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1 Introduction

Many European countries suffer from structural labour-market problems,
such as high unemployment and low participation. To tackle these prob-
lems, various tax proposals have been put forward, including cuts in payroll
taxes on employers, earned income tax credits and negative income taxes
(see Snower and De la Dehesa (1996), Haveman (1996), Sgrensen (1997),
Bovenberg et al. (2000)). These proposals aim to reduce unemployment and
stimulate participation, without seriously damaging the incomes of transfer
recipients or cutting government spending. However, these measures typi-
cally make the tax system more progressive. This is the case if the lower
average tax burden on low-paid work is financed by a higher marginal tax
burden on higher incomes. Or, as in the case of an EITC, if a tax reduc-
tion at low incomes is phased out to reduce the budgetary costs of the tax
reduction and to get back to the original tax schedule at high incomes. Ac-
cordingly, the government typically faces a trade-off between the positive
effects of the lower average tax per job on participation and the potential
adverse incentive effects of higher marginal taxes.

This paper illustrates this trade-off in a model of search on the labor
market with training. On the one hand, our model is a special case of the
framework developed by Pissarides (1990) and Mortensen and Pissarides
(1999). In particular, we use a static (or one shot) version of their models,
where agents incur search costs to find a vacancy and firms post vacancies
at a fixed cost. After being matched, a worker and a firm Nash bargain
about the wage. It is well-known that in this type of models taxes influ-
ence the division of the surplus between worker and firm (see for instance
Mortensen and Pissarides (1998) and Pissarides (1999)). Hence, taxes influ-
ence search intensity, the number of vacancies and unemployment. On the
other hand, we extend the Mortensen-Pissarides framework by introducing
training decisions. As stressed by the training literature, high marginal tax
rates typically reduce the incentive to acquire skills (see e.g. Trostel (1993),
Dupor et al. (1996), Sgrensen and Nielsen (1997), Bovenberg and van Ewijk
(1997), Heckman et al. (1999)). With our model, we aim to illustrate the
trade-off between the possible beneficial effect of an EITC on unemployment
and the possible detrimental effect on training.

The advantage of focusing on a static version of a search and match-
ing model is that we are able to derive analytical solutions for the optimal
taxes. Pissarides (1999) and Mortensen and Pissarides (1998) evaluate the
effects of tax reform in dynamic search models numerically using simulation
techniques. In particular, Pissarides (1999) considers the effects of wage tax



reform on unemployment and wages in four different models. In the case of
constant real unemployment benefits, he finds that a higher marginal tax
rate reduces unemployment. This is comparable to the results we find below
by assuming that training costs are completely tax deductible. If training
costs are only partly tax deductible, however, increasing the marginal tax
rate will reduce labour market tightness and employment. Mortensen and
Pissarides (1998) consider a far broader array of taxes and subsidies, includ-
ing hiring subsidies and firing taxes. However, they do not derive analytical
results on the optimal use of these instruments.

In our model, the tax system serves a threefold task. First, it should
correct for distortions in training. Subsidies on the costs of training are
able to alleviate these distortions. Second, taxes need to restore inefficien-
cies associated with the mismatch between the marginal productivity of
search (vacancies) in the matching process, and the corresponding bargain-
ing power of the worker (firm) in wage negotiations, which determine the
private marginal benefit from job matching.! We show that a combination
of a specific tax per job (i.e. a tax that is independent of how the value of a
job match is distributed across the worker and the firm) and an ad-valorem
marginal wage tax (which depends on the share of the surplus that flows
to the household) can always be used to restore the Hosios condition by
redistributing the surplus from a match between the worker and the firm.
Finally, the tax system aims to raise public revenue with least cost to the
private sector. We find that, if labour-market tightness and training are not
distorted initially, the marginal wage tax is always less distortionary than
the specific tax per job as an instrument to raise public revenue. The rea-
son is that, although both taxes distort search through adversely affecting
the expected surplus for the worker, the specific tax distorts labour-market
tightness as well. We relate this result to the Diamond and Mirrlees (1971)
intuition of production efficiency. The result has important implications for
the welfare effects of an EITC. Indeed, if the government would adopt a spe-
cific tax per job initially to finance its spending (in addition to using them
to correct for labour-market tightness), a small reduction in the specific tax
per job financed by a higher marginal wage tax — which might be interpreted
as an EITC — is welfare improving.

This result may change if training is taxed on a net basis, e.g. because
the government does not have access to training subsidies or because the
costs of training are not fully tax deductible. One might guess that adding

!Equality between the marginal productivity and marginal private benefits of search
and vacancies is known as the Hosios condition.



training distortions to the model would always call for a lower marginal tax
rate. However, we find that the opposite may be true as well. In particular,
initial training distortions introduce two additional effects of tax reforms
on welfare. On the one hand, higher marginal taxes exacerbate the initial
training distortion by further reducing training effort. On the other hand,
a higher marginal tax reduces the surplus for the firm because the net tax
burden on training reduces the value of a match. This distorts the ratio
of vacancies to search if labour-market tightness is sub-optimal initially.
Whereas the first effect raises the distortionary impact of marginal wage
taxes, the second effect can work in both directions, depending on whether
labor-market tightness is too high or too low. Accordingly, training distor-
tions can make the introduction of an EITC either more or less attractive.
This result originates in the second-best character of the model. In particu-
lar, marginal taxes not only exacerbate initial training distortions, but may
also alleviate distortions associated with labour-market tightness.

The paper explores two alternative assumptions regarding training. First,
bargaining parties may commit to the wage profile before training takes
place. In that case, workers and firms share the costs and benefits of train-
ing. In a second model, wage bargaining occurs after the training. In this
latter framework, workers bear the entire cost of training, while the benefits
are shared across the worker and the firm.? It turns out that the wage pro-
file is flatter in the no-commitment case than in the commitment case. This
causes two additional distortions in the no-commitment case. First, training
is too low since the social benefits of training exceed the private benefits for
the worker. This distortion can be alleviated by setting training subsidies
above the marginal wage tax. Second, since training costs do not reduce the
surplus from a match to the firm, they distort labour-market tightness. This
calls for a higher specific tax and a lower ad-valorem wage tax, compared to
the commitment case.

Our comparison of the commitment and no commitment cases is related
to the analysis of Acemoglu and Shimer (1999). They present a model in
which firms can increase the value of a match by investing in capital before
being matched with a worker. They show that, with (Nash) bargaining over
wages after the match, the private outcome is never efficient. In particular,
even if bargaining gives firms the right incentives to post vacancies, there is
underinvestment in capital. Also, if firms’ incentives lead to efficient capital

2The inefficiency associated with the gap between the marginal private cost and benefits
of training would disappear if the cost of training are shared across the worker and the
firm in the same way as the benefits are distributed.



stocks, there is overinvestment in vacancies. Acemoglu and Shimer show
that if firms can commit to a wage before being matched and they post this
wage to workers searching for a job, then the private outcome can be efficient.
In our model, it is the worker who can increase the value of the match
by investing in training. Although the training decision is taken after the
worker and firm are matched, it is taken before wages are (re)negotiated. If
the firm and worker can commit to a (Nash bargained) wage schedule before
the training decision is taken, the worker chooses the efficient training effort.
However, if the parties cannot commit and (re)negotiate after the training
decision, it is not possible that both the training and firms’ vacancy decisions
are efficient. This is similar to the Acemoglu and Shimer result. Whereas
they consider different ways of market organization to solve the problem, we
focus on the use of tax instruments to restore an efficient outcome.

