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Abstract

This paper deals with optimal nonlinear taxation of labor and entrepreneurial
income and extends the recent study of Scheuer (2014) to accommodate equilib-
rium unemployment. We find that even if employment is endogenous, the govern-
ment can achieve redistribution of income through taxation without distorting
production efficiency. This is possible if the government taxes entrepreneurial and
labor income separately. The results also show that including involuntary unem-
ployment creates an incentive to tax entrepreneurial income at lower marginal
rates and labor income at higher marginal rates than otherwise.

1 Introduction

This paper deals with the optimal nonlinear taxation of labor earnings and en-

trepreneurial income in a general equilibrium model in which entrepreneurship is en-

dogenous. We expand the model developed by Scheuer (2014) to include involuntary

unemployment. Scheuer (2014) extends the Mirrleesian framework to account for firm

and wage formation.1 The production side of the economy is therefore modeled explic-

itly, something that many models of optimal taxation abstract from. It is important

to consider the interactions between labor supply and labor demand when designing

tax systems, as taxes on both labor earnings and firm profits are likely to influence

individual behavior — in particular, the choice between employment and entrepreneur-

ship. The demand side of the labor market is important to consider, as it affects both
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1Mirrlees (1971) developed a framework for studying optimal redistributive taxation when infor-
mation between economic agents and the government is asymmetric.
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employment level and wage formation within an economy. Separate income tax in-

struments for entrepreneurs and employees are also relevant to evaluate from a policy

perspective: some countries, such as Sweden, have separate income tax treatments for

employees and entrepreneurs.2

Scheuer uses his model to study optimal redistributive taxation when agents are het-

erogeneous both in their productivity and in their preferences for entrepreneurship. He

finds that optimal marginal taxes depend on the production complementary between

labor and entrepreneurship, the distribution of productivity and taste for entrepreneur-

ship, and the elasticities of labor supply and effort relative to after-tax wage rates. If

the government cannot discriminate between firm and labor incomes, optimal redistri-

bution requires a distortion of production efficiency and relies on general equilibrium

effects for transferring income between entrepreneurs and employees. For example, if

production complementarity between entrepreneurial effort and labor supply is strong

enough, it is possible to increase the relative wages of employees — compared to the

marginal incomes of entrepreneurs — by reducing the marginal tax rate at the top of

the income distribution to encourage entrepreneurs to increase their efforts. However,

Scheuer also finds that it is possible to achieve redistribution without distorting pro-

duction efficiency if the government uses two non-linear tax schedules: one for labor

earnings and one for entrepreneurial incomes. Thus, direct redistribution is possible

using the tax schedule when income types are taxed separately.

The optimal tax policy implications of unemployment have been examined in other

contexts, albeit without considering entrepreneurial behavior and the implications

thereof.3 One limitation of Scheuer’s analysis is that it relies on the assumption that

2In Sweden, among the most debated of these differences are the dividend rules for entrepreneurs
with limited liability companies, which yield top marginal tax rates for income declared as capital
income and labor income that differ substantially. Alstadsæter and Jacob (2016) noted that if we
include payroll taxation (which only contributes to social insurance benefits up to a limit) the top
marginal tax rate on labor income was 67% in Sweden in 2011. That same year, the tax rate for
entrepreneurial incomes declared as dividends using the so-called “3:12” rules was 41%, which includes
the corporate tax rate of 26.3%.

3Notable examples are Marceau and Boadway (1994), Aronsson and Sjögren (2004), and Aronsson
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there is no unemployment in equilibrium, though we observe unemployment in most

countries. Since the Great Depression, unemployment has generally been viewed as

the essential signal of economic distress within industrialized economies (Hall et al.,

1970). This paper contributes to the literature by relaxing Scheuer’s assumption that

labor markets clear, thereby allowing for involuntary unemployment. It is important to

understand how sensitive policy rules are to this realistic relaxation of the underlying

assumptions.

Our analysis shows that it is still possible to achieve redistribution through taxation

without distorting production efficiency when employment is endogenous, and there-

fore when some form of involuntary unemployment can exist. This is also the case

when unemployment generates a negative externality on the search cost of employees

— i.e., when search costs increase as unemployment grows. The government does not

have to distort production efficiency when it can use two nonlinear tax instruments.

Our model suggests that we do not have to rely on general equilibrium effects on the

labor market to transfer income between entrepreneurs and employees in an efficient

way. We also find that the government is unable to perfectly control employees’ search

effort with a uniform unemployment benefit. Furthermore, we find that the govern-

ment must compensate employees for their search effort and the unemployment risk

they face. This mechanism contributes to reducing the marginal labor income tax rates

in comparison to those presented by Scheuer (2014). If unemployment increases the

search cost for employees, we find a mechanism that contributes to reducing marginal

taxes on entrepreneurial income in comparison to the tax rates from Scheuer.

The model will be presented in the next section. Section 3 provides an analysis

of the optimal tax rules and unemployment benefit level. Concluding remarks can be

found in Section 4. All calculations for the following analysis can be found in the

and Micheletto (2021). One important takeaway from this literature is that involuntary unemployment
can motivate higher marginal tax rates on labor income to increase the employment rate through a
division of labor.
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mathematical appendix.

2 Baseline model

This section presents the baseline model. First, consider a set of heterogeneous

individuals who differ in two dimensions (θ, φ) ∈ [
¯
θ, θ̄] × [

¯
φθ, φ̄θ]. We interpret θ as

individual productivity and φ as the individuals’ preference for entrepreneurship. Pro-

ductivity is assumed to be non-negative, while the preference for entrepreneurship may

be positive or negative depending on whether the individual faces an unobserved utility

cost or gain from entrepreneurship.4 Both dimensions of heterogeneity are assumed to

be private information. The cumulative distribution function (cdf) for θ is F (θ), with

a probability density function (pdf) f(θ) while the cdf for φ conditional on θ is Gθ(φ)

with pdf gθ(φ), thus allowing for arbitrary correlation between θ and φ.

We normalize the mass of agents to 1. The model is static following Mirrlees (1971),

Saez (2001), Lehmann et al. (2011), Scheuer (2014), and much of the modern literature

on optimal redistributive taxation. For comparability with Scheuer (2014) we assume

that all agents have a utility function that is quasi-linear; i.e., linear in consumption.

This linearity means that the marginal utility of consumption will be the same for all

individuals independent of their current level of consumption.

Following Scheuer (2014), agents can freely choose between becoming entrepreneurs

or employees, and employees are employed by the entrepreneurs. Our model extends

this framework by relaxing the assumption that all employees find employment. Agents

that choose to become entrepreneurs face the following utility maximization problem:

max
c,E

U(c, E, θ)− φ ≡ c− ψ
(E
θ

)
− φ. (1)

4A positive φ can be thought of as the unobserved costs of setting up a firm, such as investment
costs. A negative value for φ can be interpreted as an unobserved utility gain from entrepreneurship
— for instance, due to preferences for self-management or independence.
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We assume that consumption c is equal to entrepreneurial income π after tax; i.e.,

c = π − Tπ(π), where Tπ(π) is the tax levied at the given level of entrepreneurial

income π.5 Firm revenue Y is assumed to be a function of efficient labor L and ef-

ficient entrepreneurial effort E used in production. The entrepreneurs must pay the

market wage w for each efficient unit of labor they hire. Firm profits are therefore

π = Y (L,E)− wL. The production function is assumed to be continuous, increasing,

and strictly concave in both inputs, and to exhibit constant returns to scale. Sup-

plying E units of efficient effort induces a utility cost of ψ
(
E
θ

)
, where ψ′

(
E
θ

)
> 0 and

ψ′′
(
E
θ

)
> 0. Productivity reduces the utility cost of providing any given amount of

efficient effort. Note that the preference for entrepreneurship φ does not affect the

choices entrepreneurs make; it only affects the individual’s decision whether or not to

become an entrepreneur.

From this optimization problem we can derive the entrepreneurs’ private first-order

conditions:

Y ′L(L,E) = w, (2)

Y ′E(L,E)
(
1− T ′π(π)

)
=
ψ′(E

θ
)

θ
. (3)

From these first-order conditions we obtain the optimal demand L∗(w, θ) of efficient

labor and the optimal efficient effort E∗(w, θ) as well as the indirect utility function

for entrepreneurs vE(θ) = cE(θ)− ψ
(E(θ)

θ

)
.

Equilibrium search models (e.g., Mortensen, 1970; Burdett and Mortensen, 1980;

Pissarides, 1985; Mortensen and Pissarides, 1994) is the leading theory of equilibrium

unemployment. In this type of model, workers lack perfect information and must search

for job offers. Following the framework of Scheuer (2014), we use a continuous mea-

5It is possible to define the model in terms of expected entrepreneurial incomes instead of using
a deterministic function. However, since utility is linear in consumption, this would not affect the
decisions the entrepreneurs make.
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sure of labor supply. Firms will demand a specific amount of efficient labor instead

of posting a set of open positions on the labor market. Thus, unemployment in this

model deviates from the traditional search literature as we abstract from vacancies.

