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Abstract

I derive the optimal income tax schedule on imperfect labor markets with search. In
the search framework workers and vacancies decide how intensively to search for partners,
and whether to match with a potential partner when they meet one. The private choice
on intensity of search a ects not only the private expected income of the decision maker,
but also the rate at which partners meet and match, as well as the distributions of
productivity types among the actively searching workers and vacancies. A searching
agent does not take into account these latter, external e ects, and the level of her search
intensity is not socially optimal. As a result, the level of total production in the economy,
is suboptimal. Income taxation can restore the socially optimal search intensities. | show



searches more intensively makes it easier for vacancies to meet workers, and more di cult for
other workers to meet vacancies. In addition to this, a more productive worker is a preferred
partner for a searching vacancy. Because output is shared after the search costs are sunk, the
worker is not appropriately awarded for her search e orts. This leads to an equilibrium where
low productivity workers search too hard, while high productivity workers do not search hard

enough. As a result, the level of total production is sub-optimal. This paper explores the role



government has to consider when designing the tax system, lead to a distortion associated



agenscies to be heterogeneous in productivity type. This extension allows me to more deeply
study the externalities that arise on imperfect labor markets, some of which are missing on
markets with homogeneous in productivity workers. When a worker increases her intensity of
search she makes it more di cult for other workers to meet vacancies (the congestion external-
ity), and makes it easier for vacancies to meet workers (the thick-market externality). When
workers and vacancies are of di erent productivity types, however, the externalities imposed
by a searching worker are more involved, because by marginally increasing her intensity of
search the worker also makes it more di cult for the vacancy to meet a worker of the other
type - a congestion externality if the worker is of low productivity type, and a thick-market
externality if the worker is of high productivity type.

Discussing optimal income taxes is also more meaningful when workers di er in produc-
tivity. Note that in a model with homogeneous in productivity type workers and rms,
Mortensen (1982), Hosios (1990) and Acemoglu and Shimer (1999) identify that equating the
agent’s bargaining power to the elasticity of the matching function (her contribution to the
match), ensures e cient levels of search intensities on both sides of the market. However, as
demonstrated by Shimer and Smith (2001) and by the analysis in this paper, when workers
and rms are of ex-ante di erent productivity types, a generalized output sharing rule is not
always su cient to decentralize the social optimum. In the absence of externality-correcting
taxes the decentralized equilibrium is often ine cient.

The assumption of heterogeneous in productivity type agents also allows me to study the
progressivity of the optimal income tax in the context of imperfect labor markets. | assume
that both supply and demand are elastic. When workers and vacancies di er in productive
skill, they search with di erent intensities, and the elasticities of their search e ort, with
respect to the rewards of search, depend on the productive skill of the worker or vacancy.
The set of elasticities can tell us something about the progressivity of the tax system. In my

model the elasticity of supply/demand is lower for the workers/vacancies who search more



the externality alleviating role of the tax system interacts with the revenue generating task of
the system. Boone and Bovenberg (2002), in their model with homogeneous in productivity
agents, nd that the externality controlling part of the tax can be separated from the revenue
raising part of the tax. | study the optimal total tax rate, and show that the externality
controlling part of the tax rate is incorporated within the total tax rate, and is a natural part
of what determines the tax burden faced by a worker or vacancy of a given skill type.

Using Pigou income taxes, | nd that there are two main externalities that arise in my
model. The rst externality is related to the ability of an agent to create a match. A more able
agent is not rewarded fully for her contribution in creating the match, because the bargaining
process depends only on the predetermined bargaining power of each potential partner. This
sends a wrong signal to the worker on the return to search. Pigou taxes reward agents who
are more productive in creating a match and punishes agents who have too much bargaining
power (inconsistent with their ability to create a match).

The second externality that arises in the search process, is related to the e ect of the
intensity of search on the distributions of productivity types on each side of the market.
When a worker of high type increases her intensity of search, she changes the distribution of
actively searching workers in a favorable way from the point of view of the vacancy, because it
increases the probability that the vacancy will meet a highly productive worker. The opposite
holds for workers of low type. Because search e orts are held up, high types under-search and
low types over-search in the private equilibrium, leading to suboptimal levels of production.
Pigou taxation restores the socially optimal levels of search intensity while retaining a balanced
budget.

