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Abstract

A long run e¢ciency wage model with free entry and exit is proposed. It
is demonstrated that a balanced-budget substitution of employment taxes
for payroll taxes leads to a higher long run equilibrium level of employment.
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1. Introduction

In equilibrium models of unemployment, e.g. e€ciency wage models, the level of
unemployment generally depends on the level of taxes on labor (see e.g. Johnson
and Layard (1986) and Pisauro (1991)). Considering labor taxes levied on ..rms,
the tax authorities may choose between employment and payroll taxes where the
former is a head tax on the number of employees while the latter is a tax on the
cost of labor to ..rms. Pisauro (1991) has shown in a short run e®ciency wage
model that the incidence of employment and payroll taxes generally dicer and, in
particular, that employment taxes lead to less wage restraint than payroll taxes.
Extending his model to the long run by allowing for free entry and exit of ..rms
we go one step further and consider whether changes in the composition of labor
taxes, balancing the government budget, a=ect equilibrium unemployment in the
long run. Our results reveal that, perhaps somewhat surprisingly given the result

*The paper is part of the project ”"The Welfare State: Threats, Problems and Some Solu-
tions”, ..nanced by the Danish Social Science Research Council.
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versity of Aarhus, Building 350, DK 8000 Aarhus C, Denmark. e-mail: brasmussen@eco.aau.dk.



that payroll taxes lead to more wage restraint than employment taxes, that more
extensive use of employment taxes instead of payroll taxes, balancing the govern-
ment budget, increases the level of employment and decreases unemployment.

2. The Model

The model captures a small open economy consisting of a large number of com-
petitive ..rms producing a single tradable good whose price is ..xed from the world
market and normalized at unity. Labor acts as the only productive input.! The
government provides, in excess of bene..ts to the unemployed, an exogenously
given level of public goods ..nanced through employment and payroll taxes.? We
use a generalized version of the shirking models in Johnson and Layard (1986),
Moene (1995) and Pisauro (1991) where a ..rm makes a wage o=er to workers each
period in an in..nitely horizon framework. If the wage ozer is accepted the work-
ers choose how much ecort to provide. Exort cannot be costlessly observed but
the ..rm can, at a cost, monitor the ecort of its employees. The ..rm renews the
contract with a worker unless an unsatisfactory level of ecort has been observed.
The long run or steady-state equilibrium is characterized by free entry and exit
of ..rms to determine the long run equilibrium level of employment.

2.1. Households

Let there be H households in the economy. The representative household maxi-
mizes at time ¢ the expected present value of utility, V;,

V,=FE < / e““)Usds) , (2.1)
s=t

where r is the subjective discount rate, F is the expectations operator and U; is
the (instantaneous) utility function of a household?

U=U(m,1—e), (2.2)

LIt may seem rather strange to claim long run results in an economy without capital accu-
mulation. It is hard to see, however, how the presence of capital accumulation should intuence
the choice of the composition of labor taxes, holding the overall tax burden on labor constant.
Therefore, the omission of capital as a productive input is merely for simplicity.

2Since we only consider balanced-budget tax changes the assumption of exogenously given
level of public goods is innocuous.

3For simplicity, time subscripts are left out from now on whenever possible. Notice that
we implicitly assume that e = 1 is the maximum esort that can be provided. For an interior
solution e < 1 to apply, which we assume throughout the paper, just requires su€cient concavity
of the utility function with respect to income, see Pisauro (1991) for further details.



where m is labor income and e is ecort.* The utility function exhibits the standard

properties 2219 . (, ZUmle % > 0, % < 0, and

following Pisauro (1991) we assume weak separability between income and leisure,

implying that % = 0. The household chooses ecort to maximize the
expected present value of utility. Following Moene (1995) we assume that ..rms
can only observe ezort through costly monitoring, and if an unsatisfactory level
of eoort is observed the employment relationship is terminated. The probability
of continuation of the relationship, p = p(e), depends positively on the ecort
provided by the worker, p’(e) > 0, but at a decreasing rate, p”(e) < 0.° If employed
the household receives wage income m = w, while an unemployed household
receives unemployment bene..ts m = b ..nanced by the government through taxes
on labor.

