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Abstract
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Figure 1: Union density and tax progressivity

1 Introduction

In the optimal taxation model of Mirrlees (1971), labour markets are perfectly
competitive. Every worker gets his marginal product. This leaves no room for
labour market institutions to affect the optimal tax schedule. However, a brief
look at raw data (see figure 1') suggests that there exists a positive correlation
between union membership and the progressivity of the tax schedule across
countries. The present paper tries to explain this correlation from a normative
point of view by integrating labour market frictions and union power in an
optimal taxation framework.

Unions are often blamed for inefficiencies by setting wages above the com-
petitive level. At the same time, redistributive policies are often blamed for
creating inefficiencies by altering the incentives of the workers. Our paper tries
to connect these two sources of inefficiency. In a second-best world, it might
well be the case that these two sources of inefficiency do not simply add to each
other. Especially, as we will show, inefficiencies created by unions might be
weakened by high marginal tax rates.

Tax policy affects economic outcomes in several ways and through different

IThe coefficient of residual income progression (CRIP) measures local tax progressivity,
here at 167% of income of an average production worker. Similar results are obtained at other
income levels. A high CRIP means low tax progressivity. Union density is union members as
part of the working population.

Source: OECD (1997,1998)



channels. Following the article of Mirrlees (1971), much emphasis has been put
on the hours-of-work reaction of individuals to tax changes. The results are
however rather disappointing, the elasticity of hours worked with respect to the
marginal tax rate is estimated to be rather low and often close to zero (see
Pencavel, 1986, for a survey). On the other side, the elasticity of income with
respect to the marginal tax rate has been shown to be significantly positive (see
Blundell and MaCurdy, 1999, for a survey). One way to explain the differences
in elasticities is to assume that labour supply consists not only in the choice
of hours worked, but also in effort, human capital and occupational choices.
Based on the elasticity of income with respect to the marginal tax rate and still
assuming perfect labour markets, one can then still use the canonical Mirrlees
model to derive the optimal tax schedule, without specifying through which of
these channels the tax rate effectively affects outcomes. This might people make
believe that the channel has no importance, only the elasticity matters. This
is however not true. In a previous paper (Hungerbiihler et al., 2003), we have
shown that if labour markets are imperfect and tax choices affect wage forma-
tion, the optimal tax schedule differs considerably compared to the canonical
model of optimal income taxation. It is therefore important to specify exactly
how tax changes affect economic outcomes.

For our purpose, we follow the model developed in Hungerbiihler et al.
(2003). Matching frictions in the labour market create rents that are shared
between the firm and the workers through a Nash bargain. Tax policy affects
the outcomes in two fundamental ways. First, a higher level of taxes decreases
the rent and therefore income of the workers. It also increases gross wages and
therefore decreases employment. Second, higher marginal tax rates reduce the
incentives of the union to claim higher wages. This leads to wage moderation.
Unions are assumed to have the same impact as in the canonical right-to-manage
union models: They increase wages. Tax policy can then be used to change
the effective bargaining strength of unions, as was shown by Hersoug (1984);
Lockwood and Manning (1993). More technically, Hungerbiihler et al. (2003)
assume the Hosios condition to be satisfied. While there exist good estimates
for the elasticity of the matching function, there are no reliable estimates for the
workers’ bargaining power. The Hosios condition, that states that the workers’
bargaining power equals the elasticity of the matching function, is thus an ad-
hoc assumption that has not to be true in the real world. It therefore becomes
interesting to extend the framework developed in Hungerbiihler et al. (2003) to
the case where the Hosios condition is not satisfied.

The literature about taxation in matching models has mainly focussed on
models with a representative agent. It has been shown (see e.g. Pissarides,
1998; Sgrensen, 1999) that tax policy can be used to restore efficiency. These
studies however neglect issues of equity between individuals with heterogeneous
productivities. On the other side, Hungerbiihler et al. (2003) examine issues of
equity, but assume that the outcome in the laissez-faire economy is efficient.
Departing form Hungerbiihler et al. (2003), we do not make this assumption.
Taxation can therefore be used to restore efficiency and to increase equity.

Our paper leads to one main result. If unions are strong, then the optimal tax



schedule is more progressive than if unions are weak. Labour market institutions
can therefore have a considerable effect on the optimal tax schedule. Moreover,
we find that the inefficiencies created by unions are partly offset by the adverse
selection problem of the government. Welfare is increasing in union power.

Even though labour income is the main income for most households, there
are few studies in optimal income taxation that take labour market frictions
into account. Our model takes the framework developed by Hungerbiihler et al.
(2003). This study is however also close to the setting of Aronsson and Sjérgen
(2001) where unions choose the wage rate. Their model is richer than ours,
since the government not only chooses an income tax schedule but also unem-
ployment benefits, the provision of a public good and linear commodity taxation.
Moreover, they introduce the intensive hours-of-work margin. This complexity
however makes it difficult to derive qualitative results. Our model is different
in the sense that we rely on a matching model, which allows us to have an equi-
librium model where the behaviour of firms is integrated. Engstrom (2002) also
uses a matching model, but assumes that hourly wages are fixed and income is
only affected by the choice of working hours. He finds negative marginal tax
rates at the top of the distribution. Another interesting paper that combines
imperfect labour markets to the optimal taxation literature has been written
by Hariton and Piaser (2004). In their context, there is one monopsonistic firm
on the labour market. This firm is however uninformed about the productivity
of the worker and offers therefore a menu of wage-working-time contracts to
the workers. The model thus includes a two-stage adverse selection problem.
They find that the optimal tax schedule has taxes that are decreasing with the
income of the individual. These examples show that imperfect labour markets
can change dramatically the results obtained in the standard Mirrlees frame-
work. Labour market frictions should thus not be neglected when talking about
optimal income taxation. Our paper adds new arguments by integrating union
behaviour into this framework.