We also assume that the search is one-sided; i.e., that only employees look for work.

A two-sided search would in our continuous setting imply that some firms manage to

rent all the efficient labor they need, while others find no labor at all.

Potential employees choose their efficient labor supply l and their efficient search

level s. They face the following objective function:

E[U(c, l, θ)] = H(s)
(
wl − Tw(wl)− ψ

( l
θ

))
+
(
1−H(s)

)
b− ϕ

(s
θ

)
. (4)

H(s) is the probability of finding employment given the efficient search level s. We

assume that H ′s(s) > 0 and H ′′s (s) ≤ 0. Our baseline matching function is similar to

Pissarides (1985), where the probability of finding a job depends on search intensity,

abstracting from factors that agents cannot control. We later extend the model to

include the aggregated unemployment rate in the utility cost of searching to capture

the effects of additional competition for jobs.6 Searching induces a utility cost ϕ
(
s
θ

)
that is assumed to be increasing, smooth, and convex. An agent who finds employment

will have earnings wl, where w is the wage per efficient labor unit. They must also pay

a labor income tax Tw(wl). These agents experience the utility cost ψ
(
l
θ

)
for providing

l units of efficient labor. This function shares the same properties as the cost of effort

of the entrepreneurs. An agent fails to find employment with probability 1−H(s). The

unemployed agent receives unemployment benefits b from the government. We assume

that individuals use their disposable income for consumption c. From this, we derive

the following private first-order conditions for employees:

6Adding an externality from the aggregate search level is not as informative, since the government
does not have instruments for perfectly controlling search.
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w
(
1− T ′w(wl)

)
=
ψ′( l

θ
)

θ
, (5)

H ′s(s)
(
wl − Tw(wl)− ψ(

l

θ
)− b

)
=
ϕ′( s

θ
)

θ
. (6)

Using these first-order conditions, we find the optimal supply of efficient labor l∗(wn, θ),

where wn = w
(
1 − T ′w(wl)

)
, and the optimal search level s∗

(
wl − Tw(wl), θ, b

)
. This

optimization also characterizes the indirect expected utility function of the employee

vW (θ) = cW (θ)−H
(
s(θ)

)
ψ
( l(θ)

θ

)
− ϕ

( s(θ)
θ

)
.

The choice of occupation — whether to become an entrepreneur or an employee —

depends on the relative utilities of the two options and the individual preferences for

entrepreneurship. To facilitate the interpretation we will assume that φ > 0. Let φ̃(θ)

be the utility cost of setting up a firm such that an individual of type θ is indifferent

to whether they become an entrepreneur or an employee:

φ̃(θ) =


φ̄θ if vE(θ)− vW (θ) ≥ φ̄θ

¯
φθ if vE(θ)− vW (θ) ≤

¯
φθ

vE(θ)− vW (θ), otherwise.

(7)

If the unobserved utility cost of setting up a firm is lower than this threshold — i.e.,

φ ≤ φ̃(θ) — the agent becomes an entrepreneur. The share of entrepreneurs will be

equal to Gθ(φ̃(θ)).

The government has access to general nonlinear taxes on income for both employees

and entrepreneurs as well as a uniform unemployment benefit, b. Using a type-specific

unemployment benefit is impossible here, as individual productivity θ is private in-

formation. This unobserved heterogeneity also means that the government faces two

incentive compatibility constraints. Additionally, the government faces a labor market
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clearing condition, a resource constraint, and a non-negativity constraint for the un-

employment benefit. The incentive compatibility constraint for entrepreneurs can be

written as:

vEθ
′(θ) = ψ′

(E(θ)

θ

)E(θ)

θ2
∀θ ∈ [

¯
θ, θ̄], (8)

which states that an entrepreneur cannot increase her utility by behaving like an adja-

cent productivity type. The social planner faces an analogous constraint for potential

employees:

vWθ
′(θ) = H

(
s(θ)

)
ψ′
( l(θ)
θ

) l(θ)
θ2

+ ϕ′
(s(θ)
θ

)s(θ)
θ2

∀θ ∈ [
¯
θ, θ̄]. (9)

This states that it has to be in the potential employee’s self-interest to behave as their

true productivity type. Although productivity is private information, we assume that

the social planner can observe income and identify individuals as employees or en-

trepreneurs.7

The social planner also faces a labor market clearing condition that states that the

amount of labor employed in the economy cannot exceed the total labor demanded

by the entrepreneurs. Employees do not create labor demand, and the social planner

cannot assign more work than the firms use in their production.

∫ θ̄

¯
θ

Gθ

(
φ̃(θ)

)
L(θ)dF (θ) ≥

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))
H
(
s(θ)

)
l(θ)dF (θ). (10)

In our model, all workers can be employed by any firm, and we abstract from vacancies.

An alternative specification can be found in Lehmann et al. (2011), who analyze a

model of optimal taxation under friction unemployment with a discrete measure of

7Some, such as Scheuer (2014), present the incentive compatibility constraints as vE(θ) ≡
maxθ̃∀θ∈[

¯
θ,θ̄] c

E(θ̃) − ψ
(E(θ̃)

θ

)
, and vW (θ) ≡ maxθ̃∀θ∈[

¯
θ,θ̄] c

W (θ̃) − H
(
s(θ̃)

)
ψ
( l(θ̃)
θ

)
− ϕ

( s(θ̃)
θ

)
. How-

ever, these restrictions are more general than those used to solve the model, as we only allow for
mimicking of the adjacent ability type, not across the whole productivity distribution. Using a model
with discrete ability types, such as Stiglitz (1982), allows for a more detailed description of mimicking
behavior.
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labor and a continuum of labor markets for workers with varying ability levels. Our

analysis is analogous to theirs in some respects, but uses a continuous measure of labor

and includes firm formation. The final constraint for the social planner is the resource

constraint.8

∫ θ̄

¯
θ

[
Gθ

(
φ̃(θ)

)(
Y
(
L(θ), E(θ)

)
− cE(θ)

)
−
(

1−Gθ

(
φ̃(θ)

))
cW (θ)

]
dF (θ) ≥ 0, (11)

and a non-negativity constraint for unemployment benefits:

b ≥ 0. (12)

The Pareto weights of the social planner are indicated by the addition of a tilde to the

distribution. For example, the Pareto weights corresponding to F (θ) are denoted by

F̃ (θ), and so forth. These weights capture the social planner’s valuation of the utility

for individuals based on their occupation (i.e., entrepreneur or employee), productivity

level, and density within the population. If the Pareto weight assigned to a group is

larger than its density within the population, the social planner places additional value

on the utility of these agents and has an incentive to assign them additional resources.

Following much of the earlier literature on optimal taxation, we solve the social

decision problem as a direct problem where l and E are control variables, and vE(θ)

and vW (θ) are state variables. It is possible to solve the model using the indirect utility

of employed wage earners as a state variable instead of vW (θ). This approach yields the

same policy rules for the marginal tax rates. However, the choice between sequential

and simultaneous decisions of search effort and labor supply affects the policy rule for

the unemployment benefit.9 The marginal tax rates can be calculated by comparing

the private and social first-order conditions. Note that the social planner takes the

utility cost of entrepreneurship
∫ θ̄

¯
θ

∫ φ̃(θ)

¯
φθ

φdG̃θ(φ)dF̃ (θ) into account when formulating

8Note that we can find that cW (θ) = vW (θ) +H
(
s(θ)

)
ψ
(
l(θ)/θ

)
+ϕ

(
s(θ)/θ

)
and cE(θ) = vE(θ) +

ψ
(
E(θ)/θ

)
from the indirect utility functions.

9If search and labor supply are sequential decisions, the unemployment benefit level would not
affect the incentive compatibility constraint of the employed. We assume that the decisions are made
simultaneously to allow for mimicking in search behavior.
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policies. The problem of the social planner is as follows:

max
E(θ),L(θ),l(θ),vE(θ),vW (θ),φ̃(θ),b

=

∫ θ̄

¯
θ

[
G̃θ

(
φ̃(θ)

)
vE(θ) +

(
1− G̃θ

(
φ̃(θ)

))
vW (θ)

]
dF̃ (θ)

−
∫ θ̄

¯
θ

∫ φ̃(θ)

¯
φθ

φdG̃θ(φ)dF̃ (θ),

s.t. vEθ
′(θ) = ψ′

(E(θ)

θ

)E(θ)

θ2
∀θ ∈ [

¯
θ, θ̄],

vWθ
′(θ) = H

(
s(θ)

)
ψ′
( l(θ)
θ

) l(θ)
θ2

+ ϕ′
(s(θ)
θ

)s(θ)
θ2

∀θ ∈ [
¯
θ, θ̄],∫ θ̄

¯
θ

Gθ

(
φ̃(θ)

)
L(θ)dF (θ)−

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))
H
(
s(θ)

)
l(θ)dF (θ) ≥ 0,∫ θ̄

¯
θ

[
Gθ

(
φ̃(θ)

)(
Y
(
L(θ), E(θ)

)
− vE(θ)− ψ

(E(θ)

θ

))
−
(

1−Gθ

(
φ̃(θ)

))(
vW (θ) +H

(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ

(s(θ)
θ

))]
dF (θ) ≥ 0,

b ≥ 0.