The model with commitment may be more relevant for European labour
markets while the labour market in the US may be characterized by less
commitment. Indeed, a higher degree of corporatism in European labour
markets precludes that individuals renege on ex-ante agreed wage outcomes.
This commitment in EU labour markets encourages investment in firm-
specific training (Teulings and Hartog, 1998). Our analysis reveals that
tax reforms which reduce the specific tax per job and raise the marginal
ad-valorem wage tax — which corresponds to an EITC or a negative income
tax — tend to be more attractive in Europe than in the US.

The rest of this paper is organized as follows. The next section elaborates
on the search model with training. In that model, bargaining parties commit
to the wage profile before the training decision is made. Section 2 also
illustrates how taxes in the private outcome may restore the social optimum
and explores a reform from a specific tax per job to an ad-valorem marginal
wage tax if the government has a positive revenue requirement. Section
3 presents how the model changes if there is no commitment with respect
to the wage profile and reveals how the tax system can restore the social
optimum in this case. Section 4 concludes. The appendix contains the proofs
of all results in the paper.

2 Model with commitment

This section develops a model of search on the labour market. The model de-
scribes the matching process between vacancies posted by firms, and workers
that search for a job. A job match yields a surplus that is divided across the
worker and the firm through a bargaining process. Workers can also engage



in training in order to raise their skill level and thus to receive a higher wage.
Firms may influence the training decision by changing the wage profile.

In contrast to most search models, our framework is of a one-shot nature.
This is a considerable simplification of the dynamic models in Mortensen and
Pissarides (1999). However, the static model captures a number of features
of the dynamic models. Most notably, it captures the Hosios condition dis-
cussed below. The simplification allows us to introduce a training decision
in the model and still derive analytical solutions for the optimal tax rates.
This focuses the analysis on the three distortions in the model: the hold
up problem in search and vacancy creation, the distortion in training and
the positive revenue requirement of the government. Moreover, the results
can be interpreted in the light of the Diamond and Mirrlees (1971) produc-
tion efficiency result, which appears to be new in the search and matching
literature.

In the model, sequencing in the decision process is important. In partic-
ular, the commitment model has the following timing structure.

time ¢ |
| agents firms
0 | search intensity s; vacancies v
1| matches m(v, s)
2 | bargaining V.
3 | wage profile (wg,w1)
4 | training effort o
5 | output (yo,y1)

At t = 0, firms decide whether or not to open up a vacancy at a fixed
cost k. At the same time, workers choose their search intensity s; at cost
v(si), where v(0) = 0,+(0) = 0,7"(s;) > 0 and lim1 v (s;) = +00. The set

85—

of workers is modelled as the unit interval, hence i € [0, 1].

At t = 1, firms and workers are matched, where the total number of
matches equals m(v,s) with s = fol s;dit. The matchingsfunction is ho-
mogenous of degree one in v and s and is increasing and concave in each
(separate) argument. We denote the matching elasticity of search by n and
the elasticity of vacancies by 1 — 7. As argued by, among others, Blanchard
and Diamond (1989) and Broersma and Van Ours (1999), a Cobb-Douglas
matchingsfunction is a reasonable approximation in reality, i.e.



m(v,s) = mov'~"s"

We assume that the matchingsfunction is of this form and hence n is a
constant. Firms and workers that are not matched have value 0.

At t = 2, firms and workers bargain about the value of being employed
for a worker V5.

At t = 3, the firm determines the wage profile (wg,w;) where wyq is the
net (of taxes) wage for an untrained worker and w; the net wage of a trained
worker. The profile has to satisfy the property that the expected value of
being employed equals (at least) the bargained value V.

At t = 4, the worker chooses his training effort ¢ at a cost co. A training
effort o brings the worker in the trained state with probability p(c) and
leaves the worker in the untrained state with probability 1 — p(co), where
p'(6) > 0 and p”(0) < 0. This training technology assumption simplifies
the analysis in two dimensions. First, it captures a dynamic decision in a
static framework. The literature on training generally models the incentive
to train as the gain in future wage income compared to the current disutility
of training, often modelled as the income forgone due to the time spend on
training (see e.g. Heckman et al. (1999) and the references therein). Our
formalization captures these incentives, although in a somewhat different
manner. In particular, our static framework does not include the time lag
between the moment of training and the appearance of the benefits in the
form of higher wages.> Furthermore, the disutility of training is captured
by effort costs, rather than time. The crucial element in the training lit-
erature, however, is not whether training cost refer to time, but rather the
degree of tax deductibility of training costs (Trostel, 1993). We capture tax
deductibility in our analysis by means of a training subsidy.* Second, our
training technology has only two states, trained and untrained, while the
training decision ¢ is a continuous variable. Alternatively, one could have
modelled training as a deterministic process where a worker’s productivity is
a continuous function of training effort 0. Since workers are ex ante identi-
cal and risk neutral this is equivalent to the model above.? However, in this

3The model is thus a special case of the dynamic framework by assuming a zero discount
rate.

We turn to the possible limitations of our approach in the concluding remarks.

"This can be seen as follows. Let y(o) denote a worker’s productivity as a function
of his training effort o. Further, let y1 (yo) denote a worker’s productivity in trained
(untrained) state. Then defining y(c) = p(o)y1 + (1 — p(c))yo shows the equivalence.



case one would have had to model how the wage depends on productivity
for an interval of productivities instead of just two levels of productivity.

At t = 5, output is produced and wages are paid, where a trained worker
produces y; and receives net wage wi and an untrained worker produces yg
(with y1 > yo) and receives wy.

This sequencing in the decision making process implies that bargain-
ing parties commit to the wage profile before the training decision is made.
Hence, the model does not give rise to the hold-up problem in training invest-
ments. Section 4 will elaborate on the alternative case in which bargaining
parties can renegotiate the wage, after the training decision is made. How-
ever, the model in this section contains another hold-up problem, because
firms and agents cannot commit to the return to search or vacancies. Hence
each of the parties invests to create a joint surplus, while the division of the
surplus is bargained over after these investments are sunk. Correcting this
hold up problem turns out to be an important function of the tax system.

