given a moderate level of this variable – is higher for
these individuals. As such, they are willing to work for a slightly longer period (if given
the opportunity) before choosing to consume leisure.

Additionally, the economies induce similar wage levels and less risk-averse indi-
viduals save less (ceteris paribus), these households reach the threshold a more slowly.
Together, these two forces appear to be driving the higher employment rate. A similar
movement of the threshold holds for the other economies.

Finally, consider a scenario in which there is only frictional nonemployment (i.e.,
nonemployed individuals faces this status because they did not receive the opportunity to
transition to work)8. Under this case, the nonemployment rate would evolve according to

nt+1 = (1 − λw)nt + σ(1 − nt)

In steady state, using the values set for σ and λw, the above expression implies

ñ = σ

σ + λw

≈ 0.2857

Then, from the perspective of the supply side of the labor market, the exogenous
structure of layoff and of arrival rate of jobs imposes an upper bound on how high
(non)employment rate can be. This implies that even if we set highly generous labor
compensation schemes – and abstract from responses of the production side – there exists

8This scenario is also analyzed in Krusell et al. (2008), but for different purposes.
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a ceiling to the employment rate that cannot be surpassed due to inherent frictions in the
labor market.
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4 Conclusions

This dissertation examines how the introduction and interaction of UI and SP
labor compensations, both serving an insurance purpose, affect aggregate outcomes in an
economy featuring incomplete markets, indivisible labor and frictions in the labor market.
Specifically, consumers can only insure themselves through bond purchases, the labor
supply decision is binary (to work or not to work) and the households transition between
employment and nonemployment in a manner not necessarily dictated by individual choice
– rather, it depends on being given the opportunity to choose. To address this, I extend
the model developed in Krusell et al. (2008) primarily by incorporating a job history state
variable and value functions related to the unemployment insurance eligibility.

In the model with both labor compensations, households are classified according to
the distinctive type of income they receive: wage, nothing (meaning they relies on savings),
severance payments or only unemployment insurance. They transition between these status
according three dimensions: feasibility, opportunity and choice. As households supply
labor, they accumulate job history, which entitles them to higher severance payments
when they get laid off – apart from the UI. Across the four economies, the removal of one
or both labor compensations, households face a particular insurance structure (besides
the asset market, which is always present), which shape risk attitudes and affects labor
supply and savings decisions. Finally, I analyze four economies, based on the possible
interactions between the two labor compensation policies and compare them across a range
of outcomes.

The comparison suggests a trade-off between the level of insurance, employment
rate, and wages. As we introduce the labor compensations, households reduce their savings,
as they are guaranteed some level of consumption in a layoff event. At the same time, wages
declines, as the financing of the policies alters the marginal productivity of production
inputs. Since savings appear to be more sensitive to the insurance channel than the impact
this policy has on the asset cutoff level a – which is directly affected by a wage reduction –
we observe an increase in both the employment and voluntary unemployment rates. When
both labor compensations are shut down, we obtain the lowest employment rate, the
highest wage, and a greater accumulation of assets, as households rely solely on their own
savings to self-insure against layoffs. This result is consistent across alternative policy
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parameters. Finally, when a lower degree of risk-aversion is used, this dampens the effect
the level of insurance has on increasing the employment rate, as expected.

Nevertheless, the analysis leaves some questions unanswered and provides room for
extensions. Regarding the former, an interesting avenue for analysis would be to examine
how the level of frictions amplifies, dampens or reverses the conclusions. This could be
explored in two complementary ways: first, by focusing on labor compensation (that is, on
one of the four economies), but changing the level of σ, of λw and both; second, keeping
the level of frictions fixed and varying the labor compensation policies (i.e., an analysis
across the four economies). Furthermore, the design of both labor compensations could be
modified: the severance payments could respond to job history according to a non-linear
concave function and a decreasing replacement ratio over the eligibility periods.

