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i INTRODUCTION

Current unemployment is at unacceptably high levels for both the
segment of the population concerned and policy-makers in most industrialised
countries. The causes of the rise in world-wide unemployment are usually
attributed to the severe supply shocks in the 1970s (the sharp increase
in oil and other raw material prices), the associated redistribution of
income from countries with high propensities to spend to countries with
low propensities to spend, inadequate poticy responses and rigidities in
industrial economies responsible for slow adjustment to a different
environment1. Rigidities seem to be more severe for the countries of the
EEC than for Japan and the US and unemployment in conseguence has risen
more sharply in the EEC. The main rigidity can be seen in the high growth
of real wages. Instead of attenuating the supply shocks through moderate
wage increases the effects of these shocks have been accentuated. An
approximate empirical measure for these effects is provided by the sharp
increase of the share of labour income in Gross Domestic Product in EEC
countries2 which, however, is an underestimate since firms have responded

by reducing employment to improve productivity.

In such situations economies risk entering a2 vicious circte. High
real wage growth leads to higher unemployment requiring higher unemployment
compensation payments which in turn increase public sector deficits. To
stem the rise in those deficits several countries have increased direct
or indirect taxation, the incidence of which falls at least partly on the
corporate sector and induces & further downward adjustment of investment
and employment.

The problems we face now are thus to a large extent due to the
failure of the evolution of wages to correspond to changes in the economic
environment. If this environment were to become more favourable again

employment would improve automatically. However, the view is now’

Tsee, for example, OECO (1982) and Sachs (1979)

2OECD (1982)> and Steinherr (1982)




widespread that at least for the short-run no dramatic improvement of
the world business cycle can be expected, so that measures aimed at

reducing unemployment are urgently required.

One obvious solution would be provided by reai wage reductions.
However, short-run employment elasticities for EEC countries in the range
from - 0,4 to - ,8 suggest that real wage costs would have to be
substantial for major employment creation3. Feasibility of this option
is therefore severely limited and, from a distributional point of view,

also quite unattractive.

Other specific proposals have been made recently such as a shortening
of working hours or a redistribution of unemployment through increased
part-time employment contracts4. While the efficiency implications of
such proposals are uncertain they also have the drawback of redistributing
the incidence of unemployment rather than increasing employment possibilities.
Furthermore, while these proposals are ad hoc for the current recession

they create increased rigidities for a potential upswing in the future.

Constraints on demand policies in the form of already high govern~
ment budget deficits maintained for many years, combined with doubts about
the effectiveness of demand stimutation even if it were feasible, make it
unlikely that demand policies will serve to reduce substantially unemployment.
Supporters of supply-oriented policies are suggesting measures that
increase profitability in the private sector and ultimately lead to
increased demand for labour. Such measures comprise decreased profit
taxes, accelerated depreciation allowances or other forms of investment
subsidies. Most of these measures have at best a limited immediate effect

on employment or only an indirect and delayed effects. For example,

3
See OECD (1982)
4Dréze (1979

5Tbis argument is also in line with the principle of optimal subsidies
due to Bhagwati and Ramaswami (1963). B8y implication, tariff
protection would also be a sub-optimal measure for employment stimulation.
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reduced taxes on corporate profits affect employment only if higher

profits lead to higher investments. Similarly, direct investment

subsidies may not create any additional net employment, if the substitution
effect dominates6. At any rate since investment ptans require time for
realisation employments effects if they exist will not be felt significantly

in the short~run7.

Some economists and policy~makers have turned their attention to
policies of direct subsidisation of employment. A general wage cost
subsidy such as for example fiscalisation of employers' social security
contribution s debated in some EEC countriess. Such a policy would tend
to decrease the effective wage cost of firms and the effects on Llabour
demand would therefore be comparable to a reduction in real wage rates.
However, the disadvantage of a general subsidy is that the magnitude of
decreasing average wage costs is necessarily severely restricted, given
current government budget constraints. We would also argue that general
wage subsidisation is not necessary. As Layard and Nicketl (1980) point
out the main effect of a general subsidy is on prices. But since prices
cannot fall below the average cost of the marginal firm, the effect of any
subsidy on prices is necessarily limited. The major result of a general
subsidy is therefore an increase in intra-marginal profits with only a
Limited impact on employment., A marginat employment subsidy (MES) has
a much larger effect on marginal cost than a general subsidy costing the
same amount and the impact on employment can therefore be substantial,
as is perhaps most easily seen for an open economy with prices for tradeable
goods targely determined on world markets.