2.1 The private outcome

The process of job matching
The probability for a worker with search intensity s; of being matched
with a firm equals

S; v
;lm(v, s) = sim(;, 1) = sim(6)
where the first equality follows from the assumption that m(s,v) is homoge-
nous of degree 1 in v and s, # = % denotes the labour market tightness and
m(0) = m(0,1). A worker chooses s; to maximise the expected surplus from
search

rnszix{sim(@)ve —7(si)}

where the value of not being matched is assumed to be equal to 0. Looking
at a symmetric equilibrium where each agent chooses the same s; = s we
find that s solves

7' (s) = m(6)Ve (1)

Hence, marginal search costs equal the expected marginal gain from
search. Since we assume a strictly convex cost function for search (i.e.
v"'(s) > 0), the net expected surplus for the worker, sm(0)V. — vy(s) =

sv'(s) — (s), is positive.



m(v,s)

The probability that a firm is matched with a worker equals — = =

%@. Assuming free entry into the vacancy posting business, the value for
a firm of employing a worker J, satisfies

m™(0)

k= 2
it 0 2)

where we use the assumption that the value of not being matched equals 0.
Hence, firms earn zero profits in equilibrium.%

The value of a job match

Given a certain training effort ¢ and wage profile (wp,w), to be de-
termined below, the value of being employed for a worker depends on the
expected wage minus training costs

s
Ve = p(o)wr + (1 = p(0))wo — [L = 7—=—Jeo (3)

+ So
where 22 — stands for a subsidy on training. The value of employing a

worker for a firm equals

Je = p(@)(yr = (L+7m)wi) + (1 = p(0))(yo — (1 + T)wo) = 7a
= p(@)yr+ (1 =p@)yo —Ta— 1+ 7)Ve = (1 +)co (4)

where (1 + 7)w + 7, equals the total wage cost for the firm of paying a net
wage w to the worker Hence, 7 denotes the ad-valorem marginal tax rate
on wages while 7, stands for the specific tax per job. Using the terminology
of Pissarides (1999) and Mortensen and Pissarides (1998), we refer to this
latter as the average tax.”

Furthermore, 1 + ¢ = 114:;2 so that 1 measures the net tax burden on
training (see below).

The worker and the firm bargain about V,. This is modelled with a Nash
bargaining function with the threat points for both worker and firm equal

®If the cost of opening a vacancy would be a function of v (i.e. k(v), where k(.) is a
strictly convex function), there would be a positive surplus for the firm. The effect on
optimal wage taxes of such a generalization is analyzed by Boone and Bovenberg (1999).

"In public finance literature, the average tax generally refers to the total tax burden
on wages as a percentage of gross wage income. In our model, it should be interpreted as
a specific tax on the surplus from a match.



to 0.8 Hence V. solves
Q@¢f@@ﬁr+@—pWDm—Tm—@+TW?—O+¢k®Lﬂ

It is routine to verify that this yields the following solution

Vo = - 0+v)w - )

Je = (1=P)(y—(1+¢)co—Ta) (6)

where § = p(0)y1+ (1 —p(0))yo denotes the expected output of a worker.
The bargaining outcome reveals that the total surplus from a match, § —
(1 +¢)co — 74, is divided between the employee and the employer on the
basis of their respective bargaining powers, T-% and 1— 3, respectively. The
marginal wage tax, 7, reduces the value of a job for the worker. This is a well
known result, see for instance Pissarides (1999: 142, 143). The reason is that
a high marginal tax rate makes workers less aggressive in bargaining since a
rise in the gross wage translates in a small change in the net wage. Similarly,
a high 7 makes employers more aggressive in bargaining, since a rise in w
translates into a big rise in wage costs. In the Nash bargaining solution this
effect of 7 on the wage exactly cancels the higher 7 for employers.

The surplus from a match, §—(1+)co—T,, is sum of three terms. First,
there is expected output g. Second, training costs are subtracted because
bargaining parties commit to the bargaining solution before the training de-
cision is made. Hence, the incidence of the training costs is divided between
the worker and the firm. Apart from the gross cost of training, there is
a net tax burden on training, denoted by 1. On the one hand, training
costs are subsidized through s,. On the other hand, the compensation to
employees for the costs of training occurs through wage payments that are
subject to the marginal wage tax. If 1» > 0, the marginal wage tax exceeds
the training subsidy so that the compensation for training costs is taxed on
a net basis.” This reduces the value of a match. Accordingly, the net tax
burden on training is shared across the worker and the firm. The final term

8This follows from the one shot nature of the game. If the firm and worker cannot
agree on the value Ve, the match is dissolved. Then the worker and firm receive the same
pay off as the firms and workers that were not matched at time 1. In equilibrium such
disagreement never happens.

9 An alternative interpretation of the training subsidy is tax deductibility. In particular,
if s, = 7, training costs would be fully tax deductible. This would be the case if training
costs consist of foregone working time (compare Boskin (1976)). If part of the training
costs is not tax deductible, e.g. because tuition is not tax deductible or if leisure is included
in the model, we find that s, < 7 or equivalently ¢ > 0 (see e.g. Trostel (1993)).



is the average tax, 7,. By reducing the value of a match, this tax also bears
on both the employer and the employee.

Using the free entry condition (2) together with (5) and (6), we can
rewrite V, as

16} 1 k6
Ve = 7
1—-p14+7m(9) ()
Substituting this into the first order condition for s, equation (1), yields
6 ko
() —
Vo) = 5T )

Training
Given the (pre-commited) value V., the firm will set the wage profile
(wo,w1) in such a way that o maximizes J. in equation (4). Hence o solves

c(l4+
(o) = LEY Q

Y1 — Yo
The way that the firm implements this value for ¢ is to choose the difference
w1 —wop such that the worker, choosing o to maximize V, selects this value.
Hence, equation (9) determines w; —wg and (5) determines Ve. It is routine

to verify that this implies the following wage profile

wo = (o 7a) + 1o (Lo —po) s~ ) (10)
= Tl = )+ T (A e+ (=P - ) (1)

Using equation (9) to rewrite (14 v¢)co = p/(0)o(y1 — yo) in equations (10)
and (11), one verifies that the concavity of p(.) implies that wy is below
the renegotiation wage T_%(yo — 74) and w; above the renegotiation wage

—&(yl — Tq4). This is discussed in section 4.

1+7
At the level of o, determined in (9), the free entry condition yields
5 =10 - L+ var—70) (12)
m(@) - Yy a

The three equations (8), (9) and (12) determine the three endogenous vari-
ables s, 0 and 6. From these, we can derive the total number of matches
sm(#) and total unemployment u = 1—sm/(6). Total output equals sm(0)(p(o)y;+

(1 =p(o))yo)-

10



2.2 The social optimum

As a measure of welfare, we use total expected output minus the total costs
of training, search and vacancies. Since workers and firms are assumed to
be risk neutral, this is not an unreasonable criterion. Also note that the
risk neutrality assumption implies that there is no reason to redistribute
income among trained, untrained and unemployed workers. When below we
consider the case with positive government expenditure, g > 0, this welfare
criterion implies that government expenditure has the same social value as
private income and consumption.

sm(0) [p(o)y1 + (1 = p(0))yo — co] —7(s) — ksb (13)

Assume that the social planner chooses s,6 and o to maximize welfare (13).
Then the following result is a slight generalization of the Hosios (1990)
condition to the case with training. For the case without training it is well
known (see for instance Pissarides (1990)) that S =nand 7 =7, = s, =0
causes the private outcome to coincide with the social optimum.