Using linear income taxes to decentralize the social optimum and raise a predetermined
level of government revenue | show that the optimal tax system is composed of an element
that restores the socially optimal level of search intensities, and an element that raises the
required revenue. Since high productivity type imposes a net positive externality, and a low
productivity type imposes a net negative externality, the element that restores e ciency on
the search market suggests a more regressive tax system.

The second major result that arises from optimal income taxation with positive govern-
ment revenue is that the relative tax rates are inversely related to the relative elasticities
of search activity. High productivity agents search more intensively in the social optimum,
and because the elasticity of search activity decreases in the equilibrium search intensity, the

revenue raising element of the optimal tax suggests a progressive tax system.



Whether the optimal tax system on imperfect labor markets with search is actually pro-
gressive or regressive depends on the shape of the search intensity cost function (preferences),
and on the shape of the production function. The slower the search costs rise, and the larger
the di erence between the marginal contribution to a partnership by a high productivity type
and the marginal contribution to a partnership by a low productivity type, the more dominant

the regressive component will be.

2 Model

The economy is populated by workers and vacancies, which within their own group di er
in productive skill. For simplicity the productive skill types on each side of the market are
assumed to be two - high (H) and low (L) type. The exogenous number of workers in the
economy is I, for k = H;L, and the exogenous number of vacancies is q,,, for m = H; L.
Workers and vacancies have two options each period - either to participate on a labor market
and form bilateral partnerships to produce an exogenously determined ow output of y,.,, > 0,
or to not participate on the market and receive an income of zero. There is no restriction
to the production function of the partnership except the meaning we imply by the notion of
di erence in the productivity of the partnership, V.. > Y....

In the beginning of each period workers search for vacancies at a self-selected search
intensity , €[0; 1], which can be interpreted as the probability of search during the period.
By searching workers incur a search cost ¢, ( ), which increases in their intensity of search.
To ensure that a worker selects a unique and positive search intensity in equilibrium, and that
this intensity is lower than unity, the cost function is assumed to be continuous and strictly
convex, with ¢,(0) =0, ¢/ ,(0) =0, and lims,_,1 ¢/ ( ,) =+oo. Similarly, in the beginning of
each period vacancies search with an intensity v,,, and incur a search cost c.(v,,) sharing the
same characteristics as the search cost function of workers.

A worker or vacancy who searches with positive intensity meets at most one potential
partner from the opposite side of the market within the period. The probability that a worker
meets a vacancy during the period is , and is positively related to the number of vacancies
on the market, and negatively related to the number of workers on the market. Similarly, the
probability that a vacancy meets a worker during the period is , and is negatively related to
the number of vacancies on the market, and positively related to the number of workers on

the market.



Once a worker meets a vacancy the parties perfectly observe the potential output of the
partnership and the shares each of them receives, and match for sure (since the outside market
alternative is absent). At this stage the search process ends and the matched pairs produce
until the end of the period, while the unmatched agents stay idle. At the end of the period
all matches dissolve. The game repeats the next period and workers choose their strategies

independently from the strategies played, and outcomes reached, in previous periods.

2.1 The matching technology

The probabilities of encounter, and , are determined by the matching technology, which
describes the relation between inputs, search and recruiting activity, and the output of the
matching process, the number of encounters and matches per period.
The assumption that each prospective worker meets prospective employers with probability
implies that the expected aggregate number of unemployed workers who meet vacant jobs
within the period isequal to >, .l.. Similarly, the assumption that each vacancy is visited

by workers with probability



workers in creating matches, and 1 — measures the e ectiveness of vacancies in creating
matches. As Mortensen and Pissarides (1999) note, the meeting process that might generate

such an encounter function is not known. However, Pissarides (1996) and Blanchard and Dia-



2.2 Output sharing

When a worker and a rm meet they immediately observe the level of joint output, and match
if each of them receives more from production than from their outside option. | assume that

any partnership produces positive output and that the outside option is zero, so that all



2.4 Private expected utility functions

The probability that the rm encountered by a worker is of, say, high type is v,q,=", 0.