The structure of the paper is as follows. Section 2 presents the model. In sec-
tion 3, we derive some analytical results. Section 4 shows numerical simulations
and section 5 finally concludes.

2 The Model

2.1 Notations and time setting

The economy lasts for one period.? There is a mass 1 of risk-neutral workers.
Labour income is their only source of revenue. Workers are heterogeneous in
their exogenous ability a € [ag,a1]. The workers’ abilities are distributed accord-
ing to the continuous density function f(.) and the corresponding cumulative
distribution function F'(.). The distribution of abilities is common knowledge,
but the ability is private information of the worker. The firm however detects

20ur static model simplifies the dynamic version of the matching model but still captures
its major mechanisms (see Boone and Bovenberg, 2002).



the ability of a worker through costly screening during the hiring process. Firms
are profit-maximising and produce a single good. The number of firms is en-
dogenous. To enter the labour market, a firm has to invest capital k, to create
a workstation for workers of type a. The complexity of the workstation deter-
mines the ability that is needed by the worker to run this workstation. We
assume directed search, that is, vacant jobs are advertised with the required
ability level and workers only apply for jobs of their ability level. There is per-
fect competition among firms, such that they enter the labour market as long
as expected profits are positive.

Individuals’ preferences on consumption and leisure are assumed quasi-linear
in consumption. The individual has the binary choice to use all his time en-
dowment as leisure or to search for a job in which case his leisure time is 0.
We denote the type-independent utility of leisure by d. A worker in a type-a
job creates an output equal to a and receives a gross wage w,. The government
sets a continuously differentiable income tax function 7'(.) and a welfare benefit
b that is given to all non-working individuals. We define the rent z, that an
employed worker gets by x, = w, — T (w,) —b. Individuals who enter the labour
market but do not find a job get an income equal to the type-independent wel-
fare benefit b. Inactive individuals get the welfare benefit, but also enjoy leisure
that they value d.

The timing of events is as follows. First, the government commits to an
income taxation scheme and a welfare benefit that is given to all individuals
who do not work. Next, workers and firms decide whether to enter the labour
market or not. Participation is costly to both the individual and the firm. An
individual has to give up his leisure time to search for work. On the other side,
firms that want to participate in the labour market have to open a vacancy,
install the required equipment and advertise the job opening. This investment
is irreversible. Once firms and individuals are on the market, they search for a
partner to engage in production. A worker with ability a has to find an open
vacancy that requires his productivity. In the next step, the skill-specific union
and the firms negotiate the wages. Finally, output is produced and transfers
occur. We solve backwards.

2.2 Unions and the wage bargain

Unions are concerned about a wide range of issues. Most of them are not directly
related to wage policies of the firm. However, since we are here mainly interested
in the determination of wages and employment, we restrain ourselves to these
variables as the arguments of the union’s objective function. This is in line with
most of the literature (see Booth, 1995).

The union bargains with all the firms of one sector about the wage level only.
Employment is then determined by the behaviour of firms. A bargain about
wage levels and employment would be more efficient, but there is little empirical

3This is in line with empirical evidence showing that the intensive hours-of-work margin is
small and possibly not significantly different from 0 (see Pencavel, 1986).



evidence that unions negotiate about total employment. In the bargain, the
union and the firms are in a bilateral monopoly. To avoid indeterminacy, we
assume that the negotiated wage satisfies the solution of the generalized Nash
bargain. This can be micro-founded by a game-theoretic approach (Binmore
et al., 1986).

In the canonical right-to-manage model of unions, the union has preferences
about employment and the wage rate and bargains about the wage with the firm.
Due to the free-entry condition for firms and the static nature of our model, we
are not able to introduce the canonical model in our framework.? In fact, if the
bargain takes place before the entry of firms, then firms do not care about wages
and employment, since the free-entry condition drives expected profits down to
zero anyway. If however the bargain takes place after the entry of firms, then,
at the time of the wage bargain, employment is already determined by the free-
entry condition and the matching function, and the negotiated wages have no
impact on employment any more at this stage. A union that has preferences for
employment would then act in the same way as a union that has no preferences
for high employment levels, since employment is already fixed at the stage of
the wage bargain. We assume that bargaining takes place after workers and
firms have matched and the union’s preferences are only about the wage rate.
The union therefore only cares about insiders and maximises their rents.

Workers with productivity a are represented by the same union. This union
is assumed skill-specific, that is, the type-a union only cares of workers with
productivity a. The members of union a are therefore all identical. This also
implies that the union is only interested in equity among workers with produc-
tivity a, but not among workers of different productivities.

Note that the size of the firms is indeterminate in our model. There might
be many small firms or one single large firm. It is however important in our
context that a small firm can always enter the market, which implies a zero-
profit condition for expected profits of the firm. Consequently, the union setting
can be viewed in different ways. Our model is compatible with one large firm
that negotiates about wages with its workers who are organised in a union. The
bargain then takes place at the firm level and the union is firm-specific. Our
model is however also consistent with a more corporatist interpretation (Teulings
and Hartog, 1998) where workers are employed in small firms but organised in
a unique union for a given sector. The union then negotiates wages with the
employer’s federation and this agreement is applied to all wage contracts in this
sector by mandatory extension.

At this stage of the game, the entry costs are sunk. If there is an agreement
between the firms and the union on the wage rate, the output is produced and
the firm pays the workers the gross wage w,. In the absence of an agreement,
nothing is produced, and the workers only get the welfare benefit 5. The rent
of the union member is therefore equal to w, — T'(w,) — b, whereas the profit of
the firm equals a — w,. As in the canonical union model, we assume that the

4The only exception is the case of a monopoly union. As shown in appendix A, this
alternative assumption on time setting and union behaviour does not change our results.



wage negotiation takes the form of a Nash bargain
B 18
max [w, — T (ws) — ] [a — wg]
Wa

where 5 € (0,1) denotes the union’s relative bargaining power that is assumed
to be the same for all types. To simplify notations in what follows, we define
the mazimised Nash product N, as

1-8

N = A [, = 7 () -] [ 20 M

Wa Ka

where A and v are constants of the matching function defined in the next section.
This monotonous transformation of the Nash bargain does not change the first-
order condition of the maximisation problem and therefore it does not affect
our results.