Lemma 1 If 3 =n then

(i) T =Tq =S¢ = 0 implies that the private outcome coincides with the
soctal optimal outcome;

(i) T > 0,74 > 0 and ¢ > 0 implies that agents underinvest in search;

(iii) v > 0 (3 < 0) implies that workers underinvest (overinvest) in
training and if further T4 > 0 then firms underinvest (overinvest) in vacan-
cies;

() Tq >0 (Tq < 0) and 7 = s, = 0 implies that agents underinvest
(overinvest) in search and firms underinvest (overinvest) in vacancies.

If T=74 =55 =0 then

(v) B <n (B >n) implies that tightness 6 is too high (low) in the private
outcome;

(vi) B # n implies that agents underinvest in search.

The intuition for these results is as follows.

(i) If there are no distortionary taxes and the Hosios condition, # =
n, is satisfied (see for instance Hosios (1990) or Mortensen and Pissarides
(1999)) then the private returns to training, search and creating vacancies
coincide with the social returns. The intuition for the Hosios condition is
that an agent’s (firm’s) bargaining power should coincide with the marginal
contribution of search (vacancies) in establishing a match. In particular, the

11



bargaining solution determines the marginal private benefits of a match for
the firm and the worker. If the marginal private benefits equal the marginal
social benefits, the hold up problem is solved as each party gets the social
return on its sunk investments in search, respectively, vacancies.

(ii) If there are positive wage tax distortions (7 > 0), the private return
of search falls short of the social return. This follows from (8) because the
marginal tax 7 does yield social surplus but is not captured by the worker.

(iii) If the training decision is not distorted (7 = s, so that ¢ = 0), the
marginal tax rate has no effect on firms’ incentives to create vacancies. This
follows immediately from (6). As mentioned above, the intuition is that a
high marginal tax rate makes workers less aggressive in bargaining. If the
wage tax exceeds the training subsidy (i.e. 7 > s, so that ¢» > 0), the
marginal tax rate reduces the firm’s incentive to create vacancies. This is
because the net tax burden on training raises the fixed compensation that
employers provide to workers to compensate them for the costs of training.
In other words, 7 creates an average tax burden comparable to 7,. Ac-
cordingly, the total surplus available declines so that a rise in 7 reduces the
number of vacancies and hence labour-market tightness, 6. This is the main
difference with a model without training where 7 does not affect 6.

(iv) The tax 7, affects the value of the match and hence the agents’ search
activity and firms’ incentives to create vacancies. According to (13) the tax
T does create social value, but it reduces the private return to firms and
workers. Hence it causes underinvestment in vacancies and search. Since the
training decision is taken after the match, it is only affected by the marginal
tax rate 7 and the training subsidy, s, not by 7.

(v) If the Hosios condition is not satisfied, labor market tightness is too
high compared to the social optimum if the workers’ bargaining power (3 is
too low compared to their productivity in establishing matches 7. Tightness
is too low if B exceeds 7, because firms do not receive a big enough share of
the surplus and hence create too few vacancies.

(vi) Finally, agents always underinvest in search irrespective of whether
their bargaining power is too big or too small. The idea is that too much
bargaining power for the worker reduces the number of vacancies created and
hence reduces the return to searching. Too little bargaining power reduces
a worker’s share of the surplus and hence reduces his search intensity.

The next lemma reveals that, if the Hosios condition is not satisfied,
taxes T, s, and T, can be used to restore the social optimal outcome, in the
case with zero government expenditure, g = 0.

Lemma 2 If g =0 and 3 # n then there are taxes T,T, and s, that restore

12



the social optimum in the private outcome. Moreover, these taxes balance the
government budget. If training subsidies are not available and  # n then
the tax instruments T and T, are insufficient to restore the social optimum.
In particular,

147 = —1€51% (14)
o= 1L@- o) (15)
Sg = T (16)

make the private outcome in (8), (9) and (12) equivalent to the social out-
come.

The intuition is as follows. The training subsidy s, = 7 ensures that
training decisions are not distorted. The tax instruments 7 and 7, can
be used to redistribute the surplus of a match in such a way that firms
and workers get their correct share determined by 7. To illustrate, if the
workers’ bargaining power (3 exceeds their productivity 7, the government
uses a positive marginal tax rate 7 to reduce the workers’ bargaining power
and subsidises the firm by setting 7, < 0. The reason that this can be done
with a balanced budget is that there are no external effects in the model.
The total private value created equals the total social value created. The
value just needs to be (re)distributed in the right way.!”

If the training subsidy would not be available — e.g. because the govern-
ment cannot observe training efforts and hence they are not tax deductible —
it would not be possible in general to arrive at the social optimum. Indeed,
the government would have access to just two instruments, 7, 7, to correct
three variables, s, 0 and 6. This is not possible in general.

In the next section, we explore the effects of a tax reform, starting from
an equilibrium that is not necessarily optimal. Furthermore, we analyze the
case of a positive revenue requirement for the government.

2.3 Tax reform

In this section, public expenditures, g, are positive in the initial equilibrium.
Hence, we start from a sub-optimal equilibrium since the social optimum is

10Note that the balanced budget result depends on our assumption of constant returns
to scale in the matchingsfunction. In particular, with decreasing returns to scale in the
matchingsfunction the taxes needed to induce the social optimum in the private case yield
a budget surplus for the government. With increasing returns to scale the taxes yield a
deficit.

13



always characterized by zero public revenues (see Lemma 2). We assume
that the level of g remains fixed, e.g. because political barriers preclude bud-
getary cuts. The government does not have access to a non-distortionary
lump-sum tax to finance its spending. This brings us into a second-best
world. Indeed, the government has to rely on three distortionary tax in-
struments, 7,7, and s, to raise public revenue. This section analyzes the
optimal mix between these taxes. Furthermore, we explore the welfare ef-
fects of a balanced budget tax reform from the average tax, 7,, towards the
marginal tax, 7, if we start from a sub-optimal initial equilibrium. This
reform is interpreted as an earned income tax credit (EITC).
The government budget constraint is of the form

So

1+ s,

g = sm(8)[p(o)(Tw1 + 74) + (1 = p(0))(Two + 7a) — co]

The government spends ¢ and has to finance this with a wage tax Twi + 74
(Two+74) per matched and trained (untrained) worker. Further, from equa-
tion (3), the government pays a training subsidy —¢—co per matched worker.

1+s4
Using equation (3), the government budget constraint can be written as

g =sm(0)[TVe + T4 + o] (17)

Now consider the folowing two optimization programs.

max sm(0) [p(a)y1 + (1 —p(0))yo — co] = ~(s) — kst (Por)

T,Ta,So

subject to equations (8),(9),(12) and (17)
and

max S (PC2)

T,Ta,So

subject to equations (8),(9),(12) and (17)
The following proposition substantially simplifies our welfare analysis.
Proposition 3 Optimization programs (Pc1) and (Poa) are equivalent.