The expected utility of a worker of type k within a period is

/

( VuQy VoQe ‘
Uk = - Cw( k) + {M( ) Z+q kY RH + Z+q kLYkL + (1 - M( ))0} + (1 - k)o
U.= —c,( )+ «M( )E(m) kmYkm s (5)

where E,,,, denotes the expectation under the distribution of skill types among vacancies
in the economy. A worker chooses her intensity of search , which determines her cost of
searching, c( ) and the probability of being on the market, . Once on the market, the worker
meets a potential partner with a probability M( ), and the type of the vacancy she meets
depends on the distribution of vacancy productivity types in the economy. If, with probability
1 — M( ), the worker searches intensively, but does not meet a vacancy once on the market,

she does not produce and exits the market. If the worker searches with itensity of zero,



worker she meets depends on the distribution of actively searching types of workers. Since
the outside-market option of the vacancy is zero, whenever the vacancy encounters a potential

partner she matches for sure.

3 Optimal search intensity and market ine ciencies

In this section | derive the optimal search intensities in the social optimum and decentral-
ized equilibrium, which do not coincide in general due to uninternalized externalities in the

decentralized equilibrium.

3.1 Social Optimum

A social planner maximizes a laissez-fair Utilitarian welfare function - a sum of the expected

utilities of all participants in the economy per period, with respect to search intensities:
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Using (1), (2), (5), and (6), and re-arrangTf-91.21rge






worker can be written as

EwYim — (1= DEWEw)Yim = EwEoYim + EwYim — B EnYim!

A worker of high type (low type) receives a share of the expected per match output propor-
tional to the average ability of workers to create matches ( E,,E..,Y«), plus the di erence
(extra income (or loss) for the economy) between the generated output from a partnership
with this type of worker, EmY,.., and the output generated by the average partnership in
the economy, E,E,.,Y... Thus, a social planner considers both the ability of the worker to
create matches and the ability of the worker to favorably (or negatively) a ect the distribution
of skills among actively searching workers.

Similarly one can derive the socially optimal search intensities of vacancies:
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3.2 Decentralized equilibrium

A worker of type k maximizes her expected utility by choosing her privately optimal intensity

of search

rrtlsax Uk = — Cw( k) + kM( )E(m) kmykm
: (15)
sth. . >0;

where rC, = c,( ) is the personal cost of search, and B, = ,M( )E., inYr. IS the

personal bene t from search.
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The Kuhn-Tucker conditions with respect to , are'?

_C:u(~k:) + M(~)E<m,) km Y km < 0
>0 (16)

(_C:;;(~k) + M(~)E(m) ,\,,’myk’m)’"’k = O,

where =, and ~ denote the privately optimal search intensities and market tightness, in the
decentralized equilibrium. The worker takes as given the observed on the market probability
of meeting a vacancy, M( ), and does not internalize the externality she imposes on all actively
searching agents on the market by changing the equilibrium market tightness. Furthermore,
since a worker does not take into consideration how her behavior a ects the utility of a
vacancy, in her decision to increase her intensity of search she does not consider how she
a ects the distribution of productive skills of the actively searching workers in the economy.

In the decentralized equilibrium all types of workers search with strictly positive intensi-

ties. To see this note that ., #0 (even if ., =0), and because we assumed that y,,, >0,






rst discuss the feasibility of income taxes on imperfect labor markets with heterogeneous in
productivity workers and vacancies. Next, | use Pigou taxation to describe the externalities
that arise, assuming that the government can perfectly observe productivity types and can use
lump sum transfers as an instrument to return the generated revenue(or to raise the needed
net subsidy) from the Pigou tax. Last, | derive optimal income taxes that serve two purposes:
to decentralize the social optimum and raise a positive government revenue. In this last part,
I assume that the government does not observe productivity types and can not use lump sum
transfers.

In the income taxation literature a worker of type k (a vacancy of type m) varies her
labor supply (labor demand) in response to the imposed income tax. Similarly, in this model
the rst order conditions that determine search intensities can be interpreted as the labor
supply (labor demand) functions of the worker (vacancy) in the market equilibrium or social
optimum. By choosing her intensity of search, the worker actually chooses what proportion
of her one unit of labor to supply to the market. The government (the social planner) does
not observe the labor supply or the contracted wage rate. Instead, the social planner only
observes the total income received from a worker and can only use total income as a tax base.