The first-order condition of this maximisation problem leads to the following
expression of the gross wage rate:

_BA-T)a+(1-p)(Ta+tb)
Wq = l—ﬂTé (2)

where T, = T (w,) denotes the level of taxes and T, = 9T (w,)/0w, denotes
the marginal tax rate paid by a worker with gross income w,. This equation
can be rewritten as

pQA-T,)

we — T, =b+ 1= 3T

(a—T,—0)
This shows the usual intuition in a Nash bargain that the workers get their
outside option plus a part of the total surplus created by the match. In this

B(1-T.)

1-BT),
of the union. In the absence of taxation, this bargaining strength is equal to
the bargaining power.

The wage equation also gives the intuitive result that an increase in the
union’s bargaining power leads to higher wages.

The effects of tax policy on wages and unemployment have first been studied
by Hersoug (1984) for the case of a monopoly union and by Lockwood and
Manning (1993) for the more general case where unions and firms bargain about
wages. A higher level of taxes leads to gross wage pressure. An increase in T},
reduces the surplus that can be shared between the firm and the workers. This
reduction is however shared between the firm and the worker. This implies that
the gross wage w, increases, by less than the tax increase. On the other side, an
increase in the marginal tax rate 7, decreases the gross wage w,. The reason of
this result lies in the assumption on Nash bargaining. If the marginal tax rate
is high, an additional increase in the gross wages results only in a small increase
of the workers’ net wages. Therefore, the union has less incentives to fight for
wage increases and the bargaining strength of the union decreases.

view, the factor

can be seen as the effective relative bargaining strength



2.3 The matching process, participation decisions and em-
ployment

We assume that there is a matching function that gives the number of employed
individuals as a function of the number of workers searching for a job and the
number of firms searching for a worker. This matching function is assumed to
represent heterogeneities and frictions that we do not model explicitly. Let U,
denote the number of searching workers of type a and V, the number of open
vacancies for type-a workers. It is usually assumed that the matching function
H(U,,V,) is increasing in both its arguments, concave and homogeneous of
degree 1. Empirical studies have found that a Cobb-Douglas approximation of
the matching function fits the data well (see Pissarides, 2000; Petrongolo and
Pissarides, 2001). We therefore assume that the number of filled jobs H, is
given by

H,=AWU,) (V,)'"7  with € (0,1) (3)

where A > 0 is a scale parameter of the matching function. If individuals of
type a search for work, then U, = f (a), otherwise U, = 0.

To produce a units of labour, the firm has to invest k, units of capital, to
open a vacancy and find one worker of type a. Since the investment takes place
before the matching to the worker, some firms do not find a worker. In that
case, the loss of the firm is equal to the investment k,. If the firm finds a worker
for its vacancy, then they have to bargain about the wage rate and the firm’s
profit writes a —w, — k,. Firms enter the market as long as the expected profits
are positive. Taking the matching function into account, the expected profit

can be written as

H,

A (a —w,) — Kq
where H,/V, denotes the probability that a firm finds a worker of type a.
At equilibrium, this expected profit is nil, which implies that the number of

vacancies posted by firms equals

a— Wy

V., =H,

Ka
Introducing this result into the matching function (3) allows us to write the
level of employment L, for workers of type a as
1—v

L, = Ha _ 42 <a_w“> ’ (4)

Kq

if individuals of type a search for work and 0 otherwise.

An additional firm that enters the market increases employment and there-
fore gross output. But it also increases the resources spent for capital invest-
ments. The impact of a new open vacancy on net output (net of investment
costs) is then ambiguous and depends on the number or vacant jobs that are



already on the labour market. If the wage is sufficiently low, the firm has incen-
tives to enter the market, even though this is not optimal from a social point of
view.

The gross output generated by workers of type a is equal to aL, f (a). Let

Vaka

[ (a)

Output net of investment costs on the type-a labour market can then be written
as Y - f (a). Using the free-entry condition, one gets Y, = w,L,, and can then
derive the efficient levels of the wage rate and of employment that maximise net
output

Y.=al, —

1=y 1 a 1_%
wimra  Li=(-9)Tat () (5)
Ra
A worker who is searching for work has the expected utility L, [w, — T (w,) — b]+
b which can be rewritten using the definition of the maximised Nash product as
1 1

N, (a_wa);ﬂw (6)

Rq

We assume that x, evolves in such a way that this expression is increasing in
worker’s type @ in the second-best solution®. A worker decides to search for a
job if his expected utility when searching for work is higher than what he gets
when he does not search for work, i.e. b+ d. Our assumption on k, implies
that there exists a single threshold a4 that separates inactive from searching
individuals. All types a > a4 search for work, whereas types with a < a4 stay
inactive.

2.4 The government’s problem
2.4.1 Incentive constraints

Since the government only observes the income of individuals but not their
productivity, it faces an adverse selection problem. Therefore, the government
has to write a direct taxation contract that leads agents to reveal their ability.
The particularity of this problem in our context is that the information revealed
through the wage rate is an information that is jointly determined by the workers
and the firms. This does however not change the technical tools that can be used
to solve the incentive problem and standard techniques apply (see Fudenberg
and Tirole, 1991, chapter 7). Using the taxation principle, it is equivalent to
design a tax function T (w) or to let the firm-worker pair choose among a menu
of allocations (w,,Ty,). To be optimal, the allocations must induce the individual
matches to truthfully reveal their type, which is the case for a worker of type a
if and only if for all @’ # a
1-8 1-8

(2=2) 7 e r oz (222) 7 o r

Kq Kq

5This turns out to be true for our simulation results.
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Figure 2: The incentive problem in the case of two types

Since at a constant Nash product [w — T (w) — b]° [a — w]l_ﬁ, we have that

or 1-0 =z

ow B a—-w

is decreasing in a, the single-crossing property is fulfilled, which allows us to
replace the incentive constraint by the first-order condition

Na:ﬂ( ! —k—“>Na 7)

B a4 — Wq Ka

and the second-order condition w, > 0°.