Notice that

% =rE ( / e‘r(s_t)Usds) —~ EU =V — EU. (2.3)
s=t

such that by de..ning V¥ (V) as the value of V' for an employed (unemployed)

worker, respectively, we can state the asset equations of an employed and an

unemployed worker as®

rVE =U(w,1—¢€)+ (1—ple)) (VY = VF), (2.4)
and

rVU=U(@b,1)+¢ (VF-VY), (2.5)

where ) is the exit probability from unemployment determined in the long run
(steady-state) equilibrium by the fow condition that the fows into and out of
unemployment are equal. As a consequence, ¢ will depend, among other things,
positively on aggregate employment, N, ¢ = ¢ (N,-) with ¢y = % > 0
(see below). It follows implicitly from the speci..cation of the asset equations

that a worker who starts out being unemployed receive unemployment bene...ts, b,

4Utility obviously also depends on the level of the publicly provided good, g, but since that
level is kept ..xed throughout the analysis, g is suppressed in the utility function.

SThis is obviously a short cut to a full description of the behaviour of ..rms when ecort is
only observable at a cost. The full description would involve the amount of resources devoted
to monitoring and speci..cation of the wage contract to workers. Completing that description is
a topic for future research.

5Notice that we implicitly assume that all separations are due to workers being ..red when
monitored showing too little ecort. Exogenous quits could easily be incorporated into the model
without arecting the results.



whereafter he obtains a job with probability ) (V, -). Solving the asset equations
for V¥ we obtain

r+¢(N,)U(w,1—e)+ (1 —p(e)) U, 1)
r(1—ple)+r+¢(N,)) '
Maximizing V¥ with respect to e we get (after some simple manipulations)

VE = ( (2.6)

ple)(U(w,1—e)—U(b1)) aU(w,1—e)
L—ple)+r+o(N,)  d(1—e)

de..ning e implicitly as a function of w and N, e = e(w,N). Using 2.7 it is

straightforward to show that e, (w, N) = 2N - o ¢y (w, N) = 2 o g

=0, 2.7)

ow N
eww(w,N) = % < O and ewN(w’ N) = 828611(}’1(19)}\][\7) < 0
2.2. Firms

The production technology is the same in all periods (so time subscripts are left
out). Following Johnson and Layard (1986) we assume constant returns to labor
in the production function relating output, y, to the input of labor in eCciency
units, en

y = fen, (2.8)

where # > 0 is the (constant) marginal product of an e&ciency unit of labor
input. The ..rm is aware of the household incentive problem regarding the choice
of ecort, i.e. the ..rm knows the ezort function e = e (w, N). Pro..ts are’

IT = 0e(w,N)n —wn — tn — Twn,

where ¢ is the employment tax rate and 7 is the payroll tax rate. The ..rm sets
wages to maximize pro..ts taking into account how ezort, e, is acected by the
wage ocer. The ..rst-order condition reads

oIl
Of course, due to the assumption of constant returns to labor we cannot deter-
mine the equilibrium level of employment in a single ..rm, n, but only aggregate

employment N (which will be determined by a zero pro..t condition, see below).

"Notice the dicerence between aggregate employment, N, and employment in the represen-
tative ..rm, n, and that it is aggregate employment that intfuences ecort.



2.3. Government

The government collects employment and payroll taxes to cover the provision of
the publicly provided good, g, and the expenditures on unemployment bene..ts,
(H — N)b. Thus, the government budget constraint reads

g=T1wN +tN — (H — N)b. (2.10)

When changes in taxes are considered g is kept .xed, dg = 0, while 7 and ¢
are changed simultaneously to produce a constant net tax revenue, TwN + tN —
(H— N)b.

3. Equilibrium

Since all ..rms are equal we consider symmetric equilibria only. As a consequence,
all ..rms ozer the same wage and all workers provide the same level of ezort, im-
plying that we can treat equation 2.9 as an aggregate equilibrium wage condition.
Free entry and exit of ..rms in the long run allows aggregate employment, N, to
be determined by the zero pure pro..t condition of the representative ..rm,

II=0e(w,N)—w—t—7Tw=0. 3.1)

For the analysis to be of interest we assume that unemployment prevails in equi-
librium, i.e. N < H. Finally, to con..rm the claim made earlier regarding the
dependence of ¢» on N, notice that in long run (steady-state) equilibrium the
probability of leaving unemployment, ¢, will be determined by the fow condition
that the fows into and out of unemployment are equal:

(1-p(e)) N=9(H—-N), (3.2)
such that a () N
— W (N.e) = — 2 /77 3.3
=19 (N,e) TN (33)
with 24008 — —P@N () gnd 24N — (E;Ii(jv);f > 0 as claimed above.