Since a worker meets a low or a high type vacancy with certain probabilities, the payo
from a match is match-contingent and the government observes the income of a worker from
the match with the particular vacancy. Ideally we would expect the government to levy
match-based income taxes, and the worker to face some form of an expected tax, based on
her expected income. However, only expected after-tax income plays a role in private strategic
decisions, and in this version of the model, for simplicity | assume that the social planner
observes the expected income per period and uses expected income as a tax base. To see that
this is a plausible assumption observe rst that when high type worker does not pretend to
be a low type worker her expected income is ,M( )E.,Wg.,. When (and if) a high type
worker pretends to be a low type worker her expected income is ( Bomywim ) M()E .\Wg,, =

EEmywim |

E m i
Bmywim ) to receive the expected income of

L E(WL)me /

M()E.,W,,,, searching with an intensity (
low type . M( )E(,,L)WL,”B. The government then observes exactly two levels of expected
income for workers in the economy, ,M( )E.,,Wy,, and  M( )E.,W,,,, and can design
the tax schedule to o er only two tax levels: [, when the observed expected income is

«M()E(., Wy, and *, when the observed expected income is ,M( )E,.,W_,..

The feasibility of mcome taxes on expected income also depends on the information set

. 2, 2, 2, 2, 2, -
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shared by potential partners during the bargaining process: each side must perfectly observe
the tax rates used by the government on the match-based income of their partner. This
requires an employer to perfectly observe the search intensity of the worker she bargains
with. Delipalla and Keen (1992), as well as Boone and Bovenberg (2002), show that in
contrast to competitive labor markets, on imperfect labor markets ad valorem and speci ¢
taxes lead to di erent allocative e ects; tax incidence is shared only with an ad valorem tax

or with speci ¢ taxes on both workers and employers'4. Using speci c taxes, levied on each






market tightness in the presence of income taxes. One can similarly derive the rst order
conditions that determine the privately selected search intensities of vacancies in the presence

of taxes on expected revenue.

@ ’ |
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4.1 Characterizing externalities through Pigou taxes

Suppose the government, perfectly observes search intensities and uses a Pigou tax on expected
income of workers ( /; ), and a Pigou tax on expected revenue of vacancies ( J; ). Lump

sum transfers are an available to the government instrument and the collected revenue (or

raised subsidy) R, from the Pigou tax, is returned to all parties via a lump sum, LS:

HIH 2 LIL VHqH VLqL
R = DM = aWy +=— Jw,+ g ot L
(2 DMO [0 s+ 25 s S0 e

O=N{|k+ Sl) LS;

where (3, DM( )=N is the number of matches in the economy in equilibrium.

The after tax expected utility of a worker of type k is

/

A .-
U, = —c, MO, +LS+(1— )z (24)

The lump sum, LS, enters the utility function of the worker additively and does not a ect

private behavior. The rst order condition of private optimization, with respect to intensity

19



of search, is



The intuition for the balanced government budget (see the proof to Proposition 5) is as
follows. With a CRS matching function, the output of the matches is exhausted exactly
in providing the correct marginal incentives to workers and vacancies; the tax policy only
redistributes income from agents with excessive bargaining power in the laissez fair market
equilibrium, to agents with not enough bargaining power. With decreasing returns to scale
agents are on average over-rewarded in the laissez fair market equilibrium, and Pigou taxation
generates positive revenue, which can be transfered back to workers and vacancies without
distorting their search incentives. With increasing returns to scale agents are on average
under-rewarded in the laissez fair market equilibrium, because the partnership output is not
enough to reward the searching parties for their e orts in creating a match. In this case the
government runs a de cit, which can be nanced via the lump sum tax, LS, without distorting
incentives.

Note also that since low type agents are less desirable in the economy, the tax policy
forces them to subsidize the e orts of high type agents (g =0). With production functions
that generate minimal output when one of the partners is of low type, low type agents may

not be desirable in the economy at all. In this case all the income of low type agents is



y.. > 0, albeit very small, low type worker always searches with positive intensity in the
decentralized equilibrium, but is forced out of the market in the social optimum.