The incentive problem is depicted in figure 2 for the case of two types with
ag > ar. Ng and Np are the iso-Nash curves for the high-skilled and the
low-skilled respectively. Agents prefer bundles that give higher net income and
lower gross income. This is because lower gross income implies a lower labour
cost supported by firms. Since the government cares about equity, it wants
to set a marginal tax rate equal to 1 and give the same net income z* to all
agents. At the same time, the government is concerned about efficiency and
therefore optimally sets the respective wage rates at the efficient levels wj and
wyy by offering contracts A* to the high-skilled individuals and B* to the low
skilled individuals. However, since the government does not know the ability
types, the agents have to self-select the bundle. Having the choice between
bundles A* and B*, the high-skilled agents prefer the contract B* designed
for the low-skilled since it gives the same net income for a lower gross income.
This first-best contract is therefore not incentive compatible. Now consider the

6 Appendix B shows that this condition is always satisfied given our assumption on k.
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contracts ASB and BSB. Both contracts give the same Nash product to the
high-skilled agents, such that they are indifferent between these two contracts.
The low-skilled still prefer the contract designed for them, in this case B°P
to the contract designed for the high-skilled. This contract is thus incentive
compatible. Comparing this contract to the first-best contract, there are two
major changes. First, the high-skilled agents get an informational rent (z g —z*).
This has an equity cost for the government because it implies that the high-
skilled get higher net incomes than the low-skilled. And second, the wage rate
of the low-skilled is distorted downwards from its efficient level. Net output
is therefore reduced. The distortion goes downwards, since this reduces the
rent that has to be given to the high-skilled agent. An upward distortion of the
wage level would even increase the rent of the high-skilled agent. This distortion
represents the efficiency cost induced by the incentive problem. Since the wage
rate is lower than the optimal level, employment of the low-skilled becomes
distorted upwards by equation (4). The reduction in the wage level can be
achieved through a high marginal tax rate for the low-skilled by equation (2).

Now consider the impact of union power on this efficiency-equity trade-off.
If unions are strong, the wage rate in the laissez-faire economy is above its ef-
ficient level given by equation (5). An increase in the marginal tax rate of the
low-skilled then not only increases the tax that has to be paid by high-skilled in-
dividuals and therefore equity, but it also increases efficiency as long as the wage
is above its efficient level. The efficiency-equity trade-off does therefore not exist
for high union power as long as the marginal tax rate is not too high. On the
contrary, if union power is low, efficiency and equity considerations go in oppo-
site directions. The wage rate in the laissez-faire economy is below its efficient
level. Consider first the case where the laissez-faire wage level is between the
efficient level w} and the incentive-compatible level wy. The government then
has to decrease the wage rate of the low-skilled to make the taxation scheme
incentive compatible. This decrease has however an unambiguous efficiency
cost, since it moves the wage rate further away from its efficient level. Consider
then the second case, in which the laissez-faire wage rate is even below the
incentive-compatible level wy. The government then tries to increase efficiency
by increasing the wage rate. To do this, it imposes a negative marginal tax rate.
This however decreases the equity of the taxation scheme since it lowers the tax
that has to be paid by the high-skilled individuals.

2.4.2 The government’s objective and budget constraint

We assume that the government cares only about the distribution of expected
utilities. This leaves out the concern about unemployment insurance. In a
more realistic dynamic setting, workers would move between unemployment
and employment. Capital markets and public insurance could then be used to
redistribute among these individuals. Since our setting is static, we consider
our model as too poor to deal with these issues. However, we expect that
concentrating on expected utilities comes closer to this dynamic idea than dif-
ferentiating between unemployed and employed individuals. The government

11



therefore only compensates for differences in productivities in our framework
and not for differences in labour status. We assume the following objective to
the government:

a

Q:F(ad)<I>(b+d)+/ B [La (wa — T (wa)) + (1— La) ] f () da

aq

where @ is an increasing and strictly concave function of its argument. Using
the definition of the maximised Nash product (1), one can rewrite this objective

as
a - YTF
Q:F(ad)é(b+d)+/ ¢lNa<aﬁw“> +b

aq a

f(a)da

The budget constraint can be written as
/ T(wa)Laf(a)da:[F(ad)+/ (l—La)f(a)da}b+E
a4 aq

where E denotes some exogenous public expenditures. This constraint is equiv-
alent to the resource constraint

[ vif@aa= [ n, (“‘“’“)"ﬂf(a)daww

aq aq Ka

where the left-hand side denotes production and the right-hand side the distri-
bution of the resources.
The government faces therefore the following optimisation problem:

o Cw N\
max bF(ad)<I>(b+d)+/ @lNa <anwa> +b| f(a)da (8)
ad,Wa;iNVa, ag a

a

s.t.: 1Yaf(a)da:/alNa<a_wa>;_3f(a)da+b-l—E

aq aq Ka

1-8, 1 fia

N, =1 _Fayy,
“ ] (a—wa na) “
14
ag—Wq el
Nad( Ka d) =d . aqg > ag
: -3 if ag=a
Moo ()T Tz T
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3 Properties of the second-best optimum

From the first-order conditions, we get the following expression for the efficiency-
equity trade-off (see appendix C.1):

Apef@ = -e (5-1) (9)
N (a;a“’“> T
5 oo () s

i_1
where A denotes the shadow cost of public funds and ®!, equals &’ [Na (a;z"“ ) T b]

for a > ag and ¥’ (b +d) for a < agq. P! is therefore weakly decreasing in a.