Hence, instead of maximizing the expression for welfare in (Pg1) we just
need to maximize workers’ search intensity s subject to the same equations
determining s,0, 0 and government budget balance. The intuition why s is
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a sufficient statistic for welfare (13) is as follows. Total surplus is divided
between workers, firms and the government. Since firms make zero expected
profits by the free entry condition and because we maximize welfare for
given government expenditure g, only workers’ surplus creates welfare. As
mentioned above, substituting (1) into workers’ expected surplus yields

sm(0)Ve — y(s) = 57'(s) = ¥(s)

which is positive and increasing in s due to the assumption that ~(.) is
convex. Hence s is a sufficient statistic for total welfare.

Effects on search

To arrive at the reduced form for search, we log-linearize the model
around an initial equilibrium and solve the linearized model analytically. In
particular, we solve the model for two exogenous variables 7 and s,. The
government budget constraint is used to adjust 7, endogenously. Intuitively,
the revenues from a higher marginal tax (or a lower training subsidy) are
used to reduce the average tax per job, such that the government budget
remains balanced.

Lemma 4 The reduced form for search can be written as

~ _ ~ co . ~
esAS = [(B—n)(y — co) + (1 = B)(Ta + Yco)]T — i (T—-35) (18)
where
= 7] — — L 1
A =n(y —co) m(9)8(1 68) >0
and g5 = 77,((88))8 >0, e, = —pp,((?)a >0,§=% 7= li—TT and 5, = 1d+5§g'

The determinant, A, should be strictly positive for the model to be
stable. This means that we should be on the left side of the Laffer curve.
It requires that the size of the public sector, g, is not too large. Since, at
the optimum, the marginal change in search is zero, the reduced form shows
some direct implications for the optimal second-best tax structure in case of
a positive revenue requirement for the government, g > 0.

Proposition 5 Consider the case where g > 0.
(i) If 3 = n then it is optimal for the government to set T, =0 and ¢ = 0,
irrespective of the level of g;
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(ii) if B # n then it is optimal for the government to set T, = Q{%(g —co)
and v = 0, irrespective of the level of g;
(iii) at the optimal tazxes it is the case that Ve = n(y — co) — —L)

sm(6

Hence, in a second-best framework with a positive revenue requirement,
the government should always set the average tax per job and the training
subsidy at their first-best levels derived in equations (15) and (16). Public
revenues should thus be raised by the marginal wage tax alone. The intuition
for this result is the following. As firms earn zero profits, they cannot bear
the burden of taxation. Indeed, the incidence of all taxes is ultimately borne
by workers in the form of a lower net surplus from search. The government
can tax away this surplus through either 7 or 74(we ignore the training
subsidy for the moment). It turns out that taxing the surplus from search
directly through the wage tax 7 is more efficient than taxing it indirectly
through the average tax per job. Intuitively, whereas both taxes distort the
search intensity of the worker, the average tax distorts also labour-market
tightness by reducing vacancies. Accordingly, the average tax per job is a
relatively inefficient instrument to tax away the surplus from search of the
worker.

This result resembles that of Diamond and Mirrlees (1971). Their model
assumes perfect competition, which ensures zero profits for the firm, and
implies that there is no such distortion as a deviation from the Hosios con-
dition, because each production factor receives its marginal product. If the
government relies on distortionary taxes to raise public revenue, Diamond
and Mirrlees show that it should always maintain production efficiency, i.e.
the government should not impose taxes that distort the input mix in pro-
duction. In our framework, we find that the government should not impose
taxes that distort the ratio between vacancies and search, i.e. labour-market
tightness. Hence, only deviations from the Hosios condition call for an av-
erage tax rate, T4, not the need to finance g > 0.

In terms of the optimal incidence, the expression for V. under (iii) sum-
marizes this discussion. The worker gets his efficient (Hosios) share n of the
surplus (§ — co) and bears the burden of g per match completely.

Armed with the optimal structure, the reduced form reveals under which
conditions an EITC improves welfare if we start from a sub-optimal equilib-
rium. The following result follows immediately from equation (18).

Proposition 6 Introducing an EITC, here interpreted as a rise in T where
the government budget is balanced by a reduction in T4, has the following
implications for welfare:
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(i) in case ¥ = 0, then it raises welfare if and only if T4 > 1175%(7] —co);
(ii) in case T4 = 1175%(@ —co) and ¢ > 0, then it raises welfare if and only
ifl—p3>=;

(iii) in case T4 = %(g —co) and v > 0, it always raises welfare if T = 5.

The intuition for the result is the following.

(i) If training subsidies are set at their first-best level (i.e. ¢ = 0), the
introduction of an EITC would raise welfare if and only if the initial 7,
exceeds the optimal second-best level in proposition 5 (ii) (see also 15).

(ii) If 74 is set at its optimal level in (15), a marginal increase in 7 yields
an ambiguous effect on welfare if s, is fixed at too low a level, that is ¢ > 0.
This case with 7 > s, seems relevant in practice. In particular, not all costs
of training are tax deductible. Examples include books, materials, training
hours during leisure time and pure effort costs.

With 7 > s, training is taxed on a net basis. This net tax burden
on training causes two distortions. First, it distorts the distribution of the
surplus from a match across the worker and the firm. In particular, the tax
burden on training reduces the surplus for the firm so that a lower level
of 7, would suffice to maintain the Hosios condition. Indeed, it is always
optimal to avoid taxing the firm to raise revenu. If one starts from the op-
timal second-best level of 7, (i.e. the level without a training distortion), a
marginal reduction thus yields a first-order welfare improvement. Second,
the net tax burden on training implies that training is too low. A marginal
increase in 7 exacerbates this distortion if the training subsidy is not ad-
justed accordingly. Hence, the overall welfare effect of an EITC is ambiguous
and depends on the magnitude of a reform on the two distortions, i.e. the
distortion in labour-market tightness and the distortion in training. The ef-
fect on the distortion in labour-market tightness is measured by 1 — 3, which
denotes the extend to which the tax burden on training reduces the surplus
for the firm. If firms have relatively much bargaining power (i.e. 1 — 3 is
large), they also bear a large part of the net tax burden on training since
these reduce the surplus from a match. The effect on the training distortion
depends on €,, which measures the speed with which the rate of return to
training declines with the level of training. In particular, if rate of return to
training declines rapidly with the level of training (i.e. e, is large), the effect
on training will be small. A net tax burden on training thus makes an EITC
more attractive if the first effect dominates the second effect. Otherwise, an
EITC becomes less attractive.

(iii) If the government would raise the training subsidy in line with 7, or
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equivalently all training costs would be tax deductible, it would offset the ef-
fect of 7 on the training distortion. Hence, an EITC (i.e. a marginal increase
in 7 and s, and a corresponding reduction in 7,) would unambiguously raise
welfare since it alleviates the distortion in labour-market tightness.