In terms of extensions, I mention a few paths that can be taken. Considering
economies with a high level of informality, unemployed individuals could be allowed to
supply labor in an “informal labor market” while waiting for a job offer in the formal labor
market, even if they are currently receiving UI (Gerard and Gonzaga (2021)). Additionally,
endogenizing the job search process (e.g., through wage posting as done in Acemoglu and
Shimer, 1999) would enable an analysis of another interesting aspect of the labor market:
the competition for jobs.
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APPENDIX A – Tables and Figures

A.1 Tables

Table 7 – Disaggregating* Unemployment and Voluntary Nonemployment

Outcomes N0 NSP NUI Total
Frictional Unemployment: FGTS and UI 0.3144 0.0027 0.0159 0.3330
Frictional Unemployment: FGTS-only 0.3686 0.0188 - 0.3874
Frictional Unemployment: UI-only 0.3586 0.0026 0.0196 0.3809
Voluntary Unemployment: FGTS and UI 0.0426 0.0209 0.0074 0.0709
Voluntary Unemployment: FGTS-only 0.0241 0.0044 - 0.0284
Voluntary Unemployment: UI-only 0.0047 0.0210 0.0037 0.0294

*The disaggregation of unemployment for the market insurance economy is not necessary, given that
there is only N0 as a nonemployment status in that economy.

Table 8 – Partial Equilibrium Outcomes Across the Economies: Fixed Interest Rate

Outcomes FGTS
and UI

Only
FGTS

Only
UI None

Employment 0.5960 0.5833 0.5837 0.5662
Stayers 0.9814 0.9714 0.9727 0.9618
Frictional Unemployment 0.3330 0.3874 0.3865 0.4338
Voluntary Unemployment 0.0709 0.0293 0.0298 0.0000
Wage 1.0 1.1181 1.1000 1.2458
Interest Rate 1.0 1.0 1.0 1.0

Table 9 – Partial Equilibrium Outcomes Across the Economies: Fixed Prices

Outcomes FGTS
and UI

Only
FGTS

Only
UI None

Employment 0.5960 0.6143 0.6055 0.6188
Stayers 0.9814 0.9789 0.9789 0.9775
Frictional Unemployment 0.3330 0.3608 0.3653 0.3812
Voluntary Unemployment 0.0709 0.0249 0.0292 0.0000
Wage 1.0 1.0 1.0 1.0
Interest Rate 1.0 1.0 1.0 1.0
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A.2 Figures

Figure 5 – Labor Supply: “None” Economy

Figure 6 – Labor Supply: “None” Economy
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APPENDIX B – Computational Details

B.1 Firm’s total fine rate

In equilibrium, λ constitutes a measure that reproduces itself: in the next period it
generates the same distribution over state variables as observed in the current period. Then,
(2.6) can be restated as the mass of households with status W : H =

∫
R+×E λ(a, e, W )da de.

Let x ∈ R+. Remember that SP (e) = (1 + ϕ)few. At any given period in a
steady-state equilibrium, the FGTS balance is given by:

(1 + x)fwH︸ ︷︷ ︸
Deposits

−
(∫

R+×E
[σ · λ(a, e, W )]SP (e)da de

)
︸ ︷︷ ︸

W ithdraws

= (1 + x)fwH − (1 + ϕ)wfσ

(∫
R+×E

[λ(a, e, W ) · e]da de

)

Denote
λ(a, e, W ) ≡ λ(a, e, W )

H

as the mass of workers holding assets a and with job history e among the total mass of
workers.

Then, we can simplify the expression to

fw(1 + ϕ)σH

[
(1 + x)

σ(1 + ϕ) −
∫
R+×E

(
λ(a, e, W ) · e

)
da de

]

Denote
E ≡

∫
R+×E

(
λ(a, e, W ) · e

)
da de

as weighted average job history.

Then, x is chosen so that it satisfies

1 + x = σ(1 + ϕ)E (B.1)

This means that the total fine rate x will be internally calibrated to guarantee the
balance between deposits and withdrawals in the equilibrium.
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