Consider the optimisation problem for agents of type a. The Nash product
N, for this type is fixed by the Nash product of types a’ < a and the first-order
incentive compatibility constraint (7).

An increase in the wage rate w, implies that less firms enter the market,
which has two consequences. First, it decreases employment and therefore gross
output. But it also decreases the resources used for investments in capital to
build workstations. The effect on output net of investment costs is therefore
ambiguous. If w, < w} (resp. >), the total effect is positive (resp. negative).
This efficiency effect is represented by the term on the left-hand side of (9).

Consider next the first term on the right-hand side. In our model, the
expected surplus that the government focuses on does not coincide with the
Nash product that the firms and the union maximise. The relation between the
two is given in equation (6). For a given maximised Nash product N,, a change
in the wage w, has therefore also an impact on the expected surplus. If § > 7,
an increase in the wage rate decreases the expected surplus given to agents
of type a. The intuition is depicted in figure 3. Agents prefer bundles that
give high net income and low gross income (and therefore high employment).
Since the bargaining power of the union is high, the Nash product puts much
importance on net income compared to gross income. This implies that the iso-
Nash curves are relatively flat. Especially, the iso-Nash curve is flatter than the
corresponding iso-expected-surplus curve. When the employment level decreases
by an increase in gross wages from w; to ws, the net income has to rise by a
small amount only, from z; to x5 to give the same Nash product as before to
this firm-worker match. However, in terms of expected surplus, this relatively
small increase in net income does not compensate for the employment loss due
to the relatively strong increase in gross wages. The expected surplus therefore
decreases. This decrease is valued at the marginal social utility of type a,
namely ®!. Since the government has less resources to give to agents of type a,
more resources can be affected to redistribution toward other individuals. This

13
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Figure 3: The relation between the expected surplus (S) and the Nash
product (N) for the case g >~

increase in budgetary funds is valued at the marginal cost of public funds A. An
increase in the wage rate is therefore desirable if type a is a high-skilled type
that gets a higher expected surplus than the low-skilled type because of the
first-order incentive constraint. Taking resources away from this high-skilled
type is socially valuable because it allows to redistribute more towards other
individuals. The contrary is true if type a is a low-skilled type towards whom
the government wants to redistribute. Taking away resources from him by
increasing his wage is socially not desirable.

The inverse reasoning applies when v > 3. Then, for a given maximised Nash
product IV,, an increase in the wage rate increases the expected surplus given to
agents of type a. In terms of figure 3, the iso-Nash curve is now steeper than the
iso-expected-surplus curve. The increase in expected surplus is desirable if type
a is a low-skilled agent to whom the government wants to redistribute resources.
It is however not desirable for high-skilled agents from whom the government
wants to take resources away to redistribute them to other individuals.

Finally, the second term on the right-hand side represents the impact on in-
formational rents of a higher gross wage for type-a workers. When firm-worker
matches endowed with productivity a earn higher gross wages (while keeping the
Nash product N, fixed), more productive firm-worker matches find it more at-
tractive to mimic them. To prevent this, the maximised Nash product accruing
to more productive matches has to grow. The term in front of the integral mea-
sures the rate at which the growth rate of the worker’s maximised Nash product
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has to increase to prevent slightly more productive matches from mimicking the
type a match. Neglecting second-order effects, the incentive compatibility con-
straints will remain satisfied above a if all matches with a productivity higher
than a benefit from an equivalent relative increase in their Nash product. The
integral corresponds to the shadow cost of a relative increase in the Nash prod-

uct of more productive workers. For any type-t above a, this marginal relative
1

increase leads to an absolute rise in the expected surplus equal to Ny (t;’t”t ) T

times the relative increase in the Nash product. This additional expected sur-
plus generates an increase in the social welfare measured by ®}, but implies a
budgetary cost equal to A.

Proposition 1 If § > v (resp. 8 < ), employment is below (resp. above) its
efficient level at the top of the productivity distribution.

Proof. See appendix C.2. m

At the top of the distribution, a change in the wage rate has no impact on
the informational rents. Since there is too much importance of the wage rate in
the wage negotiations between the firm and the union if 5 > +, increasing the
wage rate above its efficient level decreases the expected utility of the workers
with ability a;. At a given Nash product, this implies that less resources have
to be given to individuals with the highest productivity. These resources have a
budgetary value of A\ which is higher than the marginal utility ®/ . It is therefore
optimal to decrease employment below its efficient level. The inverse reasoning
applies for 8 < 7.

This proposition is in strong contrast to the usual optimal income tax litera-
ture (and even more generally in contract theory) where one gets a no-distortion-
at-the-top result. This difference comes from the fact that the government is
interested in redistribution of expected surplus, which is not what the agents
maximise. In the traditional literature, the individual maximises utility, and the
government wants to redistribute to equalize utilities among agents as much as
possible. There is therefore no difference between what the agents maximise and
what the government wants to redistribute. The same reasoning also applies to
our model in the case when 8 = . In fact, if § = 7, the maximised Nash
product equals expected utility, and one gets the usual no-distortion-at-the-top
result (see also Hungerbiihler et al., 2003).

Proposition 2 If § > v, employment is above its efficient level for all individ-
wals whose marginal social utility is above the marginal cost of public funds.

Proof. See appendix C.3. m

An increase in the wage rate increases the distributional cost since all the
workers with higher ability than a get more informational rents. In terms of
equation (9), this implies that the second term on the right-hand side is positive.
Moreover, since there is too much importance of the wage rate in the wage
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negotiations between the firm and the union if 8 > ~, increasing the wage rate
above its efficient level decreases the expected utility of the workers with ability
a. At a given Nash product, this implies that less resources have to be given
to individuals with productivity a. These resources have a budgetary value of
A which is lower for these individuals than the marginal utility ®/,. In terms of
equation (9) this is equivalent to saying that the first term on the right-hand
side is positive when 8 >« and ®!, > A. It is therefore optimal to incur some
efficiency cost and to increase employment above its efficient level for skill levels
with ®/ > A

We cannot derive analytical results for employment levels of agents with
®! < A. We however know from proposition 1 that employment is below its
efficient level at the top of the ability distribution. Proposition 2 tells us that
employment is above its efficient level at the bottom part of the ability dis-
tribution. For the special case where vacancy costs k, are assumed linear in
productivity a, the efficient levels of employment given by (5) are independent
of a, and we intuitively expect in the case of linear vacancy costs to have em-
ployment levels that are decreasing with agent’s productivity.