3 Model without commitment

In the previous model, agents choose training after bargaining parties com-
mitted to the wage profile. In this section, we explore an alternative sequence
of decision making. In particular, we consider the following timing structure.

time |
agents firms
0 search intensity s; posting vacancies v
1 matches m(v, s)
2 training effort o
3 bargaining (wo,w;)
4 output (yo,y1)

Hence, households decide about their training effort before negotiating
about the wage profile.

3.1 The private outcome

If firms cannot commit to a wage profile (wg,w;), the worker and firm
(re)negotiate the wage in each state, trained and untrained. Again assum-
ing zero threat points, w; is determined by the Nash bargaining function in
state ¢ = 0, 1. That is, w; solves

maxw?(yi —(1+7)w; — Ta)lfﬁ

wy

Consequently

(¥i — Ta) (19)

i=0,1.

Hence, if bargaining parties negotiate the wage outcome after the train-
ing decision, the wage profile differs from the model with commitment above.
Indeed, comparing the wages in (10) and (11) reveals that the wage profile
is less steep in the model without commitment, because in the commitment

18



case wy is below T_%(yo — Tq) and w; above T_%(yl — Tq). The intuition is
the following. Although the division of the surplus may not be optimal in
the commitment case above (if Hosios is not satisfied), the firm has still an
incentive to set the wage difference w; — wgp in such a way as to maximize
the total surplus. In the no commitment case here, the training costs are al-
ready sunk when the firm and worker bargain about the surplus. Hence the
relevant surplus for the firm is y; — 74, not the total surplus §—7,—(1+v)co.
In other words, the firm has neither the means nor the incentive to maximize
the total surplus.

Note that the commitment case assumes commitment from both the firm
and the worker not to renegotiate wages. In particular, in the untrained state
the worker has an incentive to renegotiate because the wage wg in (10) is
below the renegotiation wage HLT(yO — Tq). Similarly, in the trained state
the firm has an incentive to renegotiate because w; in (11) is above the rene-
gotiation wage %(yl —Tga). In other words, the commitment case requires
an institutional setting where both parties have an incentive to stick to their
agreement. Reasons may be that individual workers and firms try to build
a reputation for being able to commit. This is most likely if relationships
are expected to last long. Alternatively, unions and representatives of firms
bargain at a centralized level and force their constituencies to stick to the
agreement because the aggregate surplus is bigger with commitment. Either
way, in our interpretation, the commitment case is more likely to come about
on the European continent than in the Anglosaxon countries (Teulings and
Hartog, 1998). We return to this below.

It follows that

1
L= 1-— — 2
Ve = p(o)wr + (1 — p(o))wo s, co (20)
Hence workers choose o to solve
1
mgx{P(U) 1 +T(yi — %) — 1+ SUCU}
Thus
/ c(1+9)
(@) B(y1 — yo) 2D

Comparing this expression to (9), for given v, workers invest less in training
in the no commitment case than in the commitment case. The intuition is
that in the no commitment case, workers pay all training costs while they
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share the returns of training with firms. Further,

Je = p(@)(y1 = (L+7)w1) + (1 = p(0))(yo — (1 + T)wo) = 7a
g

I )

(22)

where the last equality follows from the government budget constraint (17).
The interpretation is that the total surplus after a match, §y — co, is dis-

tributed over employers, J., employees, V., and the government, - Wf(e).
Combining this equation with the free entry condition (2) yields
kO g
~ _ —y—co—-V, — —L 23
m@) YT T T (@) (23)

The first order condition (1) for search intensity s remains unchanged
7' (s) = m(O)Ve (24)

3.2 The social optimum

To find the solution for the optimal taxes, we again simplify the analysis
by proving the equivalence of two optimization programs. Consider the
following optimization programs

max sm(0) [p(a)y1 + (1 = p(0))yo — col = ~(s) — ks (Pncr)

T,Ta,Sc

subject to (21), (23), (24), (19) and (20)

and

max {s} (Pne2)

T,Ta)So

subject to (21), (23), (24), (19) and (20)

Proposition 7 The optimization programs (Pnc1) and (Pyc2) are equiva-
lent.

The intuition for this equivalence is the same as in proposition 3. In fact,
the proof of proposition 3 does not depend on the commitment assumption.
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Proposition 8 With optimal taxes, the commitment and no commitment
cases yield the same values for s,0,0 and V,. Comparing the optimal tazes
in each case yields

co
_NC _ _C_ 5‘/6
Tévc = TaC +co
P = —(1-p)
v =0
where the solution to (Poy) is denoted by (7€,7¢,s%) and 14+4¢ = %ig; and
the solution to (Pyc1) is denoted by (TNC,7NC sNC) and 149pNC = %

The three tax instruments 7,7, and s, can solve the problem of lack of
commitment, in the sense that the values for s,0,0 and V., are the same
with optimal taxes in the commitment and no commitment case. In both
cases we find that training effort ¢ maximizes the total surplus of a match
p(0)y1+(1—p(0))yo—co. In the commitment case we see this by substituting
the optimal value w(] = 0 in proposition 5 into equation (9). In the no
commitment case the result follows from substituting V¢ = — (1 —73) into
equation (21). The reason why the government revenue requirement does
not affect the value of the surplus ¥ — co is again production efficiency. If
financing g would distort o, it indirectly reduces tightness (and search s)
by reducing the value of the match. As argued above, the demand side of
the labour market cannot bear the burden of taxation because of the free
entry condition. Since the burden of taxation falls on the labour supply side
anyway, it is more efficient to tax s directly and leave o and @ at the their
efficient level rather than distorting ¢ and thereby 6 and s as well.

Given this optimal value of § —co, the question is how this surplus net of
government expenditure, § — co — ﬁw), is distributed over workers, V., and
firms, Je. This distribution then affects s and 6. The instruments 7 and 7,
are used to achieve this distribution. (Pg2) and (Pyc2) make clear that V, is
chosen to maximize search s or equivalently welfare (13). The way to do this
is to give workers their Hosios share 7 of surplus §—co minus the government
expenditure requirement per match ;n’@. Thus V. = n(y —co) — ;n%.
The reason why workers bear the incidence of g completely is (again) that
firms earn zero (expected) profits and hence cannot bear any incidence at
all. The value of V, in the no commitment case corresponds to the value in
proposition 5 (iii) for the commitment case. Hence V., s and 6 are the same
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in the commitment and no commitment case. However, the values of the
tax instruments differ in the two cases.