(13)

3 Results

In this section, we present our results. We begin by presenting the results of the

baseline model. At the optimum, the marginal product of efficient labor Y ′L
(
L(θ), E(θ)

)
is independent of θ. From this, we know that the marginal productivity of efficient labor

will be the same for all firms. Furthermore, the fact that the production function has

constant returns to scale also implies that the marginal productivity of efficient effort

will be identical for all firms. First, this indicates that we need not distort production

efficiency to achieve redistribution using the two nonlinear tax instruments available

to the social planner. Second, this means that the wages per unit of efficient labor and

marginal profits per unit of efficient effort w̃ will be the same for all individuals. More

formally, we find:

Y ′L
(
L(θ), E(θ)

)
= w ∀θ ∈ [

¯
θ, θ̄], (14)

Y ′E
(
L(θ), E(θ)

)
= w̃ ∀θ ∈ [

¯
θ, θ̄]. (15)
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Note that since we define labor and effort inputs in terms of efficient units, there is

no implication that wages or marginal profits per hour worked will be the same for all

types. Instead, the implication is that individuals will receive payments equal to their

marginal productivity.

Proposition 1:

Define:

επ(θ) =
∂E(θ)

∂w̃
(
1− T ′π(θ)

) w̃(1− T ′π(θ)
)

E(θ)
,

εw(θ) =
∂l(θ)

∂w
(
1− T ′w(θ)

)w(1− T ′w(θ)
)

l(θ)
,

∆Π(θ) ≡ Gθ

(
φ̃(θ)

)
f(θ)− G̃θ

(
φ̃(θ)

)
f̃(θ),

∆Ω(θ) ≡
(

1−Gθ

(
φ̃(θ)

))
f(θ)−

(
1− G̃θ

(
φ̃(θ)

))
f̃(θ),

∆T (θ) ≡ Tπ
(
π(θ)

)
− T ew

(
wl(θ)

)
.

In the baseline model, the marginal tax policies satisfy the following policy rules:

T ′π(θ)

1− T ′π(θ)
=
(

1 +
1

επ(θ)

)∫ θ̄
θ

[
∆Π(θ̂)− gθ

(
φ̃(θ̂)

)
f(θ̂)∆T (θ̂)

]
dθ̂

θGθ

(
φ̃(θ)

)
f(θ)

, (16)

T ′w(θ)

1− T ′w(θ)
=
(

1 +
1

εw(θ)

)∫ θ̄
θ

[
∆Ω(θ̂) + gθ

(
φ̃(θ̂)

)
f(θ̂)∆T (θ̂)

]
dθ̂

θ
(

1−Gθ

(
φ̃(θ)

))
f(θ)

. (17)

T ew
(
wl(θ)

)
refers to the expected tax payments of potential employees with productivity

θ.10 We define the difference between a mass of agents and the Pareto weights assigned

to them by the social planner at a given θ as ∆Π(θ) for entrepreneurs and ∆Ω(θ) for

employees, and ∆T (θ) as the difference between the tax payment of entrepreneurial

and labor income at a given productivity level.

The difference between our results and those of Scheuer (2014) can be found in

10Since not all potential employees find employment, the expected tax payments of a potential

employee with productivity θ will be T ew
(
wl(θ)

)
= H

(
s(θ)

)
Tw
(
wl(θ)

)
−
(

1−H
(
s(θ)

))
b.
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the definition of this tax wedge. In our formula, the expected tax paid by employees

T ew
(
wl(θ)

)
given their productivity θ accounts for the unemployment risk, unemploy-

ment benefits, and search. If the social planner were to not compensate employees

for their search effort, more agents would choose to become entrepreneurs. We find

that Tw
(
wl(θ)

)
= H

(
s(θ)

)
wl(θ)− cW (θ), where the employees’ expected consumption

includes compensation for their search effort as well as the unemployment benefits for

the unemployed.

Using the transversality conditions, we find that T ′π
(
π(

¯
θ)
)

= T ′π
(
π(θ̄)

)
= T ′w

(
wl(

¯
θ)
)

=

T ′w
(
wl(θ̄)

)
= 0. This is the standard result that labor supply (in this case also en-

trepreneurial effort) should not be distorted at the top and bottom of the ability distri-

bution. Marginal tax rate levels will depend on the behavioral response of the agents.

The more the marginal tax rates distort the labor or effort supply, the lower these

marginal tax rates should be. This effect is captured by the elasticity of labor supply

with respect to the after-tax wage rate εw(θ) as well as the elasticity of entrepreneurial

effort with respect to the marginal income after tax εw(θ). The higher this elasticity

is, the lower the optimal marginal tax rate becomes.

Raising the marginal taxes at productivity level θ will increase the tax revenue

generated from the higher-ability groups at the cost of distorting local effort and labor

supply. The mass of agents affected by this is represented by
(

1−Gθ

(
φ̃(θ)

))
f(θ) for

workers and Gθ

(
φ̃(θ)

)
f(θ) for entrepreneurs. Recall that the Pareto weights capture

how the social planner values the utility of particular skill and occupation groups.

Thus, the difference between the mass of agents and the Pareto weights the social

planner assigns to them11 captures the redistributive properties of the tax system. If

the difference is positive, the social planner will raise the tax for productivity type θ

to redistribute these resources to other agents.

Redistribution can either occur between productivity types or between occupations.

11∆Π(θ) for entrepreneurs and ∆Ω(θ) for employees.
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If f(θ̂) > f̃(θ̂), the government will assign higher taxes to the more productive agents.

In this case, the social value of the additional tax revenue generated by a more pro-

gressive tax rate exceeds the loss in utility for the more productive agents. In the case

that Gθ

(
φ̃(θ̂)

)
> G̃θ

(
φ̃(θ̂)

)
, the government will establish incentives to redistribute in-

come from entrepreneurs to employees, and vice versa if Gθ

(
φ̃(θ̂)

)
< G̃θ

(
φ̃(θ̂)

)
. Since

we do not include any public goods in this model, the additional tax revenue is used

exclusively for income redistribution.

The manner in which the optimal marginal tax rates are affected by occupational

choice is captured by the term gθ
(
φ̃(θ̂)

)
f(θ̂)∆T (θ̂). It is important to consider how

differences in taxation between different income types affect agents’ choice of occupa-

tion. For example, if we increase the marginal tax on entrepreneurial income, some

entrepreneurs will choose to become employees. In Equation (16), this mass of agents

is captured by the term −gθ
(
φ̃(θ̂)

)
f(θ̂). If the tax paid on entrepreneurial income at

this productivity level is different from the tax paid by equally productive employees,

the occupational change will affect the government budget. If entrepreneurs pay higher

taxes ∆T (θ̂) > 0, the government loses income as agents leave entrepreneurship, and

vice versa if entrepreneurs pay lower taxes ∆T (θ̂) < 0. Thus, occupational choices give

rise to a tax revenue motive for marginal taxation.

Since the two non-linear tax instruments effectively control labor supply and en-

trepreneurial effort, we can use the benefit level b to influence the search efforts of

the employees. We assume quasi-linear utility functions, meaning that the marginal

utility of consumption will be the same for all income groups. This removes one of the

main incentives for redistribution of incomes from the employed to the unemployed,

as the social planner does not have any preferences for redistribution within specific

productivity and occupation groups. In our framework, the benefit level affects search

behavior and the incentive compatibility constraint of employees.12 In this paper, we

12In a sequential model, the unemployment benefit would not affect the incentive compatibility
constraint of employees.
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are interested to see whether these effects are enough by themselves to motivate a pos-

itive unemployment benefit level. The policy rule for the unemployment benefit can

be written as follows:

b =

∫ θ̄
¯
θ
µW (θ)∂s(θ)

∂b

(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′
( s(θ)

θ

)
/θ2 + ϕ′′

( s(θ)
θ

) s(θ)
θ3

)
dθ − γ∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
dF (θ)

−

∫ θ̄
¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
T
(
wl(θ)

)
dF (θ)∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
dF (θ)

.

(18)

We find that ∂s(θ)
∂b

< 0 by applying the implicit function theorem to the private first-

order conditions of the employees. Thus, an increase in the unemployment benefit level

will reduce the search effort of the potential employees. The denominator in Equation

(18) captures the total reduction in employment following an increase in the benefit

level. Since we assume that search effort has a positive effect on the probability of

finding employment, this term will always be negative.

The numerator of the first term comprises an integral and a Kuhn-Tucker multiplier

γ, respectively. From the integral, we find that the benefit level affects the incentive

compatibility constraint for employees. An increase in the benefit level reduces the ef-

ficient search level, which both decreases the probability of finding work and the utility

cost of searching for work. Since the denominator is negative, µW (θ) ≥ 0 ∀θ ∈ [
¯
θ, θ̄],

and as we assume that the marginal utility costs of working and searching are positive

and increasing, we know that the first term is positive. If the non-negativity constraint

for unemployment benefits is binding, γ > 0 and b = 0.