Proposition 3 If v > [, employment is above its efficient level for all individ-
wals whose marginal social utility is below the marginal cost of public funds.

Proof. See appendix C.3. m

An increase in the wage rate increases the distributional cost since all the
workers with higher ability than a get more informational rents. In terms of
equation (9), this implies that the second term on the right-hand side is posi-
tive. Moreover, since there is too low importance of the wage rate in the wage
negotiations between the firm and the union if 8 > =, increasing the wage rate
above its efficient level increases the expected utility of the workers with ability
a. At a given Nash product, this implies that more resources have to be given
to individuals with productivity a. These resources have a budgetary cost of
A which is higher for these individuals than the marginal utility ®/,. In terms
of equation (9) this is equivalent to say that the first term on the right-hand
side is positive when 8 < v and ®!, < A. It is therefore optimal to incur some
efficiency cost and to increase employment above its efficient level for skill levels
with @/ < A

We do not find analytical results for employment levels of agents with ®/ >
A. On the one hand, the second term on the right-hand side of equation (9) is
still positive, but the first term becomes negative.

Proposition 4 In-work benefits (if any) are lower than assistance benefits.

Proof. See appendix C.4. m
Individuals of type aq are indifferent between participating in the labour

market or not. From the social point of view, their participation however in-
duces a cost, since it allows agents with a productivity above a4 to mimic them.
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As a consequence, the government has to give informational rents to these in-
dividuals. Participation is therefore only optimal, if the government can save
some resources by giving them lower in-work benefits than assistance benefits.

4 Simulations

4.1 Calibration

The individuals’ abilities are distributed on the support [ap = 1000 ,a; =
10 000]. This might be a rather realistic approximation of workers’ produc-
tivities per month, measured in Euros. We use a truncated log-normal density
function of the form:

@)= exp (EOIEL i 4= e

where K is the appropriate scale parameter. This form is typical in the literature
(Mirrlees, 1971; Tuomala, 1990; Boadway et al., 2000). The parameters of the
distribution function are chosen equal to . = 0.5 and £ = 0.7.

The elasticity of the matching function -y is set at 0.5. This corresponds to
the average estimates in empirical models (see Petrongolo and Pissarides, 2001).
Furthermore, we assume that vacancy costs are proportional to productivity.
This assumption is usual in equilibrium search models (see Pissarides, 2000),
even though empirical support is missing. The vacancy cost k, and the scale
parameter A are adjusted to get an efficient employment level of 0.65 for all
types. In the benchmark case, we assume that the value of leisure is set at the
income that the lowest-skilled worker would get in the laissez-faire economy
when 3 = v = 0.5. This value is equal to 327. The government’s expenditures
E are set equal to 0. Finally, the government’s utility function is assumed
to be a CES function of the expected surplus. We have, ® () = InQ. This
corresponds to the basic parameterisation in Saez (2002). For the union power,
we choose levels of 0.4, 0.5 and 0.6 for 8 to check its impact on the optimal tax
schedules. On the following graphs, we use the dotted line for § = 0.4, the solid
line for # = 0.5 and the dot-dashed line for # = 0.6. This also implies that with
[ = 0.5, the Hosios condition is satisfied and we are back in the framework of
the previous Hungerbiihler et al. (2003).

4.2 Simulation results

Figure 4 shows the employment levels as a function of the individuals’ abilities.
The efficient employment level is given by the horizontal dashed line. Employ-
ment is distorted upwards above its efficient level for most types as we expected
it from the incentive constraints. Even the region at the top of the distribu-
tion where proposition 1 predicts employment below its efficient level for high
union power, is small and the downward distortions are relatively small at the
second-best equilibrium. Employment is higher when union power is low. This
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Figure 4: Employment levels as a function of ability. Dotted line for

B = 0.4, solid line for 8 = 0.5, dot-dashed line for § = 0.6 and dashed line for
efficient employment levels.

is intuitive, since low union power implies that the wage rate in the laissez-faire
economy is too low and employment therefore too high at the second-best equi-
librium. Employment is much closer to its efficient level when union power is
high, implying that the efficiency costs are smaller when unions are strong. In
fact, figure 2 shows that the incentive constraint pushes wages downwards below
their efficient level. An increase in union power 3, diminishes this effect. For
all levels of union power, employment is a strictly decreasing function of ability.
This is first due to our assumption that vacancy costs are linear in ability. If
we assumed vacancy costs that are concave in abilities, i.e. :—Z < 1, the efficient
employment level would be increasing in ability (whereas it is constant for linear
vacancy costs). The second reason for higher distortions at the bottom of the
productivity distribution comes from the fact that distortions are less costly for
individuals with low productivities who anyway do not contribute much to net
production.

Figures 5 and 6 show the optimal tax schedule and the optimal marginal
tax rates. Marginal tax rates are increasing when the bargaining power of the
union is above its efficient level, almost linear if it equals the efficient level and
decreasing if union power is lower than the efficient bargaining power.

Marginal tax rates are higher when unions are strong, except at the bottom
of the ability distribution. This confirms our intuition that the equity-efficiency
trade-off is more severe if union power is low. If unions are strong, setting
a positive marginal tax rate increases both efficiency and equity, whereas it
decreases efficiency when unions are weak.