6Kessetman et al (1977) estimate cost functions for US manufacturing
and find that capital and white collar workers are complements, while
blue coliar workers and capital are substitutes. Thus investment
incentives favour employment of white collar workers and adversely
affect employment of blue collar workers.

7The empirical work by Nadiri and Rosen (1969) suggests that firms
adjust labour more guickly than capital.

8General wage subsidies on a macroeconomic scale were first proposed by
Kaldor (1936). Borts (1966) also has proven that with wage rigidities
a wage subsidy is superior to output or capital subsidisation.




In the short=run an MES will have the effect of stimulating hiring
of the firm. This tends to increase the marginal product of capital and
hence investment can also be expected to increase with some delay. Since
the MES lowers the effective marginal cost of labour relative to capital
the capital labour ratio is expected to be lower under a subsidisation
scheme than without. This decline of the capital-labour ratio cannot
however be considered as the result of a distortion. In fact, it may
correct existing distortions which result from capital subsidisation schemes

in applicationg.

Since hiring and investing involve usually frictional costs in
addition to rental costs one would expect that a short-run subsidy programme
would be less efficient than a longer run programme. Adjustment costs and
the duration of the programme {or the Likelihood of its maintenance) are

therefore essential characteristics for the analysis of such a programme.

Administration of MES raises of course some practical difficulties.
while subsidies could be made specific for certain skill groups or employ~
ment in particularly depressed areas we shatl copsider in this paper an
MES provided for the entire net increase in employment, taking as bench-
mark employment at a given time before announcement of the subsidy
programme. This implies, of course, that jobs that would have been created
without the subsidy would also receive it, If net employment creation in
all industries is small (or negative) this aspect can be neglected. On
the other hand, if empioyment creation is important in some sectors of the
economy then it might be preferable to limit the subsidy to sectors
where employment is declining. At any rate the subsidisation scheme
should be kept administratively as simple and neutral as possible in order
not to_share the inefficiency, opaqueness and contradictions of existing

investment subsidisation schemes.

A further practical issue is the time horizon of the subsidy
programme. I1f the programme is very short=-lived then neither employment
nor investment will even temporarily be much stimulated if there are

adjustment costs in addition to rental payments. How long-lived the

9For an international comparison of capital subsidies see Kopits (1980).




programme ideally should be depends essentially on the time profite of

the general business cycle. If the economic environment remained

stationary forever (but real wages still remained above the level consistent
with full employment!) then the employment subsidy might best be permanent.
0f course, given the skili=-structure of the unemployed and the skills
demanded by firms it might not be possible with any general, as opposed

to skill specific, policy to create jobs for atl. The target for the
subsidy policy is therefore to reduce unemployment to a level considered

as "normat’.

Layard and Nickell (1980) analyse MES within a Keynesian framework.
Their main conclusion is that the budget deficit cost per additional job
is less for the MES than for an increase in government expenditure, and that
the balance of payments and price level effects are always movxe favourable.
Holmlund (1978) uses an inter—temporal maximisation modet for the
competitive firm and alternatively for a dynamic monopsony in the Labour
market. He shows that a pure hiring subsidy always increases the

equilibrium capital and employment levels.

8oth papers fail to impose a financial constraint on the subsidisation
policy. Layard and Nickell follow standard Keynesian procedures atlowing
government budget deficits to increase without any feedback on agents'
expectations about future tax Liabilities. Holmlund also neglects any
government budget constraint which is justified by his focus on a single
firm. The subsidy he analyses is also a very special one where firas

receive once and for all a certain amount per hiring.

The approach taken in this paper uses an intertemporal maximisation
model for a representative firm. Subsidies are paid for each additional
hiring forever, that is each period, but there js an increasing probability
over time that the programme will be discontinued. Furthermore, we
introduce finance constraints on the MES and the representative firm takes
into account its share of future tax liabilities. This essentially
makes it more difficutt for the subsidy to stimulate employment than in
a partial equilibrium framework or in the Keynesian framework without a
budget constraint.




section II serves to lay foundations and presents the model.
section IIT contains an analysis of the MES under the constraint that the
initial government budget deficit cannot be exceeded. Section IV repeats
the anatysis under a more general constraint where government finances
deficits on external capital markets and where the cost of borrowing
is covered through taxes on firms. The analysis of Sections III and IV
is focused on the open sector of the economy which represents more than
half of EEC economies and on which fell the brunt of the decltine in
employment. To complete the investigation Section V analyses a closed

economy. Section VI summarises the main conc lusions of the paper.