3
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4.2 Optimal income taxes with positive government revenue

In this section | study the optimal income tax schedule, which simultaneously raises revenue
and decentralizes the socially optimal search intensities. For this purpose I introduce a positive
government revenue requirement R, which nances the production of a public good?’.

The social planner chooses tax rates to maximize a Utilitarian welfare function
W = I{‘Iku" + {‘qu””l;
1 k m I

a sum of the expected utilities of all participants in the economy per period.
Using (1), (2), (5), and (6), the de nitions w, = E_,.., wnYim: Z" = M()w,, . =
Eiw(@ — 4.)Yem, and z7 = vm@ .. from Section 4, and re-arranging, we can write the

welfare function as

Y ( ( Zk“ Y‘ / Z:L ,
W = \Ik —C, W + 40 0 + (Zk DM( ) E)Eqn)Yirm:
k k m 9 00m

where (3, DM( )=N is the number of matches in the economy in equilibrium.

If the revenue requirement is R, output accrues to workers, employers and government

R< (%, I)M(){ aln wy i o Vel Vil (30)
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whe\re G, DM( ) =M is the total number of matches. Using equation (30), in its strict
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equality form, the welfare function can be further expanded as
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Since the social planner does not observe search intensities, but only expected income/revenue,
the social planner chooses tax rates to maximize the utilitarian welfare function subject to a
revenue generation constraint, and subject to incentive compatibility constraints for workers
and vacancies. The incentive compatibility constraint is that the selected by a worker (va-
cancy), of a given productivity type, labor supply (labor demand) maximizes utility given
the tax function. The simplest way to proceed is to replace the self-selection constraints with
the rst order conditions for individual choice, (22) (see Cooter (1978), and Diamond (1998)
among others). The tax function must be such that it gives a higher utility to a high type
worker, when a high type worker self-selects to not mimic the behavior of a low type worker,
and a low type worker self-selects to not mimic the behavior of a high type worker. The
intuition for this result is that a high type worker can always achieve the expected income of

a low type worker by providing less labor than a low type worker.
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See the proof to Lemma 7 in the Appendix. Expanding , and substituting the rst order

conditions (22) into the welfare function, the maximization problem can be written as
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See the proof to Proposition 8 in the Appendix. The marginal cost of public funds de-
pends on both the government revenue requirement, through the average tax burden , and
the sensitivity of private behavior with respect to the rewards to search, through the average
level of elasticity of demand and supply of labor. In particular, the marginal cost of public
funds is increasing in the average tax burden and also increasing in the average of the demand
and supply elasticities. Intuitively, labor market behavior is more sensitive to taxation when
elasticities are large.

The marginal cost of public funds is unity i either demand or supply of labor is inelastic,
" =0 or "7 =0. In this case revenue generating taxation does not distort incentives. It is not
possible to say whether the marginal cost of funds approaches zero if the government revenue

requirement, , , approaches zero, by just considering equation (33). The equilibrium tax rates

s
are the rates that generate the government revenue. However, these rates are di erent from
the equilibrium tax rates in an economy where the search for partners does not generate
externalities. If the government revenue requirement is zero, the tax rates only control for the
externalities, and balance the government budget if the matching function, &, is of constant
returns to scale (see the proof to Proposition 5 in Appendix A). However, it is not clear
whether pure externality-controlling taxes set the marginal cost of funds to unity, when the
matching function is not characterized by constant returns to scale.

If demand elasticity is in nite, "7 = oo, as it would be with free entry of vacancies,
then demand elasticity does not appear explicitly in the marginal cost of funds function,
Intuitively it must be that income taxes are not distorting employers’ behavior. This is only
possible if the revenue generating taxes for employers are zero when ™" =oo, and revenue is

raised only by taxing workers. The externality correcting taxes for employers, however, must

still be in e ect so that employers face the correct search incentives.

LA a
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|
In this subsection | discuss the characteristics of the optimal income tax structure when the

government is raising revenue and is simultaneously correcting for search externalities. The
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marginal tax rate at some income level depends on the elasticity of supply/demand at this
income level (even if the skill level is not observed by the social planner), since this is important
for marginal distortions (see also Diamond (1998)). The rst order conditions to the social
planner’s problem reveal that (Proposition 11,), when the relative elasticity of supply of a
high type worker increases, the relative marginal tax rate of high type worker decreases.