The numerator of the second term captures the total decrease in tax revenue follow-

ing an increase in the unemployment benefit. As search effort decreases, unemployment

increases, which reduces the total tax revenue collected from the employees. This term
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will be negative as long as the weighted sum of all taxes paid by employees is positive.

The unemployment benefit b will be positive if the social value of relaxing the incentive

compatibility constraint for employees dominates the budget effect from reduced search

effort.

3.1 Search externality of unemployment

In the search literature, it is common to include a measure of labor market tightness

in the matching function (e.g., Shimer, 2005; Lehmann et al., 2011). As the model uses

a continuous measure of labor and has a population normalized to 1, it is not possible to

define discrete vacancies. Instead, we assume that the utility cost of searching depends

on the unemployment level.13 The cost of searching becomes ϕ
(
s(θ)
θ
, u
)

were:

u =

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))(
1−H

(
s(θ)

))
dF (θ). (19)

Each individual treats the economy-wide unemployment level as exogenous. If this

external effect is negative — i.e., a higher unemployment level increases the individual

cost of searching — then ϕ′u
( s(θ)

θ
, u
)
> 0. We will assume that the externality affects

the marginal cost of searching in a symmetric way to its overall effect on the search cost;

i.e., if ϕ′u
( s(θ)

θ
, u
)
> 0 then ϕ′′s,u

( s(θ)
θ
, u
)
≥ 0. If a higher unemployment level increases

the search cost for employees, this assumption prevents the marginal cost of searching

from declining following an increase in unemployment. This is a reasonable assumption

that facilitates the interpretation of our results. We add the unemployment externality

to the social planner’s problem with the Lagrange multiplier κ. All calculations related

to the analysis of this version of the model can be found in Appendix B.

We find that the marginal productivity of efficient labor and effort remains equalized

across all firms. The optimal benefit rule from this model is similar to Equation (18),

with the only difference being that the benefit rule of this model also takes the social

13Including a direct effect from unemployment in the probability of finding employment is prob-
lematic. These variables would be co-dependent, as the unemployment level is determined by the
unemployment risk for employees.
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value of decreasing unemployment κ into account. This increases the probability of a

binding non-negativity constraint for the benefit level. If we use the social first-order

condition for unemployment u to solve for the shadow price of unemployment, we find:

κ =

∫ θ̄
¯
θ
µW (θ)

[
ϕ′′s,u

( s(θ)
θ
, u
) s(θ)
θ2

+ ∂s(θ)
∂u

(
H ′s
(
s(θ)

)
ψ′
( l(θ)

θ

) l(θ)
θ2

+
ϕ′
s

(
s(θ)
θ
,u
)

θ2
+ ϕ′′s

( s(θ)
θ
, u
) s(θ)
θ3

)]
dθ

1 +
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂u

H ′s
(
s(θ)

)
dF (θ)

−

∫ θ̄
¯
θ

(
1−Gθ

(
φ̃(θ)

))[
ϕ′u
( s(θ)

θ
, u
)

+ ∂s(θ)
∂u

H ′s
(
s(θ)

)(
Tw
(
wl(θ)) + b

)]
dF (θ)

1 +
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂u

H ′s
(
s(θ)

)
dF (θ)

.

(20)

The denominator of Equation (20) is positive. To see this, note that the direction of

the externality and its effect on search effort will determine the sign of the second term.

Since the externality from unemployment increases the search cost (i.e., ϕ′u
( s(θ)

θ
, u
)
> 0)

and search effort is affected negatively by unemployment,14 this integral will be equal

to the total reduction in employment among employees resulting from a reduction in

search effort as the unemployment level increases. Since this marginal reduction in

employment cannot exceed 1, we know that the denominator must be positive.

The numerator of the first term captures the effect of the externality on the incen-

tive compatibility constraint of employees. Following our assumptions regarding the

utility cost of labor and search effort, we know that the sign of this term will be deter-

mined by the direction of the externality as well as its indirect effect on search effort.

If the externality is negative and the incentive compatibility constraint is binding for

some ability group, this sum will be negative. If the constraint is not binding anywhere

(i.e., when µW (θ) = 0 ∀θ ∈ [
¯
θ, θ̄]), this term will be 0.

14Given the assumptions we make for the utility cost of searching and since we assume that
H ′′s
(
s(θ)

)
≤ 0, we can use the private first-order condition for search effort and the implicit func-

tion theorem to determine that the sign of ∂s(θ)
∂u will be the opposite of the sign of ϕ′′s,u

( s(θ)
θ , u

)
/θ. In

the case that ϕ′′s,u
( s(θ)

θ , u
)
/θ = 0, the externality will not have any effect on the search effort of the

employees.
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The second term will be positive if we assume that unemployment increases search

costs. This term captures the effects that increasing search costs have on the gov-

ernment budget and the aggregated utility of the employees. Increasing search costs

reduces the utility of the employees ϕ′u
( s(θ)

θ
, u
)
. The integral of this term captures

the employees’ aggregated marginal willingness to pay to reduce the unemployment

level. We also find that changes in search behavior affect the government budget.

When employees search less intensively, more become unemployed. This reduces the

government tax revenue from labor income as the total expenditure on unemployment

benefits simultaneously increases. Whenever the effect of the externality on the govern-

ment budget and the utility of employees is greater than the effect the externality has

on the incentive compatibility constraint, κ will have the same sign as the externality.

From this, we conclude that if unemployment increases search costs, the social value

of reducing unemployment is, under reasonable assumptions, positive.

Proposition 2

By adding a search externality of unemployment to the baseline model, the policy rules

for marginal taxation change to read:

T ′π
1− T ′π

=
(
1 +

1

επ(θ)

)∫ θ̄θ
[
∆Π(θ̂)− gθ

(
φ̃(θ̂)

)
f(θ̂)

(
κ
(

1−H
(
s(θ̂)

))
+ ∆T (θ̂)

)]
dθ̂

θ
(

1−Gθ

(
φ̃(θ)

))
f(θ)

,

(21)

T ′w
1− T ′w

=
(
1 +

1

εw(θ)

)∫ θ̄θ
[
∆Ω(θ̂) + gθ

(
φ̃(θ̂)

)
f(θ̂)

(
κ
(

1−H
(
s(θ̂)

))
+ ∆T (θ̂)

)]
dθ̂

θ
(

1−Gθ

(
φ̃(θ)

))
f(θ)

.

(22)

From these expressions, we find an additional effect from the level of unemployment

proportional to κ
(

1 −H
(
s(θ̂)

))
. Increasing the marginal tax rate on entrepreneurial

income at a productivity level θ will induce agents to switch occupations and be-

come employees. This increases unemployment in the economy both by reducing labor

demand and by increasing labor supply. By increasing the search cost, higher unem-
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ployment also affects the utility of all employees. As unemployment increases, the cost

of searching increases as well, and if κ is positive,15 the optimal marginal tax rate on

entrepreneurial income is lower than in the baseline scenario, ceteris paribus. Simi-

larly, the optimal marginal tax rates on labor income will be higher. If unemployment

increases the utility cost of searching, it could motivate lower marginal tax rates for

entrepreneurs with high incomes.

4 Concluding remarks

In this paper, we analyze the optimal nonlinear taxation of labor and entrepreneurial

income and extend the recent study of Scheuer (2014) to accommodate involuntary un-

employment. Our analysis shows that redistribution can be achieved through taxation

without distorting production efficiency when employment is endogenous to the model,

as long as the government can use two non-linear tax instruments. This is also true

if we have a negative externality from unemployment on the search cost of employees.

Thus, we need not rely on general equilibrium effects on the labor market to transfer

income between entrepreneurs and employees; for example, using the complementarity

between labor and entrepreneurial effort in the production to increase wages of em-

ployees.16

The relative sizes of the marginal tax rates for labor and entrepreneurial income will

depend on both individual-level characteristics, such as preferences for entrepreneur-

ship, as well as wider labor market implications, such as the manner in which the

aggregate unemployment level affects the search cost and utility of employees. We find

that if unemployment increases the search cost of employees, the optimal marginal

taxes on entrepreneurial income decrease, under reasonable assumptions.

15This is true if the effect of the externality on the utility of employees and the government budget
is greater than its effect on the incentive compatibility constraint of employees.