However, at the bottom of the distribution, marginal tax rates seem to be
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Figure 6: Optimal marginal tax rates. Dotted line for 8 = 0.4,solid line for
= 0.5 and dot-dashed line for g = 0.6.
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Table 1: Numerical results for different union power

B L2 YP @ 1(Q)°¢ b  Participation
04 0.691 1529 1506 724 90.2%
0.5 0.677 1590 1578 863 95.5%
0.6 0.664 1611 1606 985 98.1%

4 Employment as a fraction of total population
b Net output
¢ Certainty-equivalent of welfare

almost independent of union power. This is mainly due to two reasons. First,
efficiency distortions at the bottom of the ability distribution are not very costly
since these individuals do not contribute much to net output. The implications
on equity are however strongest at the bottom of the distribution. Therefore,
even for low union power, the government sets high marginal tax rates. Second,
a negative tax decreases the wage levels through the bargaining process. Taxes
at the bottom are however lower (i.e. more negative) when the union is strong.
This gives a downward distortion on wages, and a higher marginal tax rate
would distort this even more. Since taxes are lower when unions are strong, this
mechanism is more important when union power is high and the government
avoids to set too high marginal tax rates when unions are strong.

Finally, table 1 shows some aggregate values for the economy.

Participation at the second-best equilibrium is increasing with union power.
As the optimal tax schemes in figure 5 show, in-work benefits are higher when
unions are strong. The optimal tax schedule subisdises low-skilled jobs therefore
more when union power is high. This also increases the incentives of the low-
skilled individuals to participate in the labour market. Put in another way, high
union power implies higher redistribution and therefore a lower informational
rent given to high-skilled individuals. When agents of type aq then enter the
market, this implies a lower equity cost. The participation effect however does
not dominate the upward distortions for employment shown in figure 4, such
that total employment at the second-best equilibrium in the economy is slightly
decreasing in union power.

Next, net output at the second-best equilibrium is increasing in union power.
This confirms our intuition, that the efficiency-equity trade-off is more severe
when unions are weak. High marginal tax rates create high inefficiencies when
unions are weak, whereas they restore efficiency up to a certain degree when
unions are strong. This is in line with figure 4, where it is shown that em-
ployment distortions are higher when unions are weak. Moreover, the increased
participation for high union power has a positive impact on net output.

Social welfare (measured by its certainty equivalent ®~1(f2)) at the second-
best equilibrium is increasing in union power. This is due to the fact that both
net output and redistribution increase with union power.

The welfare benefit b is increasing in union power. Since net output is
increasing in union power, there are more resources available for redistribution.

Finally, one can ask who profits from strong unions. Figure 7 shows the
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Figure 7: Expected utilities as a function of ability. Dotted line for
B = 0.4, solid line for 8 = 0.5 and dot-dashed line for g = 0.6.

expected utilities as a function of ability. Since the tax system is more redis-
tributive when unions are strong, it is intuitive that high-skilled individuals
loose when unions become stronger, whereas low-skilled win. Our simulations
show a majority support for high union power.

5 Conclusion

Unions are often blamed for setting wages too high and therefore creating ineffi-
ciencies. This is also true in our model. However, when an imperfectly informed
government is concerned with redistribution, it faces an adverse selection prob-
lem. Dealing with that problem creates other inefficiencies. If unions are strong,
these inefficiencies partly outweigh each other. By setting high marginal tax
rates, the government increases redistribution and therefore equity but also de-
creases wages. It is then useful that unions set wages too high in a laissez-faire
economy. In other words, unions create ”good” inefficiencies in our model. This
mechanism does not work if unions are weak. Redistribution then necessarily
increases the already existent inefficiencies. Our model can thus explain the
correlation between union power and marginal tax rates.

Our normative analysis might however not be the only way to explain this
correlation. If we assume that low-skilled individuals are more likely to join
unions than the high-skilled, political economy can give another explanation.
In fact, if the income distribution is more concentrated on the bottom of the
ability distribution, more individuals join unions and this makes unions more
powerful. On the other hand, the concentration of individuals at the bottom
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of the income distribution implies that the median income is low, and a usual
Meltzer and Richard (1981) argument can be used to explain why redistribution
is high.

The main conclusion of this paper is that labour market frictions and labour
market institutions matter when one designs the optimal taxation of labour in-
comes. Since for most individuals, labour income is the main income in their
household, a theory of optimal income taxation should not neglect labour mar-
ket theories. It would however be premature to conclude that the tax schedules
depicted by our simulations should be implemented in policy. Too many ques-
tions are still open. Especially, even if the Nash bargaining solution is often used
for wage negotiations, there is no general agreement among labour economists
about how wages are set in the economy. Labour market institutions may also
affect the wage setting mechanism. These issues are left for further research.

Appendix A Alternative timing and monopoly
unions

In this model, we assume that the wage is set by monopoly unions before the
entry of firms to the market. It has become common to assume that the union’s
objective function about employment and wages are represented by a Stone-
Geary functional form

G (Laywa) = [wa — T(wa) — b]° [La]

where a € [0.5,1) denotes the union’s preferences for wages. There are two
polar cases. If @ = 0.5, the union is maximising the total rent of all individuals
of type a that participate in the labour market. If @ = 1, the union only cares
about wages and not about the employment level. This second polar case is
however not realistic in our environment of a monopoly union, since this would
lead unions to increase wages to infinity.

Since employment is determined by the matching function and the entry of
firms, employment is given as before by the equation

The problem of the union can then be rewritten as

1—yq l—a
1 {fa—w v
A =
Ka

This is a monotonous transformation of the optimisation problem in the
benchmark model and it therefore leads to the same first-order conditions.

max [w, — T'(w,) — b]*

Wa
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Appendix B The second-order IC constraint

1_
We made the assumption that x, evolves such that the expected surplus N, (%) K

is increasing in a. Then, if a given type a participates in the labour market, all
individuals with productivity a’ > a participate as well. That especially implies
that all types a > a4 participate.