Proposition 11 (below) also reveals that the optimal marginal tax schedule is such that the



The last two results discuss the externality-correcting components of the tax system. As
described in Proposition 5, there are two main uninternalized channels through which the
worker’s choice on intensity of search a ects vacancies: the rst is the e ectiveness of the
worker in favorably altering the distribution of productivity types of workers, faced by a va-
cancy; and, the second is the e ectiveness of workers in creating matches as measured by the

elasticity of the matching function,

¢ KL_H],F.; se 4 ,{cﬂ: s c‘: e Peere b,
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See the proof to Proposition 11 in the Appendix. Because more productive workers change
the distribution of productive skill among workers in a favorable for vacancies direction, the
externality correcting part of the optimal tax rates suggests a more regressive tax system (as
also suggested by Proposition 5). Whether the tax system is actually progressive or regressive
depends on the shape of the search intensity cost function (preferences), and on the shape
of the production function. The slower the search costs rise, and the larger the di erence
between the marginal contribution to a partnership by a high type and the marginal con-
tribution to a partnership by a low type, the more dominant the regressive component will
be.

Proposition 12 also suggests that the more e ective is a given side of the market in creating
matches, the more encouraged this side should be to participate. This result is in line with
Boone and Bovenberg (2002) and suggests that part of the tax should work to eliminate the

disparity between the bargaining power of an agent and her ability to create a match.

5 Conclusion

This paper develops a static model of search, where workers and vacancies of di erent pro-

ductivity types search and match to produce. In the process of search workers and vacancies

28



do not consider all the e ects from their search activity. This leads to ine cient levels of the
search intensities, and in particular, markets on which in equilibrium low productivity agents
are over-represented and high productivity agents are under-represented. | show that optimal
income taxes can be employed to correct for the arising ine ciencies in search and at he same
time raise a positive government revenue. The optimal income tax schedule is composed of
an externality controlling element and a revenue raising element. These elements usually
work in opposite directions, making it di cult to determine the optimal progressivity of the
optimal income tax system. To complete the analysis, a study on the e ects of the optimal
income tax schedule on equilibrium market tightness is necessary. This will shed more light

on equilibrium unemployment levels, and is considered as a next step in the analysis.
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Appendices:

A Proofs of the main results

Proof of Corollary 3.

First note that the vector of search intensities is unique for a given market tightness, ~. Sup-
pose there exists another equilibrium market tightness, = # ~. In particular suppose ~ > 7,
then (7)) > "), () =>"2(0), ¥4 (7)) <wvx ("), and v, (7,) <w.(7). However this means

that ~



To see the second result, write the revenue function dropping the assumption of CRS

matching function. For that purpose write 1 — =

-~

>
225 (L~ )EwEimYim =~ B = )Yl
(iLklg[ [(l - )E(k)E(m,)ykm, - E(m)(l - Lm)yLmr]
>
| + #4010~ A= NEwEonYin —Ew wn¥in]

> L
[ t% [(1 - (l - ))E(k)E(m)ykm - E(k-) kLykL] T

|
{
R = Ni|
|
|
|

’61?51 (A= JEWEw)Yim — By = mn)Yaml

S‘Lklfsz (- )EwWEwYim —Ewm(@ = 22)Yeml

L :% (A= DEWE)Yrm — Ewy wnYin]
+% (A= JEWEwYim —Ew we¥icl

|
!
= Ni|
|
|
|

R=N[1-(C + )]

The government budget exactly balances when the matching function is characterized by
constant returns to scale; a decreasing returns to scale matching function generates some rev-
enue that has to be redistributed, and increasing returns to scale matching function requires
the government to raise revenue to cover a net subsidy. If the encounter function takes other
functional forms the budget may not be balanced (for example the budget is not balanced for

the Leontief encounter function).O

Proof of Lemma 7.

In the presence of income taxes, the utility of a worker of type Kk is

Uk - Cwi’k) + kM( )(1 - kUJ)Wk

- _ Zl‘c‘ + (1 _ 'w)zw

“ MOw, .

The partial derivative of the utility function with respect to productivity w, is

/

TP TR T

ow,  "MOw.ew,  "M() w2 ew, o T S MO)w,

where the last equality follows from the Envelope Theorem. O
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Proof of Proposition 8.