The intuition for the tax results is the following. The model without
commitment contains two additional distortions compared to the commit-
ment case. First, training is too low in the no-commitment case due to the
hold-up problem. Indeed, the social benefits of training exceed the private
benefits for the worker so that the private outcome yields too little incen-
tives for training. In the commitment case, training is distorted only if it
is taxed on a net basis. Proposition 8 reveals that the hold-up problem
can be alleviated in the no commitment case by setting the training subsidy
above the marginal wage tax, that is training is subsidized on a net basis
(» < 0). In particular, the net subsidy on training should raise the return
to training for the worker so that the marginal costs and benefits coincide.
This calls for a net subsidy equal to 1 — (3, i.e. the share of the benefits of
training that flow to the firm instead of the worker. The second distortion
due to the lack of commitment in wage bargaining appears because training
costs do not reduce the surplus from a match to the firm. Accordingly, it dis-
torts labour-market tightness. Compared to the commitment case, this calls
for a higher average tax and a lower marginal tax in order to redistribute
surplus from the firm to the worker. Intuitively, redistributing the surplus
creates the right incentives for search and vacancy creation by equating the
marginal private benefits with the corresponding marginal productivities in
the matching process.

If we start from an arbitrary tax system, the introduction of an EITC
is thus more likely to improve welfare in an economy characterized by com-
mitment on the labour market than in an economy without commitment.
Interpreting the US economy as being characterized by less commitment
than the economies on the European continent, we conclude that an EITC
in Europe would be more attractive than in the US. In the US, a number of
economists already consider the EITC as a successful instrument to stimu-
late participation. Indeed, Eissa and Liebmann (1995) find that the EITC
significantly raises the participation of women with children. Furthermore,
the adverse incentive effects of high marginal taxes on hours worked are
found to be negligible.

4 Concluding remarks

This paper formalizes the trade-off between labour-market participation and
training in a model of search on the labour market. In particular, it illus-
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trates the optimal tax structure in the presence of three distortions, namely
a training distortion, a public revenue requirement that has to be financed
by distortionary taxes, and a hold-up problem that arises because firms
and workers cannot pre-commit to the return to search and vacancies. We
are able to derive analytical results because we use a simplified, static rep-
resentation of the search model in the tradition of Pissarides (1990) and
Morensen and Pissarides (1999). Although our approach captures some im-
portant features of these dynamic models, it may also have some limitations.
In particular, since we ignore dynamics, our results should be interpreted
as steady-state solutions. Especially for human capital formation, this may
be too simplistic, although we believe that our model captures the main
incentive effects of training. An important assumption in our model is that
tax policies have no implications for the fall back position of workers and
firms, which always have a value equal to zero. If these values were positive,
which is the case in a dynamic model of search, taxes would have a different
impact on labour-market decisions, including the training decision. This
type of analysis may be left for future research, but it seems unlikely that
one would be able to derive analytical solutions from such a model.
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Appendix
This appendix contains the proofs of the results in this paper.

Proof of Lemma 1
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The first order conditions for s,6 and ¢ in maximizing welfare (13) are
respectively

n(O)(F — o) —A/(s) — K0 = 0 (25)
m'(0)[j—co]—k = 0 (26)
p(o)(yr—yo)—c = 0 (27)

where, as above, § = p(o)y1 + (1 — p(0))yo. Rewriting equation (26) as

~ k6
(1—77)(y—00)—m (28)
Substituting this into (25) yields
reey — M

() = Tt (29)

(i) Comparing (27), (28) and (29) to the private outcome in equations
(8), (9) and (12) shows that the private and social outcomes coincide if
T=8;,=Tq=0and =n.

(ii) Comparing (29) with (8) shows that for given 6, 7 > 0 implies that
the private s is lower than the socially optimal s. Further, (12) together
with ¥ > 0,7, > 0 implies that private 8 does not exceed socially optimal
6. This implies that s in (8) does not exceed s in (29).

(iii) The effect on training follows immediately from (9) and (27). Since
the value of ¢ in (27) maximizes § — co, it follows from (28) and (12) (with
the assumption that 7, > 0) that private 6 is below socially optimal 6.

(iv) 7 = s, = 0 implies that ¢» = 0 and hence both private and socially
optimal o maximize § — co. Now comparing equations (28) and (12) shows
that 7, < 0 implies that 0 is higher in private outcome than in social opti-
mum. Comparing (29) and (8) shows that the higher private # implies that
private search s is higher than socially optimal search.

(v) The effects of 3 # n are as follows. First, note that o is unaffected
by /3 in the private outcome (9). Second, the effect of 3 on # can be derived
from (12) as

a -1 0

- 15 ""

(vi) Using this in equation (8) to find the effect of 3 on s yields

ds ko 1 1 I} >0 if B<n
<0 if g>n

Ui

s "(s) (1= B)?
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Hence s is always too low if 3 #£n. QED

Proof of Lemma 2
It is routine to verify that 7, s, and 7, satisfying

B 1-n
1+7 = —1_5—77
Ta = %(y—CO’)
S¢ = T

make the private outcome in (8), (12) and (9) equivalent to the social
outcome in (29), (28) and (27). To check budget balance we show that
T(p(o)wy + (1 — p(0))wp) + Tq — T5%—co = 0 as follows

1+so
r(plo)wr + (1= p@)wn) +Ta — 77 = Vet Ta+theo
T _
= 1_{_7_6(.71_00—_7_(1)‘{‘7_0,
— (7 B—n n—p\_ n=-p
- e () 1
=0

where the first equality follows from (3), the second equality from ¢ = 0
and (5) and the third equality follows from the expressions for 7 and 7,
above. QFED

Proof of proposition 3
Using the expressions for the value of a match for the worker and the
firm (5) and (6), we write

A +7)VetJe=[g—7a = (L +¢)co]

Using this expression to eliminate § — co from (13), we write welfare as

v(s)

sm(0)[TVe + 7o + Yco] + sim(0)V, — T] + sm(8)[Je. — 0

m(0)

Using (1) and (2) and the government budget constraint (17), we can
write welfare as follows

]

1),

g+s0/(s) - =
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Hence, welfare is determined by public expenditures, the net surplus
from search and the net surplus from vacancies (which equals zero). Since
we explore only balanced budget reforms (dg = 0), the change in welfare
can be written as

57" (s)ds

Because 7"'(s) > 0 for each s > 0, welfare maximization is equivalent to
maximization of search. Note that this holds true for both the case with
and without commitment (see below). QED

Proof of lemma 4
Log linearizing equations (8), (9) and (12) yields

€s -1 0 {3 —T

0 ng—7a—(L+v)co] 0 0 | =| —TaTa— (1L+Y)oc(T —55)

0 0 Eo o _(7— - gU)

(30)
_ 7"(s)s — "(o)o ~ _ dr s — dsg

where g, = %,50 = —%, =15 and S, = e

Using equation (7), government budget constraint (17) can be written
as

g = sm(0)(TVe+pco + 14)
ST _{T_ - %k@ + sm(0)co + sm(0)T,

Hence

k6 N
dg = m(0)s <1—7|-—7'1fﬂm(9) +(1—77)(1p00+7a)> 0 + g5+ sm(0)pcod +

sm(0) <1 leT T ?5 T:(Z) +oc(l+ ¢)> T+ sm(0)TqTq — sm(0)co(1 4+ )3

Using dg = 0 we get
1 6 kO .
1+71—3m(0)
T 6 kO
1+71—p3m(0)

g 1, -
m(@)sss( 0+7)+veo Eo

TaTa +0c(1+ V) (T — 85)
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or equivalently, using equations (7) and (17) to gather the term A,

Aé:( 1 B kg i>%_wca(%_§a)

I1+71—-8m(0) m(f)ses Eo
where
A =g 9 g4t
:n(y_co—)_m(g)s( +5—s)

Using the first row of (30), we find the following reduced form for search
Yeo

€o

esA5 = ([B = n|(§ — co) + (1 = B)(Ta + ¢c0)) T — —(T — 50)

QED

Proof of proposition 5

Proposition 3 says that maximizing welfare subject to (8),(9),(12) and
(17) is equivalent to maximizing search subject to these four equations. The
reduced form in (18) takes these four equations already into account. To

find the socially optimal taxes, we need (only) to solve % =0 and dds_i = 0.