Thus, to determine the long run equilibrium values of w and N we have the
two equilibrium conditions

Oep (W, N)—(14+7)=0 (3.4)
fe(w,N)—w(l+71)—t=0, (3.5)



de..ning (provided the determinant of the Jacobian is non-zero)® equilibrium levels
of w and N as functions of the tax rates:

w = w(t,T) (3.6)

N = N(t, 7). (3.7)

4. Tax Incidence

The long run equilibrium of the model de..nes wages and employment as functions
of employment and payroll taxes. The interesting aspect of the model is that the
incidence of the two labor taxes dizcers such that a balanced-budget substitution
of one tax for the other generally a=ects equilibrium employment in the long run.
Our main result is stated in the following proposition.

Proposition 4.1. Employment and payroll taxes are non-equivalent in long run
equilibrium. In particular, a balanced-budget substitution of the employment tax
for the payroll tax increases employment.

Proof. For given amount of the publicly provided good, dg = 0, the marginal
rate of substitution of the employment tax for the payroll tax is

) ON(t, 7 ow(t,
dr B Nt (writgb) 2R Nr2RD @
dt [ag=0 % wN 4 (wr + ¢+ b) LD 4 NrIeln)

Then, using the equilibrium conditions for w and N, equations 3.6 and 3.7, the
ecects on employment of a balanced-budget substitution of the employment tax
for the payroll tax is

ON(¢,1) ON(t,7) ON(t,T) dw(t,T) ON(t,7) w(t,T)
dN B N (w ot or ) + N7 ( ot or  or ot ) @2)
dt |dg—0 % ' '

or

Dicerentiating the equilibrium conditions 3.4 and 3.5 implicitly and solving for
the ecects on wages and employment yields

ow(t,7) ewn(w, N)

ot Beww(w, Ney(w, N) >0 (43)
ow(t,7)  Ow(t,T) 1 >

o "ot Bewnw M) < (44)

8The determinant of the Jacobian is equal to #2e,,., (w, N) ey (w, N) > 0.
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ON(t, 1) 1

ot Gen(wN) )
ON(t, ) ON(t, )
_ 4,
5 w o < 0, ( 6)
implying that
Nt

dN Oeww (w,N)en (w,N)
alV _ ; ’ 0 4.7
dt | dg=0 %Z - @D

for % > 0, i.e. when the economy is on the upward sloping part of the “net”
payroll tax Lacer curve. &

Notice, that the payroll tax provides better incentives for wage restraint than
the employment tax (cf. equation 4.4 where the second term is negative making
% < w%),9 which could lead to the expectation that more intensive use of
payroll taxes instead of employment taxes would increase equilibrium employment.
In e€ciency wage models, however, wage restraint does not necessarily lead to a
high level of employment since ecort also depends on wages. From equations 4.5
and 4.6 follows that the employment ecects of a unit increase in either of the two
taxes are the same, implying that it is in fact the wage moderating ecects of the
payroll tax leading to an erosion of the payroll tax base that accounts for the
superiority of the employment tax in terms of promoting employment. In other
words, the marginal rate of substitution of the employment tax for the payroll
tax (for given tax revenue) exceeds unity such that for a given increase in the
employment tax rate a relatively larger fall in the payroll tax rate is consistent
with a balanced government budget. Hence, the level of employment increases.

Another interpretation of the results is available from the recent literature on
the incidence of income taxation in labor markets with wage-setting agents where
it is generally found that, for a given average tax, the speci..cation of tax sched-
ules intuences wages and employment (see e.g. Malcomson and Sartor (1987) for
a wage bargaining model and Hoel (1990) for an e¢ciency wage model). The im-
portant implication of wage-setting behaviour in those models is that changes in
average or marginal income taxes acect incentives in wage formation very dizer-
ently, implying that it is the progressiveness of income taxation which matters for
wages and employment. A similar interpretation may be given for why employ-
ment and payroll taxes acect wage formation dicerently in our model. Since both
taxes are proportional to the level of employment while only payroll taxes depend
on the wage rate, the employment tax has a zero marginal tax rate with respect

9Pisauro (1991) obtains the same results regarding the ecects on wages of changes in employ-
ment and payroll taxes in a short run e¢ciency wage model. He does not, however, consider the
exects of simultaneous changes in the two taxes satisfying the government budget constraint.



to wages while the payroll tax has a positive marginal tax rate with respect to
wages. Therefore, the incidence of employment and payroll taxes will generally
dizer in e¢ciency wage models like ours, but somewhat surprisingly it is the tax
that leads to a wage hike that provides the better incentives for job creation.