In what follows | adopt the following notation: w, =E,,,W,,, =E(,., Y= IS the expected
pre-tax wage rate of a worker of type k=H;L; zx= ,M( )w, is the expected pre-tax income
of a worker of type k=H;L; ,=E, m=Ewnl— ..)Ywn IS the expected pre-tax pro t

rate of a vacancy of type m=H;L; and z~ =v,,



respectively. From the rst order conditions, for high and low type workers, for optimal

intensity of search in the market equilibrium, we have

/ /

TATOVNE. Y )[E(fﬂm(ﬂ}w B

zy  "u 2 | 4D D 4 1- -




The relevant conditions for low and high type vacancies are then

- -
w . | >
oy 1 Eo()+ i T (T
Zy "h - -
E (ﬁ\ _ d1p (1_._,%%\ + 97 ,M"w
dZE 1 — AR 1-77 mvq H/ 1-7% mvq H (46)
z; g 2 ’

where , =1+ E,"7,. Adding equation (45) to equation (46) we get

e drr
Ml ) el

; 47
Z - (47)
and similarly adding equation (43) to equation (44) we have
dzT "y e dTy
(ﬂ 1- )E<m>(7'"> Ew"y — E(k)( h ﬁ)
Ew, : (48)

w
Z; 1

From equations (47) and (48) one can express E<m)( \ and E(k)(dzk ) as a function of only

elasticities, tax rates, and tax rate changes

(ﬁ‘ (.- 1)E<k>("§$ 1d77'f )+ 1E<m>("fn 1{2’:;)

E. o _ 49
™ o T — (49)
£ (ﬂ _ 2E<k>(",’f 1d7¢ )+ 1)E<m>("fn 1627:1,) -
© e =T T — (50)

Substituting equation (49) in equations (43) and (44), and equation (50) in equations (45)
and (46) we derive the nal four equations that relate the change of each income/revenue

level to the changes in all tax rates:

oy dry " dT::]
dz:]’ 1 _ (1_ ) ( 2_1)E(k)( k 1— :‘“) + 1E(7n>< m1— T;")
ze " (a+_ 21 -
dri; L S dm Ly o)
(o oamD) Q- Yy (1e @ Yuly)
+ ( D ; (51)
1 1 2
oy dry (TP dT:,:
dzr 1 A=) Co-DE(rie) + B ()
zp "v (o —1) - -
(+ oD~ (1 )WHZ";;) - Yoy
+ ( ) 7 (52)
1 1 2
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nwy, dry’ we dT]
dZ}; 1 2E(k)( k 1;*;%) +( 1 1)E(7n)( mlj,r:;)

Zy "% (= 1) "
dr[ vLqL v drj; vLgL v
ot o)) oty - 0 (1 oury)
+ ; (53)
2( 1+ 2 1)
"y dr’ " dT:;L
dzr 1 2E<k)( k 1,%1:) +( - 1)E(m>( ’”1*‘&2)
z7 "z 2( 1+ _‘1‘) ,‘
dr] v "o drf VHQH "
Lt oD gt () et
2( 1 + 2 1) ,

From conditions (51)-(54) we derive the nal forms of the partial derivatives of each in-

come/revenue level with respect to each tax rate.
’6 Ll w
dze 1 ome Q= )EETE-(Ca+ 2= 1)

dyzy 1- v+ .-l

6“’)6 l
H Hlg v _
dzy 1 17w~ ol p1=)

dwzy += , -1
H “L wl 2 (55)
€ Only vn
dzj 1 _ T~ ol #
d wzy 4= ,—1
e duly vr
dzp 1 _ 1—rg= ol -
d wzr i+ o,-1
-~
»
€L Oplp mw(q _
dzy 1 _1=rp T4l B(l=)
dpyzy 0 e
w "y “(1 — Oply mw _ + -1
dZLi: w ( ) Lol L (. 2 )
dpzy 1- p = o1
w3 (56)
€L Splp wr
o S T
d »zg, -1
el T splp v
dzp 1 _  1—rp el t
d pzp -1
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. |
€H  VHYH --w(l_ )