From (18), it follows immediately that dds—i = 0 if and only if % =0, that is
1 = 0, or equivalently 7 = s,. Using this in the first order condition % =

yields

B=m)(F—co)+(1—P)Ta=0
or equivalently

Ta = u(gj — co)
1-p
Note that these expressions for ¥ and 7, are independent of the level of g.
In other words, only 7 is affected by the level of g.
(i) and (ii) follow immediately from ¢ = 0 and 7, = %’:—g(gj —co).
(iii) Noting that the total surplus § — co is divided among employed
workers, firms and the government, we can write

g — 9] —
%+Je+5m(0) _y co

28



or equivalently

Ve = y—co—Je—

(

= g—co—(1-0 < —CU—%(y_Cao_smg(@)
= n(y—-co)—

sm(&)

where the second equality follows from equation (6) and the expressions for
optimal taxes ¢ = 0 and 7, = %(g —co). QED

Proof of proposition 6

The reduced form (18) is derived under the assumption that changes in
T (and s, ) are offset by changes in 7, to keep a balanced budget for the gov-
ernment. In particular, this follows from the dg = 0 assumption in equation
(31) above. The results (i), (ii) and (iii) follow immediately from equation

(18). QED

Proof of proposition 7
It is straightforward to verify that the proof of proposition 3 also applies
in the no commitment case. Hence (Py¢1) is equivalent to
max $

T,Ta,Sc

subject to (21),(23),(24),(19) and (20)
QED

Proof of proposition 8

Instead of maximizing with respect to 7,7, and s,, we determine first the
wage level wg and the wage differential A = w; —wg which maximize s. From
these we derive the corresponding optimal values of the tax instruments 7,7,
and s;.

We write optimization program (Pnc2) as

max{s} subject to

V(s) = m(6) (wo+p(0) A~ co)
m’“_%) = yo—wo+p(0) (1 —yo—A)— smg(e)

c
A
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where the three equations determining s, § and o follow from (20), (21), (23)
and (24). Linearizing these three equations in s,0,0,wp and A yields

7"(s) —(1=m)7 ()3 0 ds
it 3 (02 (1 -0)3) P00 - D) ( a )
0 0 V) do
m(8) [dwo + p(a)dA] )
= —dwy — p(o)dA
S5dA

where § = —Z~. Defining det as the determinant of the matrix at the left
sm(0)

hand side, we find

p(0)Y'(s)

ko _
o= LB e, B 1y )

Using Cramer’s rule to determine ds yields
1 1

ds = @{mw) [dw0+p(0)dA]pH(o)5<n%
7'(s)

0= 0) 2 (1) [y = () 6]+ g0/ (@) =0 — ) d5) |

—(1—n)g>+

Hence

dd_“i’ ) 1;'5;'3 (m(g) (n% —(=m g) - (1= 7’(S)>
Using 7/(s) = m (6) Ve in 2 = 0 yields

n ko 3
Ve=———= -9
L —nm(0)

or equivalently
Ve=n(j—co)—g

Further, ;—Z = ( yields, in a similar way,

)1 (©)p(0) 5 (s =~ (1= )3
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or equivalently A = y; — yo. Hence in the no commitment case we find
po) =% = ylfyo' That is, o is at its socially optimal level. Further,
the expression for the incidence V. = n (g — co) — g is the same as in the
commitment case (see proposition 5 (iii)).

Now we turn to the problem of determining the values of the tax instru-
ments in the commitment and no commitment case. Proposition 5 implies

that ¢© = 0. Hence it follows from (9) that the private ¢ in the commit-

ment case satisfies p'(0) = —-. Thus we find oN¢ = ¢%. Let o denote
this value 0 = oV¢ = ¢¢. Whereas ¢ = 0 achieves this value of ¢ in the
commitment case, equation (21) implies that V¢ = —(1 — g).

In the commitment case, equations (1), (2) and proposition 5 (iii) imply

ko“ c g
= g—co—-V
me?) Y TS
g
Ve = —co
where ¢ = gN¢ = 5 = p(o)y1 + (1 — p(0))yo.
For the no commitment case we find:
7’(5NC) — m(QNC)VveNC
keNC
—r = G-V
m(0™%) sNCm (™)
yNC — y—co)— 9

Comparing the equations for s¢,0¢ and Vec with these for sN¢ 6N and
VNC shows immediately that s¢ = sVC¢ = s, ¢ = V¢ = ¢ and V¢ =
VNC = V,. However, the values of the tax instruments 7,7,,% to achieve
these values differ in the commitment and no commitment case.

>From the government budget constraint (17) and the expression for

YpNY = —(1 — ) we find

J___ NCy, +7.éVC — (1 =p)co
Using Ve = n(y — co) — #@ this can be written as

(1+ TNC)W% =7V — o) + 737 — (1 = B)eo
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Combining this with the expression (1 +7V)V, = 3(y — co — 7NY) yields

™NC = —z:g(g—ca)jtca
= Tac—{—CO'

where the expression for 7¢ follows from proposition 5 (ii).
Finally, the expression for 7V¢ is derived from the government budget
constraint (17) written as

smg(Q) = TNCVewL—Z:g(y—ca)+ca—(1—ﬁ)ca
#«0) = TCVve—{-%(g—CO')

Substracting these two equations yields
0= (TN =YV, + Beo
or equivalently

c:Nc@
T T+Ve

QED
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Abstract

This paper develops a model of search on the labour market with training. The model
reveals how the tax system can restore the social optimum if the Hosios condition is not
satisfied in the private equilibrium. Furthermore, the effects are explored of a
second-best reform from a specific tax per job to a marginal wage tax, when a given
amount of public revenue has to be raised. We find that (i) a marginal wage tax is less
distortionary to raise revenue than is a specific tax per job, provided that training is not
distorted initially; (ii) this conclusion may reverse in the presence of training
distortions; (iii) marginal wage taxes are less distortionary in economies characterized
by commitment in wage bargaining, such as the European labour market. Hence, tax
reforms that reduce the tax burden per job and raise the marginal wage tax, such as an
EITC or a negative income tax, are more attractive in Europe than in the US.
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