Finally, our results is to some extent related to those in Albrecht and Vroman
(1996) who compare payroll taxation and experience rating in ..nancing unem-
ployment compensation in an e¢ciency wage model with heterogenous workers.
They conclude, on the basis of numerical solutions to their model, that experience
rating where ..rms contribute to the ..nance of expenditures on unemployment
compensation relative to their contributions to the pool of unemployed, leads
to less unemployment than ..nance of unemployment compensation by a general
payroll tax. Although our employment tax is not equivalent to experience rating,
especially not in a dynamic context since the employment tax is a tax on a stock
while experience rating is a tax on a fow, they are both less dependent on wages
than payroll taxation is.

5. Concluding Remarks

We have shown in a shirking e@ciency wage model that in the long run employ-
ment taxes provide better incentives for job creation than payroll taxes when the
same net tax revenue is generated. Since what matters for the non-equivalence of
employment and payroll taxes is the wage-setting aspect of the labor market, the
non-equivalence part of the result should generalize to other non-competitive labor
markets, like unionized labor markets with wage bargaining. However, it is not
clear whether the ranking of labor taxes in terms of their emects on employment
will generalize to other non-competitive labor markets.

References

[1] Albrecht, J.W. and S.B. Vroman (1996), "Unemployment Compensation Fi-
nance and E@ciency Wages”, Working Paper, Georgetown University.

[2] Hoel, M. (1990), "E¢ciency Wages and Income Taxes”, Journal of Economics,
51, 89-99.

[3] Johnson, G.E. and P.R.G. Layard (1986), ”The Natural Rate of Unemploy-
ment: Explanation and Policy”, in O. Ashenfelter and R. Layard, eds., Hand-
book of Labor Economics vol. 11, Elsevier Science Publishers, Amsterdam, 921-
999.



[4] Moene, K. (1995) ”Pay, Power and E=ort”, Unpublished Lecture Notes, Uni-
versity of Oslo.

[5] Pisauro, G. (1991) ”The Erect of Taxes on Labour in E€ciency Wage Models”,
Journal of Public Economics, 46, 329-345.



Working Paper

1996-9

1996-10

1996-11

1996-12

1996-13

1996-14

1997-1

1997-2

1997-3

1997-4

1997-5

1997-6

1997-7

1997-8

Peter Skott: The Crisis of Egalitarian Policy and the Promises of
Asset-Based Redistribution.

Per Svejstrup Hansen, Hans Peter Mgllgaard, Per Baltzer Overgaard
and Jan Rose Sgrensen: Asymmetric Adjustment in Menu Cost Duo-

poly.

Philipp J.H. Schroder: Reconsidering the Case for Monetary Ex-
change.

Per Svestrup Hansen: Quantitiy Adjustment Costs and Price Rigidity.

Robert F. Engle and Svend Hylleberg: Common Seasonal Features:
Global Unemployment.

Svend Hylleberg and Adrian R. Pagan: Seasonal Integration and the
Evolving Seasonals Model.

Tom Engsted, Jesus Gonzalo and Niels Haldrup: Testing for Multico-
integration.

Lykke E. Andersen: Modelling the Relationship between Government
Policy, Economic Growth, and Deforestation in the Brazilian Ama-
zon.

Alvaro Forteza: Overinsurance in the Welfare State.

Alvaro Forteza: Multiple Equilibria in the Welfare State with Costly
Policies.

Torben M. Andersen and Morten Stampe Christensen: Contract Re-
newal under Uncertainty.

Jan Rose Sgrensen: Do Trade Unions Actually Worsen Economic
Performance?

Luca Fanelli: Estimating Multi-Equational LQAC Models with 1(1)
Variables. aVAR Approach.

Bo Sandemann Rasmussen: Long Run Effects of Employment and
Payroll Taxesin an Efficiency Wage Model.