dzp 1 _ T~ vq
drzw -+ ,-1
EH _VHGH vw
dzfi - 1-7F V4 L( )
™ w -~
drzy 1+’ , — 1
I A (57)
dz; 1 _ " e~ G+ 2= 0)
drzy 1- /- -1
€H __VHYH "'x
dZZi :1—7'}_‘1 mvq L
d;zr o+, —1
-~
s”,v vLqr
<L L4grL "w
dz:} 1 _ 177' m Vg H(l_ )
drzy -+ ,-1
. L vLqr mw(q _
dzfi - 1-17  ,vq L(l )
d rzv -  + -1
Lo .3 (58)
. €L vLqr v«
dzHi :1—7-£r Lvqg H
d -z .+ 2—"?
" L wr VrqrL _ _
A e bl R
drzz 1- 1 -1

a __ a ; a ; a
¥ AR VS f - S frd ] }
Nl Ti edte eloip] o ’t—’éze i Vae
I next maximize the welfare function with respect to taxes, subject to the positive revenue
requirement and the self-selection constraints as discussed in text. The Lagrangian, as shown

in the text, can be written as

max W = I(— ( ‘ & )

e " MOw, M
,( z”‘ ,
+ uluC, M( )wy, + b, M( )WL VH(NW) VLqL‘M(e) J +R
VuQy V(.
. DM “ +# vy = x
(Ek)()[zk SR S I SR I vaqLL’

where is the marginal cost of funds. Denote

| | v \Y;
a= H'H + AN w and h= alu . + AL o

= EWy + —=—— W, o H L L
Zk) I " Zk: I vaq vaq
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dzy 1 ,,( o ,C,,( -y 1 dz
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Take the rst six rows from the above expression and re-arrange

ZLA o O R O] MO
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Further this can be rearranged as

|' -~ -~ -~ -~ -~ -~ -~ -~ -|
| | | |
, > > > > 3 > 1
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where the expectations with respect to s in the numerator have weights r% L"gq Frippdespippiphpdmipippdipiphpd



with respect to ¢’

-1

1 1
I

The elasticity is independent of , does not change for A, but decreases in : the elasticity

decreases for steeper cost functions.

a._ ] B B
Wi/, e2 c=A(T+ fwith >3, < ,/=A( T+ O,
r
¢'=AC( - P+ (-1 >0
. =24 B2
(-D72+ (-2
The elasticity does not depend on A but depends on , , and . The elasticity decreases in

the intensity of search

e" _ BH1=5( _ )2 <
@
Now suppose >3 and = —1. Then the elasticity decreases in . Further, one can show

that <l1for =3and =2,and >1for =2and =1.

_w _w
1 ;’HWH < 1—7/
€H

w
€L

Under the assumption w,, the numerator of equation (66) must be neg-

ative. However for (1 — »)w, < — )w, it must be that »>  and in the numerator of
equation (66) »w, > “w,. Next consider the term (E.., um [ —Eq. . 7). Since by as-
sumption ,,> ,yand ,,> ., thenitiseasytoshowthat(E.., um Z—Ewm) om = >0).
However this is a contradiction to the fact that the ratio (66) is positive. Then it must be

that in the social optimum with income taxes (1— »)w,>({1— “)w,, x> ,,and ™ <"v O

Proof of Proposition 11.

The rst part of the proposition follows immediately from equation (65). To see the second
result rst note that we want to derive the distribution of the tax burden between workers
and employers. Then, the productivity skill is not relevant for this comparison, and we can
collapse the rst order conditions (60)-(63) to describe a market where the distributions of
productivity skill on each side of the market collapse to a constant. The relevant rst order
conditions in such a market are only two, one that determines the optimal tax rate to a

worker, and one that determines the optimal tax rate to a vacancy. Dropping all subscripts
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and expectation operators from equations (60) and (61) these conditions are

1_ w

w

(.+ .- Q)

w+ (w*+ "—(1- )R)| =

=(1-)[a- w+ (wm+ (12— )R™)]



and (68), and in particular condition (69), derived in Proposition 11. The second part of
Proposition 12 follows immediately by noting that the higher is the contribution of a vacancy
in creating a match, as measured by the elasticity (1 — ), (1 — )= 1, the higher is the tax

burden on workers as measured by the tax rate, = * |.O
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