16If entrepreneurial effort and labor are complements in the firms’ production, we can use the tax
schedule to incentivize the most productive entrepreneurs to exert more effort, which in turn would
increase the equilibrium wage rate for employees.
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A limitation of this model is that the quasi-linear utility function makes the social

planner indifferent to any income inequality within a given productivity and occupation

group, such as inequality resulting from involuntary unemployment. A possible topic

for future research could be to study how the tax rules would be affected by a utility

function that is concave in consumption. A decreasing marginal utility of consumption

would create stronger incentives for the social planner to redistribute income from the

employed to the unemployed.
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Appendix A:

The problem of the social planner can be stated as follows:

max
E(θ),L(θ),l(θ),vE(θ),vW (θ),φ̃(θ),b

=

∫ θ̄

¯
θ

[
G̃θ

(
φ̃(θ)

)
vE(θ) +

(
1− G̃θ

(
φ̃(θ)

))
vW (θ)

]
dF̃ (θ)

−
∫ θ̄

¯
θ

∫ φ̃(θ)

¯
φθ

φdG̃θ(φ)dF̃ (θ)

s.t. vEθ
′(θ) = ψ′

(E(θ)

θ

)E(θ)

θ2
∀θ ∈ [

¯
θ, θ̄],

vWθ
′(θ) = H

(
s(θ)

)
ψ′
( l(θ)
θ

) l(θ)
θ2

+ ϕ′
(s(θ)
θ

)s(θ)
θ2

∀θ ∈ [
¯
θ, θ̄],∫ θ̄

¯
θ

Gθ

(
φ̃(θ)

)
L(θ)dF (θ)−

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))
H
(
s(θ)

)
l(θ)dF (θ) ≥ 0,∫ θ̄

¯
θ

[
Gθ

(
φ̃(θ)

)(
Y
(
L(θ), E(θ)

)
− vE(θ)− ψ

(E(θ)

θ

))
,

−
(

1−Gθ

(
φ̃(θ)

))(
vW (θ) +H

(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ

(s(θ)
θ

))]
dF (θ) ≥ 0,

b ≥ 0.

(A.1)

From this, we get the following Lagrangian after integrating the incentive compability
constraints by parts:

L =

∫ θ̄

¯
θ

[
G̃θ

(
φ̃(θ)

)
vE(θ)−

∫ φ̃(θ)

¯
φθ

φdG̃θ(φ) +
(

1− G̃θ

(
φ̃(θ)

))
vW (θ)

]
dF̃ (θ)

−
∫ θ̄

¯
θ

[
µEθ
′(θ)vE(θ) + µE(θ)ψ′

(E(θ)

θ

)E(θ)

θ2

]
dθ

−
∫ θ̄

¯
θ

[
µWθ
′(θ)vW (θ) + µW (θ)

(
H
(
s(θ)

)
ψ′
( l(θ)
θ

) l(θ)
θ2

+ ϕ′
(s(θ)
θ

)s(θ)
θ2

)]
dθ

− λL
[ ∫ θ̄

¯
θ

Gθ

(
φ̃(θ)

)
L(θ)dF (θ)−

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))
H
(
s(θ)

)
l(θ)dF (θ)

]
+ λR

[ ∫ θ̄

¯
θ

[
Gθ

(
φ̃(θ)

)(
Y
(
L(θ), E(θ)

)
− vE(θ)− ψ

(E(θ)

θ

))
−
(

1−Gθ

(
φ̃(θ)

))(
vW (θ) +H

(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ

(s(θ)
θ

))]
dF (θ)

]
+ γb.

(A.2)
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From ∂L/∂L(θ) = 0 we find that:

Y ′L
(
L(θ), E(θ)

)
=
λL
λR

∀θ ∈ [
¯
θ, θ̄]. (A.3)

The production function is assumed to have a constant returns to scale which implies
that Y (L,E) = Y ′L(L,E)L+ Y ′E(L,E)E. From this and from Y ′L

(
L(θ), E(θ)

)
= λL/λR

we find that the marginal productivity of efficient labor and effort must be equal across
all firms. This also implies that the payment per efficient unit of labor or profit per
efficient unit of effort is the same across the skill distribution:

Y ′L(L(θ), E(θ)) = w ∀θ ∈ [
¯
θ, θ̄],

Y ′E(L(θ), E(θ)) = w̃ ∀θ ∈ [
¯
θ, θ̄].

(A.4)

From ∂L/∂vW (θ) = 0 we find:

µWθ
′(θ) =

(
1− G̃θ

(
φ̃(θ)

))
f̃(θ)− λR

(
1−Gθ

(
φ̃(θ)

))
f(θ) + λLgθ

(
φ̃(θ)

)
f(θ)

(
H
(
s(θ)

)
l(θ) + L(θ)

)
− λRgθ

(
φ̃(θ)

)
f(θ)

(
Y
(
L(θ), E(θ)

)
− vE(θ)− ψ

(E(θ)

θ

)
+ vW (θ) +H

(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ

(s(θ)
θ

))
.

(A.5)

Using the constant returns to scale of the production function, that λL = wλR, and
that cE(θ) = vE(θ) + ψ

(E(θ)
θ

)
and cW (θ) = vW (θ) +H

(
s(θ)

)
ψ
( l(θ)

θ

)
+ ϕ

( s(θ)
θ

)
we get:

µWθ
′(θ) =

(
1− G̃θ

(
φ̃(θ)

))
f̃(θ)− λR

(
1−Gθ

(
φ̃(θ)

))
f(θ)

− λRgθ
(
φ̃(θ)

)
f(θ)

(
w̃E(θ)− cE(θ)−

(
wH

(
s(θ)

)
l(θ)− cW (θ)

))
.

(A.6)

We can define the tax wedge between entrepreneurs and employees as ∆T (θ) ≡ w̃E(θ)−
cE(θ)−

(
wH

(
s(θ)

)
l(θ)− cW (θ)

)
. Using this we get:

µWθ
′(θ) =

(
1− G̃θ

(
φ̃(θ)

))
f̃(θ)− λR

(
1−Gθ

(
φ̃(θ)

))
f(θ)− λRgθ

(
φ̃(θ)

)
f(θ)∆T (θ).

(A.7)

Using similar steps, we can from ∂L/∂vE(θ) = 0 derive:

µEθ
′(θ) =G̃θ

(
φ̃(θ)

)
f̃(θ)− λRGθ

(
φ̃(θ)

)
f(θ) + λRgθ

(
φ̃(θ)

)
f(θ)∆T (θ). (A.8)
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From
∫ θ̄

¯
θ
µWθ
′(θ)dθ+

∫ θ̄
¯
θ
µEθ
′(θ)dθ = 0 we find that λR = 1. We can thus integrate µW (θ)

and find:

µW (θ̄) = µW (θ) +

∫ θ̄

θ

[(
1− G̃θ

(
φ̃(θ̂)

))
f̃(θ̂)−

(
1−Gθ

(
φ̃(θ̂)

))
f(θ̂)− gθ

(
φ̃(θ̂)

)
f(θ̂)∆T (θ̂)

]
dθ̂.

(A.9)

Using the transversality conditions again we get:

µW (θ) =

∫ θ̄

θ

[(
1−Gθ

(
φ̃(θ̂)

))
f(θ̂)−

(
1− G̃θ

(
φ̃(θ̂)

))
f̃(θ̂) + gθ

(
φ̃(θ)

)
f(θ)∆T (θ̂)

]
dθ̂.

(A.10)

With the same steps for µE(θ) we find:

µW (θ) =

∫ θ̄

θ

[
Gθ

(
φ̃(θ̂)

)
f(θ̂)− G̃θ

(
φ̃(θ̂)

)
f̃(θ̂)− gθ

(
φ̃(θ)

)
f(θ)∆T (θ̂)

]
dθ̂. (A.11)

If we use that λL = wλR, that λR = 1, and ∂L/∂l(θ) = 0 we get:

µW (θ)H
(
s(θ)

)(
ψ′
( l(θ)
θ

)
/θ2+ψ′′

( l(θ)
θ

) l(θ)
θ3

)
=
(

1−Gθ

(
φ̃(θ)

))
f(θ)H

(
s(θ)

)(
w−ψ′

( l(θ)
θ

)
/θ
)
.

(A.12)

Which we can write as:

µW (θ)
(
ψ′
(
l(θ)
θ

)
/θ + ψ′′

(
l(θ)
θ

)
l(θ)
θ2

)
θ
(

1−Gθ

(
φ̃(θ)

))
f(θ)

= w − ψ′
( l(θ)
θ

)
/θ. (A.13)

We can use the first-order condition of the employeeH
(
s(θ)

)(
w
(
1−T ′w(θ)

)
−ψ′

( l(θ)
θ

)
/θ
)

=

0 and the implicit function theorem to define the elasticity of labor supply with respect
to after tax wages:

εw(θ) =
∂l(θ)

∂w
(
1− T ′w(θ)

)w(1− T ′w(θ)
)

l(θ)

= −
H
(
s(θ)

)
−H

(
s(θ)

)
ψ′′
( l(θ)

θ

)
/θ2

ψ′
( l(θ)

θ

)
/θ

l(θ)

=
ψ′
(
l(θ)
θ

)
/θ

l(θ)ψ′′
( l(θ)

θ

)
/θ2

.

(A.14)
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From this, we find:

µW (θ)
(
1 +

1

εw(θ)

)
θ
(

1−Gθ

(
φ̃(θ)

))
f(θ)

=
w − ψ′

( l(θ)
θ

)
/θ

ψ′
( l(θ)

θ

)
/θ

=
w − w

(
1− T ′w(θ)

)
w
(
1− T ′w(θ)

) .