We show by contradiction that bunching is not possible in our framework.

Assume that for participating individuals on the interval I C [agq, a;] there is
bunching and one has w, = 0, that is, the second order incentive compatibility
constraint is binding.

Differentiating the wage equation (2), one gets

1—T" (w,)
L1 =T (wa)] + T" (wa) (a — wy)

Wo =

where T" (w,) denotes the second derivative of the tax function with respect to
the wage w,. Therefore, w, = 0 if and only if 7" (w,) = 1. However, putting a
marginal tax rate of 1 back into the wage equation (2) gives

we =T (wg) +b

Introducing this result into the Nash product (1) gives N = 0, and therefore
1 1

5

the expected surplus N, (a’:i) ? equals 0. However, type a only partici-

pates if his expected surplus is higher than the value of leisure d > 0. Therefore,
the types on the bunching interval I do not participate in the labour market,
which contradicts our assumption that I C [ag4,a1].

Appendix C Proofs and formulas

C.1 First-order conditions of the optimisation problem

We solve problem (8) in two steps. First we solve it for given b and a4. Second we
choose the optimal values of b and a4. Given b and ag4, we define the Hamiltonian

as:
H, = @ lNa (“‘“’“)”ﬂ +b] f (@)

Ka
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where ) is the Lagrange multiplier of the budget constraint and g is the co-state
variable. The necessary conditions are:

Y, 1-0 1
0 = A a)+ ¢oNy————= w
bu, ! Wt N Ty (1)
1 1
1 1 1 a—w,\7 F
( ) v B)a—w, Ka
The co-state variable evolves according to
1 1 .
. a—wg\7 F N,
cda= - () T @ by ()

and the transversality conditions are:

11
_ N B
N, (a wad) _d] =0 Qa, =0

qad

Kayg

As usual, g, is the shadow cost in terms of the social welfare of a marginal
increase of N,. Let Z, = q,N,. The condition over N, implies:

=@ - () @

a

So, together with the transversality condition:

al a —_— wa %7%
zo= [Tai-nn () s (11)
a Ka
Since Z, - dji,v" = q, - dN,, Z, stands for the shadow cost of a relative marginal

a

increase of N,.
The first order condition with respect to w, can be written as

1 1
oY, 1 1 1 a—wg\" P
= A=-®)=>-= N, &

fef@ = 0o (3-1) o ()
1-3 1

B (a—wy)?
which, together with the expression for Z, gives (9). Furthermore, from the
definition of Y,, we get

A

—Z,

-

Y, :A%'ya—wa(

Ow, v a—wa)" " ko (12)

Furthermore, the conditions with respect to b and ag4 write

[ @ -Ns@da=o0 (13)

ao

(b+d) f(ag) —Hy, <0 with = if ag > aq (14)
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C.2 Proof of proposition 1

The transversality condition g,, = 0 implies that equation (9) can be simplified
to

A%f(@:@—@;)(l—l) ! Na(“‘“’“)iéf(a) (15)

Ow, B Y/ Q@ — Wq

—1
B

1
— v . . .
e — is increasing

From our assumption that k, evolves such that N,
in a, we obtain that ®/ is decreasing in a. Equation (13) implies that there exists
a unique a such that ®, = A. For a1 > a, we get A — @, > 0. The right-ha,nd
side of (15) is therefore positive if v > 3. Therefore, gyﬂ > 0 and from (12) w

have overemployment at a;. If 8 > 7, the right-hand side of (15) is negatlve
which implies 7 ay" < 0 and employment is below its efficient level at a; by (12).

C.3 Proof of propositions 2 and 3
_ 1
From our assumption that x, evolves such that N, (a:#) ? is increas-

2=

ing in a, we obtain that ®/ is decreasing in a. Equation (13) implies that
there exists a unique a such that ®, = A. For t < a, we get ®; — XA > 0

1

1_ 1 1
and Nt(“ ““) ’ <Na(“;#)7 and for t > a, we get ®, — X\ < 0

=

1_1
and N; (‘1 “’*)7 >N, (“ ;”“) . Therefore, for any ¢t # a, we have

2=
=

1 1

11
(® — N NV (a “")7 (P - NN, (%) 7 Using this inequality and
equations (13) and (11), we obtain

Zo = /aal (& — \) N, <a_wt> o F(t)dt

Kt

<N, <a —Aw&>~ (1—F(a) {Es [S)]t > a] — A}

< N, <a —wa> ) (1—F(a){Es[Si]t > a] —Ef[Si|t > aol}

by equation (13). Therefore, Z, is negative for all a < a; because S} is de-
creasing with respect to the ability. This implies that the second term on the
right-hand side of (9) is positive.
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If 5 > v and a < a such that ®/ — X > 0, the first term on the right-hand side
of (9) is positive and we get % > 0 from (9) which implies overemployment
for all ag < a < a by (12).

If 5 < v and a > a such that ®; —\ < 0, the first term on the right-hand side
of (9) is positive and we get % > 0 from (9) which implies overemployment
for all @ < a < ay by (12).

C.4 Proof of proposition 4
The first-order condition on a4 (14) can be written

1-8, 1 Fra,

ﬂ aq — wad K’ad

1 1
_ B
N, (—ad w‘“) +b

Kag

0 > (I)(b'l'd)f(ad)_qad

+

aq — Wq TTF
AV (1) = AN, (210 ] £ (aa)

d

Since Z, is always negative for a < a;, the transversality condition on a4 implies
1 1

that N, (ad;—wa‘i) " 7 =d. The previous equation then simplifies to
aq

1_1 -
ad—wad>7 B N, 1

1
> —Zg, == >0
N adNad)‘f(ad)

Yad (wad) - Nad <

Kayg

=

= Lacl (wad - Tad - b), this equa-

1_
ad—wad)w

Since Y,, = Lo, ,w,, and N, ( -
ad

tion implies Tq, + b > 0.
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