(A.15)

Combining this with Equation (A.10), and defining ∆Ω(θ) ≡
(

1 − Gθ

(
φ̃(θ)

))
f(θ) −(

1− G̃θ

(
φ̃(θ)

))
f̃(θ) we find:

T ′w(θ)

1− T ′w(θ)
=
(

1 +
1

εw(θ)

)∫ θ̄
θ

[
∆Ω(θ̂) + gθ

(
φ̃(θ̂)

)
f(θ̂)∆T (θ̂)

]
dθ̂

θ
(

1−Gθ

(
φ̃(θ)

))
f(θ)

, (A.16)

which is the expression for the optimal marginal taxation of labor income found in
Equation (17). Using similar steps, ∂L/∂E(θ), and defining ∆Π(θ) ≡ Gθ

(
φ̃(θ)

)
f(θ)−

G̃θ

(
φ̃(θ)

)
f̃(θ) we find that:

T ′π(θ)

1− T ′π(θ)
=
(

1 +
1

επ(θ)

)∫ θ̄
θ

[
∆Π(θ̂)− gθ

(
φ̃(θ̂)

)
f(θ̂)∆T (θ̂)

]
dθ̂

θGθ

(
φ̃(θ)

)
f(θ)

, (A.17)

which gives us Equation 16.
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From ∂L/∂b = 0 we find:

∂L
∂b

=

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂vW (θ)

∂b
dF̃ (θ)−

∫ θ̄

¯
θ

µWθ
′(θ)

∂vW (θ)

∂b
dθ

−
∫ θ̄

¯
θ

µW (θ)
∂s(θ)

∂b

(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′
(s(θ)
θ

)
/θ2 + ϕ′′

(s(θ)
θ

)s(θ)
θ3

)
dθ

+ λL

∫ θ̄

¯
θ

gθ
(
φ̃(θ)

)∂vW (θ)

∂b

(
L(θ) +H

(
s(θ)

)
l(θ)
)
dF (θ)

+ λL

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
l(θ)dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂vW (θ)

∂b
dF (θ)

− λR
∫ θ̄

¯
θ

gθ
(
φ̃(θ)

)∂vW (θ)

∂b

(
Y
(
L(θ), E(θ)

)
− vE(θ)− ψ

(E(θ)

θ

)
+ vW (θ) +H

(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ′

(s(θ)
θ

)
/θ
)
dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

(
H ′s
(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ′

(s(θ)
θ

)
/θ
)
dF (θ)

+ γ = 0.
(A.18)

Using that ∂L/∂vW (θ) = 0 ∀θ ∈ [
¯
θ, θ̄] in optimum we find:

∂L
∂b

= −
∫ θ̄

¯
θ

µW (θ)
∂s(θ)

∂b

(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′
(s(θ)
θ

)
/θ2 + ϕ′′

(s(θ)
θ

)s(θ)
θ3

)
dθ

+ λL

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
l(θ)dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

(
H ′s
(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ′

(s(θ)
θ

)
/θ
)
dF (θ)

+ γ = 0.
(A.19)

If we combine this with the previous findings that λR = 1 and λL = w we get:

∫ θ̄

¯
θ

µW (θ)
∂s(θ)

∂b

(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′
(s(θ)
θ

)
/θ2 + ϕ′′

(s(θ)
θ

)s(θ)
θ3

)
dθ − γ

=

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

(
H ′s
(
s(θ)

)(
wl(θ)− ψ

( l(θ)
θ

))
− ϕ′

(s(θ)
θ

)
/θ

)
dF (θ).

(A.20)
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Combining this with the private first-order condition H ′s
(
s(θ)

)(
wl(θ) − Tw

(
wl(θ)

)
−

ψ
( l(θ)

θ

)
− b
)
− ψ′

( s(θ)
θ

)
/θ = 0 we can rewrite this expression and find:

∫ θ̄

¯
θ

µW (θ)
∂s(θ)

∂b

(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′
(s(θ)
θ

)
/θ2 + ϕ′′

(s(θ)
θ

)s(θ)
θ3

)
dθ − γ

=

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)(
T
(
wl(θ)

)
+ b
)
dF (θ).

(A.21)

Solving for b we get:

b =

∫ θ̄
¯
θ
µW (θ)∂s(θ)

∂b

(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′
( s(θ)

θ

)
/θ2 + ϕ′′

( s(θ)
θ

) s(θ)
θ3

)
dθ − γ∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
dF (θ)

−

∫ θ̄
¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
T
(
wl(θ)

)
dF (θ)∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))
∂s(θ)
∂b

H ′s
(
s(θ)

)
dF (θ)

.

(A.22)

By using the implicit function theorem on the employees private first-order condi-

tion we see that ∂s(θ)/∂b < 0. We find that ∂s(θ)/∂b = H ′s
(
s(θ)

)
/
(
H ′′s
(
s(θ)

)(
wl(θ)−

Tw
(
wl(θ)

)
−ψ
( l(θ)

θ

)
−b
)
−ψ′′

( s(θ)
θ

)
/θ2
)

. Since we assume thatH ′s
(
s(θ)

)
> 0, ψ′′

( s(θ)
θ

)
/θ2 >

0 and H ′′s
(
s(θ)

)
≤ 0 this implies that ∂s(θ)/∂b < 0.
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Appendix B:

When we include an externality from unemployment in the search cost function,
the objective function of the social planner becomes:

max
E(θ),L(θ),l(θ),vE(θ),vW (θ),φ̃(θ),b,u

=

∫ θ̄

¯
θ

[
G̃θ

(
φ̃(θ)

)
vE(θ) +

(
1− G̃θ

(
φ̃(θ)

))
vW (θ)

]
dF̃ (θ)

−
∫ θ̄

¯
θ

∫ φ̃(θ)

¯
φθ

φdG̃θ(φ)dF̃ (θ)

s.t. vEθ
′(θ) = ψ′

(E(θ)

θ

)E(θ)

θ2
∀θ ∈ [

¯
θ, θ̄],

vWθ
′(θ) = H

(
s(θ)

)
ψ′
( l(θ)
θ

) l(θ)
θ2

+ ϕ′s
(s(θ)
θ
, u
)s(θ)
θ2

∀θ ∈ [
¯
θ, θ̄],∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))
H
(
s(θ)

)
l(θ)dF (θ)−

∫ θ̄

¯
θ

Gθ

(
φ̃(θ)

)
L(θ)dF (θ) ≥ 0,∫ θ̄

¯
θ

[
Gθ

(
φ̃(θ)

)(
Y
(
L(θ), E(θ)

)
− vE(θ)− ψ

(E(θ)

θ

))
−
(

1−Gθ

(
φ̃(θ)

))(
vW (θ) +H

(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ

(s(θ)
θ
, u
))]

dF (θ) ≥ 0,

b ≥ 0,

u =

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))(
1−H

(
s(θ)

))
dF (θ).

(B.1)

After integrating by parts we get the following Lagrangian,:

L =

∫ θ̄

¯
θ

[
G̃θ

(
φ̃(θ)

)
vE(θ)−

∫ φ̃(θ)

¯
φθ

φdG̃θ(φ) +
(

1− G̃θ

(
φ̃(θ)

))
vW (θ)

]
dF̃ (θ)

−
∫ θ̄

¯
θ

[
µEθ
′(θ)vE(θ) + µE(θ)ψ′

(E(θ)

θ

)E(θ)

θ2

]
dθ

−
∫ θ̄

¯
θ

[
µWθ
′(θ)vW (θ) + µW (θ)

(
H
(
s(θ)

)
ψ′
( l(θ)
θ

) l(θ)
θ2

+ ϕ′s
(s(θ)
θ
, u
)s(θ)
θ2

)]
dθ

+ λL

[ ∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))
H
(
s(θ)

)
l(θ)−Gθ

(
φ̃(θ)

)
L(θ)dF (θ)

]
+ λR

[ ∫ θ̄

¯
θ

[
Gθ

(
φ̃(θ)

)(
Y
(
L(θ), E(θ)

)
− vE(θ)− ψ

(E(θ)

θ

))
−
(

1−Gθ

(
φ̃(θ)

))(
vW (θ) +H

(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ

(s(θ)
θ
, u
))]

dF (θ)

]
+ γb+ κ

[
u−

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))(
1−H

(
s(θ)

))
dF (θ)

]
.

(B.2)
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From ∂L/∂L(θ) = 0 we find:

Y ′L
(
L(θ), E(θ)

)
=
λL
λR

∀θ ∈ [
¯
θ, θ̄]. (B.3)

Since the production function is assumed to have a constant returns to scale, this
implies that the marginal return to labor and effort must be equalized. This implies
that:

Y ′L
(
L(θ), E(θ)

)
= w ∀θ ∈ [

¯
θ, θ̄],

and

Y ′E
(
L(θ), E(θ)

)
= w̃ ∀θ ∈ [

¯
θ, θ̄].

(B.4)

From ∂L/∂vW (θ) = 0 we find:

µWθ
′(θ) =

(
1− G̃θ

(
φ̃(θ)

))
f̃(θ)− λR

(
1−Gθ

(
φ̃(θ)

))
f(θ)

+ λLgθ
(
φ̃(θ)

)
f(θ)

(
H
(
s(θ)

)
l(θ) + L(θ)

)
− κgθ

(
φ̃(θ)

)
f(θ)

(
1−H

(
s(θ)

))
− λRgθ

(
φ̃(θ)

)
f(θ)

(
Y
(
L(θ), E(θ)

)
− vE(θ)− ψ

(E(θ)

θ

)
+ vW (θ) +H

(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ

(s(θ)
θ
, u
))
.

(B.5)

Using the constant returns to scale of the production function, λL = wλR, cE(θ) =

vE(θ) + ψ
(E(θ)

θ

)
, and cW (θ) = vW (θ) +H

(
s(θ)

)
ψ
( l(θ)

θ

)
+ ϕ

( s(θ)
θ

)
, we get:

µWθ
′(θ) =

(
1− G̃θ

(
φ̃(θ)

))
f̃(θ)− λR

(
1−Gθ

(
φ̃(θ)

))
f(θ)− κgθ

(
φ̃(θ)

)
f(θ)

(
1−H

(
s(θ)

))
− λRgθ

(
φ̃(θ)

)
f(θ)

(
w̃E(θ)− cE(θ)−

(
wH

(
s(θ)

)
l(θ)− cW (θ)

))
.

(B.6)

We can define the tax wedge between entrepreneurs and employees as ∆T (θ) ≡ w̃E(θ)−
cE(θ)−

(
wH

(
s(θ)

)
l(θ)− cW (θ)

)
. Using this we get:

µWθ
′(θ) =

(
1− G̃θ

(
φ̃(θ)

))
f̃(θ)− λR

(
1−Gθ

(
φ̃(θ)

))
f(θ)− κgθ

(
φ̃(θ)

)
f(θ)

(
1−H

(
s(θ)

))
− λRgθ

(
φ̃(θ)

)
f(θ)∆T (θ).

(B.7)

Using ∂L/∂vE(θ) = 0 and similar steps, we find:

µEθ
′(θ) =G̃θ

(
φ̃(θ)

)
f̃(θ)− λRGθ

(
φ̃(θ)

)
f(θ) + κgθ

(
φ̃(θ)

)
f(θ)

(
1−H

(
s(θ)

))
+ λRgθ

(
φ̃(θ)

)
f(θ)∆T (θ).

(B.8)
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By the transversality conditions we know that
∫ θ̄

¯
θ
µWθ
′(θ)dθ =

∫ θ̄
¯
θ
µEθ
′(θ)dθ = 0. By

adding
∫ θ̄

¯
θ
µWθ
′(θ) + µEθ

′(θ)dθ = 0 we find that λR = 1. Using this we can rewrite the

expression for µWθ
′(θ) to find:

µWθ
′(θ) =

(
1− G̃θ

(
φ̃(θ)

))
f̃(θ)−

(
1−Gθ

(
φ̃(θ)

))
f(θ)− gθ

(
φ̃(θ)

)
f(θ)

(
κ
(

1−H
(
s(θ)

))
+ ∆T (θ)

)
.

(B.9)

By integrating this expression we find:

µW
(
θ̄
)

= µ(θ)+

∫ θ̄

θ

[(
1− G̃θ

(
φ̃(θ̂)

))
f̃(θ̂)−

(
1−Gθ

(
φ̃(θ̂)

))
f(θ̂)

− gθ
(
φ̃(θ̂)

)
f(θ̂)

(
κ
(

1−H
(
s(θ̂)

))
+ ∆T (θ̂)

)]
dθ̂.

(B.10)

By using the transversality condition µ
(
θ̄
)

= 0 we find that:

µW (θ) =

∫ θ̄

θ

[(
1−Gθ

(
φ̃(θ̂)

))
f(θ̂)−

(
1− G̃θ

(
φ̃(θ̂)

))
f̃(θ̂)

+ gθ
(
φ̃(θ̂)

)
f(θ̂)

(
κ
(

1−H
(
s(θ̂)

))
+ ∆T (θ̂)

)]
dθ̂.

(B.11)

Using the same steps we find the following from ∂L/∂vE(θ) = 0:

µE(θ) =

∫ θ̄

θ

[
Gθ

(
φ̃(θ̂)

)
f(θ̂)− G̃θ

(
φ̃(θ̂)

)
f̃(θ̂)

− gθ
(
φ̃(θ̂)

)
f(θ̂)

(
κ
(

1−H
(
s(θ̂), u

))
+ ∆T (θ̂)

)]
dθ̂.

(B.12)

From ∂L/∂l(θ) = 0 we can use that λL = wλR and λR = 1 to find:

µW (θ)H
(
s(θ)

)(
ψ′
( l(θ)
θ

)
/θ2+ψ′′

( l(θ)
θ

) l(θ)
θ3

)
=
(

1−Gθ

(
φ̃(θ)

))
f(θ)H

(
s(θ)

)(
w−ψ′

( l(θ)
θ

)
/θ
)
.

(B.13)

This can be rewritten as:

µW (θ)
(
ψ′
( l(θ)

θ

)
/θ + ψ′′

( l(θ)
θ

) l(θ)
θ2

)
θ
(

1−Gθ

(
φ̃(θ)

))
f(θ)

= w − ψ′
( l(θ)
θ

)
/θ. (B.14)
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Using the private first-order condition of the employeeH
(
s(θ)

)(
w
(
1−T ′w(θ)

)
−ψ′

( l(θ)
θ

)
/θ
)

=

0 and the implicit function theorem, we can define the elasticity of labor supply with
respect to after tax wages:

εw(θ) =
∂l(θ)

∂w
(
1− T ′w(θ)

)w(1− T ′w(θ)
)

l(θ)

= −
H
(
s(θ)

)
−H

(
s(θ)

)
ψ′′
( l(θ)

θ

)
/θ2

ψ′
( l(θ)

θ

)
/θ

l(θ)

=
ψ′
( l(θ)

θ

)
/θ

l(θ)ψ′′
( l(θ)

θ

)
/θ2

.

(B.15)

From this we find:

µW (θ)
(
1 + 1/εw(θ)

)
θ
(

1−Gθ

(
φ̃(θ)

))
f(θ)

=
w − ψ′

(
l(θ)
θ

)
/θ

ψ′
( l(θ)

θ

)
/θ

=
w − w

(
1− T ′w(θ)

)
w
(
1− T ′w(θ)

)
=

T ′w
1− T ′w

.

(B.16)

Combining this with Equation (B.11), and defining ∆Ω(θ) ≡
(

1 − Gθ

(
φ̃(θ)

))
f(θ) −(

1 − G̃θ

(
φ̃(θ)

))
f̃(θ), we find the following rule for the optimal marginal taxation of

wage income:

T ′w
1− T ′w

=
(
1 +

1

εw(θ)

)
×

∫ θ̄
θ

[
∆Ω(θ̂) + gθ

(
φ̃(θ̂)

)
f(θ̂)

(
κ
(

1−H
(
s(θ̂)

))
+ ∆T (θ̂)

)]
dθ̂

θ
(

1−Gθ

(
φ̃(θ)

))
f(θ)

.

(B.17)

Using similar calculations for ∂L/∂E(θ), defining επ(θ) as the marginal elasticity of
effort with respect to after-tax profits and ∆Π(θ) ≡ Gθ

(
φ̃(θ)

)
f(θ)− G̃θ

(
φ̃(θ)

)
f̃(θ), and

using Equation (B.12), we find the following tax rule for firm profits:

T ′π
1− T ′π

=
(
1 +

1

επ(θ)

)∫ θ̄θ
[
∆Π(θ̂)− gθ

(
φ̃(θ̂)

)
f(θ̂)

(
κ
(

1−H
(
s(θ̂)

))
+ ∆T (θ̂)

)]
dθ̂

θ
(

1−Gθ

(
φ̃(θ)

))
f(θ)

,

(B.18)
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From ∂L/∂b = 0 we find:

∂L
∂b

=

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂vW (θ)

∂b
dF̃ (θ)−

∫ θ̄

¯
θ

µWθ
′(θ)

∂vW (θ)

∂b
dθ

−
∫ θ̄

¯
θ

µW (θ)
∂s(θ)

∂b

(
H ′s
(
s(θ)

)
ψ′
( l(θ)
θ

) l(θ)
θ2

+ ϕ′s
(s(θ)
θ
, u
)
/θ2 + ϕ′′s

(s(θ)
θ
, u
)s(θ)
θ3

)
dθ

+ λL

∫ θ̄

¯
θ

gθ
(
φ̃(θ)

)∂vW (θ)

∂b

(
L(θ) +H

(
s(θ)

)
l(θ)
)
dF (θ)

+ λL

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
l(θ)dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂vW (θ)

∂b
dF (θ)

− λR
∫ θ̄

¯
θ

gθ
(
φ̃(θ)

)∂vW (θ)

∂b

(
Y
(
L(θ), E(θ)

)
− vE(θ)− ψ

(E(θ)

θ

)
+ vW (θ) +H

(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ

(s(θ)
θ
, u
))
dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

(
H ′s
(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ′s

(s(θ)
θ
, u
)
/θ
)
dF (θ)

− κ
∫ θ̄

¯
θ

gθ
(
φ̃(θ)

)∂vW (θ)

∂b

(
1−H

(
s(θ)

))
+ κ

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
dF (θ)

+ γ = 0.
(B.19)

Using that
∫ θ̄

¯
θ

∂L
∂vW (θ)

∂vW (θ)
∂b

dθ = 0 in optimum we find:

∂L
∂b

= −
∫ θ̄

¯
θ

µW (θ)
∂s(θ)

∂b

(
H ′s
(
s(θ)

)
ψ′
( l(θ)
θ

) l(θ)
θ2

+ ϕ′s
(s(θ)
θ
, u
)
/θ2 + ϕ′′s

(s(θ)
θ
, u
)s(θ)
θ3

)
dθ

+ λL

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
l(θ)dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

(
H ′s
(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ′s

(s(θ)
θ
, u
)
/θ
)
dF (θ)

+ κ

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
dF (θ) + γ = 0.

(B.20)
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If we combine this with the previous findings that λR = 1 and λL = w we get:

∫ θ̄

¯
θ

µW (θ)
∂s(θ)

∂b

(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′s
(s(θ)
θ
, u
)
/θ2 + ϕ′′s

(s(θ)
θ
, u
)s(θ)
θ3

)
dθ − γ

=

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

(
H ′s
(
s(θ)

)(
wl(θ)− ψ

( l(θ)
θ

))
− ϕ′s

(s(θ)
θ
, u
)
/θ

)
dF (θ)

+ κ

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
dF (θ).

(B.21)

Combining this with the private first-order condition H ′s
(
s(θ)

)(
wl(θ) − Tw

(
wl(θ)

)
−

ψ
( l(θ)

θ

)
− b
)
− ψ′

( s(θ)
θ
, u
)
/θ = 0, we can rewrite this expression and find:

∫ θ̄

¯
θ

µW (θ)
∂s(θ)

∂b

(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′s
(s(θ)
θ
, u
)
/θ2 + ϕ′′s

(s(θ)
θ
, u
)s(θ)
θ3

)
dθ − γ

− κ
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
dF (θ)

=

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)(
T
(
wl(θ)

)
+ b
)
dF (θ).

(B.22)

Solving for b we get:

b =

∫ θ̄
¯
θ
µW (θ)∂s(θ)

∂b

(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′s
( s(θ)

θ
, u
)
/θ2 + ϕ′′s

( s(θ)
θ
, u
) s(θ)
θ3

)
dθ − γ∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
dF (θ)

−

∫ θ̄
¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
T
(
wl(θ)

)
dF (θ)∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂b

H ′s
(
s(θ)

)
dF (θ)

− κ.

(B.23)

xii



By using the implicit function theorem on the employees private first-order condition
we find that ∂s(θ)/∂b < 0.17 We can use ∂L/∂u to solve for κ:

∂L
∂u

=

∫ θ̄

¯
θ

(
1− G̃θ

(
φ̃(θ)

))∂vW (θ)

∂u
dF̃ (θ)

−
∫ θ̄

¯
θ

µWθ
′(θ)

∂vW (θ)

∂u
dθ

−
∫ θ̄

¯
θ

µW (θ)
(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′s
(s(θ)
θ
, u
)
/θ2 + ϕ′′s

(s(θ)
θ
, u
)s(θ)
θ3

)∂s(θ)
∂u

dθ

−
∫ θ̄

¯
θ

µW (θ)ϕ′′s,u
(s(θ)
θ
, u
)s(θ)
θ2

dθ

+ λL

∫ θ̄

¯
θ

gθ
(
φ̃(θ)

)∂vW (θ)

∂u

(
H
(
s(θ)

)
l(θ) + L(θ)

)
dF (θ)

+ λL

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂u

H ′s
(
s(θ)

)
l(θ)dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂vW (θ)

∂u
dF (θ)

− λR
∫ θ̄

¯
θ

gθ
(
φ̃(θ)

)∂vW (θ)

∂u

×
(
Y
(
L(θ), E(θ)

)
− vE(θ)− ψ

(E(θ)

θ

)
+ vW (θ) +H

(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ

(s(θ)
θ
, u
))
dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂u

(
H ′s
(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ′s

(s(θ)
θ
, u
)
/θ
)
dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))
ϕ′u
(s(θ)
θ
, u
)
dF (θ)

− κ
∫ θ̄

¯
θ

gθ
(
φ̃(θ)

)∂vW (θ)

∂u

(
1−H

(
s(θ)

))
dF (θ)

+ κ

(
1 +

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂u

H ′s
(
s(θ)

)
dF (θ)

)
= 0.

(B.24)

17We find that ∂s(θ)/∂b = H ′s
(
s(θ)

)
/
(
H ′′s
(
s(θ)

)(
wl(θ)− Tw

(
wl(θ)

)
− ψ

( l(θ)
θ

)
− b
)
− ψ′′

( s(θ)
θ

)
/θ2
)

.

Since we assume that H ′s
(
s(θ)

)
> 0, ψ′′

( s(θ)
θ

)
/θ2 > 0 and H ′′s

(
s(θ)

)
≤ 0 this implies that ∂s(θ)/∂b < 0.

xiii



Using that ∂L/∂vW (θ) = 0 ∀θ ∈ [
¯
θ, θ̄] in optimum we get:

0 =−
∫ θ̄

¯
θ

µW (θ)
∂s(θ)

∂u

(
H ′s
(
s(θ))ψ′

( l(θ)
θ

) l(θ)
θ2

+ ϕ′s
(s(θ)
θ
, u
)
/θ2 + ϕ′′s

(s(θ)
θ
, u
)s(θ)
θ3

)
dθ

−
∫ θ̄

¯
θ

µW (θ)ϕ′′s,u
(s(θ)
θ
, u
)s(θ)
θ2

dθ

+ λL

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂u

H ′s
(
s(θ)

)
l(θ)dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂u

(
H ′s
(
s(θ)

)
ψ
( l(θ)
θ

)
+ ϕ′s

(s(θ)
θ
, u
)
/θ
)
dF (θ)

− λR
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))
ϕ′u
(s(θ)
θ
, u
)
dF (θ)

+ κ

(
1 +

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂u

H ′s
(
s(θ)

)
dF (θ)

)
,

(B.25)

which can be simplified using λR = 1 and λL = w:

∫ θ̄

¯
θ

µW (θ)
[
ϕ′′s,u

(s(θ)
θ
, u
)s(θ)
θ2

+
∂s(θ)

∂u

(
H ′s
(
s(θ)

)
ψ′
( l(θ)
θ

) l(θ)
θ2

+
ϕ′s
( s(θ)

θ
, u
)

θ2
+ ϕ′′s

(s(θ)
θ
, u
)s(θ)
θ3

)]
dθ

=

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))[
ϕ′u
(s(θ)
θ
, u
)

+
∂s(θ)

∂u

(
H ′s
(
s(θ)

)(
wl(θ)− ψ

( l(θ)
θ

))
−
ϕ′s
(
s(θ)
θ
, u
)

θ

)]
dF (θ)

+ κ

(
1 +

∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂u

H ′s
(
s(θ)

)
dF (θ)

)
= 0.

(B.26)

Solving for κ and by using the private fist order condition H ′s
(
s(θ)

)(
wl(θ)−Tw

(
wl(θ)

)
−

ψ
(
l(θ)
θ

)
− b
)

= ϕ′s
( s(θ)

θ
, u
)
/θ we get:

κ =

∫ θ̄
¯
θ
µW (θ)

[
ϕ′′s,u

( s(θ)
θ
, u
) s(θ)
θ2

+ ∂s(θ)
∂u

(
H ′s
(
s(θ)

)
ψ′
( l(θ)

θ

) l(θ)
θ2

+
ϕ′
s

(
s(θ)
θ
,u
)

θ2
+ ϕ′′s

( s(θ)
θ
, u
) s(θ)
θ3

)]
dθ

1 +
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))
∂s(θ)
∂u

H ′s
(
s(θ)

)
dF (θ)

−

∫ θ̄
¯
θ

(
1−Gθ

(
φ̃(θ)

))[
ϕ′u
( s(θ)

θ
, u
)

+ ∂s(θ)
∂u

H ′s
(
s(θ)

)(
Tw
(
wl(θ)) + b

)]
dF (θ)

1 +
∫ θ̄

¯
θ

(
1−Gθ

(
φ̃(θ)

))∂s(θ)
∂u

H ′s
(
s(θ)

)
dF (θ)

.

(B.27)
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