11 THE FRAMEWORK

We first present the basic idea motivating this paper in a static

framework and then describe the model used for the analysis to follow.

Marginal employment subsidies in a static labour market

To motivate the analysis of MES we compare such subsidies with a ——
reduction in real wages in the simplest possible framework, the standard _}
static text-book representation of the labour market. We therefore
postulate a macroeconocmic demand function for tabour which is assumed a
non-negative function of the real wage rate. The capital stock, tax
structure and monetary conditions are assumed constant. In line with actual |
practice jn EEC countries the full employment target (L) is considered {
as exogenously given as the sum of current employment (No) pius unemploy- i

ment minus a correction for "normal' unemployment. Furthermore the reat

wage rate {(w/pP is taken as being fixed by lLabour unions. These are stark
assumptions but they capture the essential features of the problem. A

recapitulation is contained in Figure 1.

(wie),

Figure 1
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At the initial employment tevel NO gross domestic product (GDP) is
equal to the surface (a + b + ¢) with (b + ¢) representing labour income
and (a) non-labour income. A real wage reduction to (w/p)1 wouid create
fult employment and a higher GDP. HRowever, lsbour income, now equal to
(c + e), would falt in absolute terms with an inelastic labour demand curve

and non-labour income would very strongly increase absolutely and as a

proportion of GbP.




Consider now an MES for employment above NO, keeping real wages
constant. For labour demand to rise to full emptoyment the unit subsidy

must equal {g} - {%} . Employment and GDP are as with a wage reduction,
4

o
but tabour now receives (b + ¢ + d + e + f) and non-labour income is equal

to (@ # d). The area (d + f) represents the employment subsidy. Since

GDP is only (a + b + ¢ + e) gross factor incomes must be different from

net factor incomes. But it is to be noted that this is also the case in
initial equilibrium as the unemployed receive compensation. Suppose
therefore that unemployment compensation is financed with taxes levied on
non-tabour income and, furthermore, that unemployment compensation initially
exceeds the area (d + f). Then two conclusions follow: (i) the employ-
ment subsidy is feasible even under the constraint that the absolute tax
burden on non~labour income should not increase (the tax relative to income
would of coursedectine); (ii1) the share of non-tabour income in GOP would

rise since a/(b+c) is smaller than d/e.

Thus, with a real wage cut Labour income falls and non-lLabour income
rises substantially whereas with an MES Llabour
income rises in proportion of the employment increase while only the share
of tabour income fatls. If the tax incidence fell on labour income rather
than on non-labour income the analysis and the results would remain
unchanged. Differences would only arise if the tax incidence of unemploy-
ment payments were opposite to the one of employment subsidies.

g€ssentially two factors differentiate a wage cut policy from MES.
First, with a wage cut policy non-labour income not only gains (b + d)
but also saves taxes which finance the unemployed in the initial
equilibrium. By contrast, under the subsidy scheme non-labour income
would still be taxed in the new equilibrium to finance subsidies. Second,
a marginal employment subsidy extracts the intra-marginal revenue (b)
from non-tabour income. That is, labour and government together act Like
a monopolist "riding down" the demand curve which is of course the optimal

strategy for any monopolist when discrimination is feasible.

The questions we wish to analyse in this paper are: for a given
MES
(i) 1is employment necessarily rising?
(i1) can full employment be reached under different constraints on

subsidy payments?




(iii) what are the characteristics of the time path from initial employ-

ment to the new equilibrium employment?

(iv) how are the results affected when the duration of the subsidy
programme is either finite or stochastic? How do risk-attitudes

of employers affect the results?

~

(v) is there an optimal subsidy programme?

(vi) do the conctusions depend on whether the economy is open or closed
or, in other terms, do the conclusions depend on the degree of

openness of the economy?

Analysis of these questions reguires a dynamic general equilibrium
framework. To keep the analysis manageable we specify an extremely

simplified modet which captures however the features of interest to us.

The Model

We consider an economy with n identical firms. In the open economy f
firms are price-takers in their output market with the price given by the !
world market. They are also price~takers in factor markets, the price ;
of the capital good being m and the wage cost being w. The latter can be
viewed as being imposed by labour unions, Ffirms have a production
function Q(K, N) with non-increasing returns to scate, where K is the
capital stock and N the employment tevel of the firm at time t. We also
assume that investment (I} and hiring (A) give rise to adjustment costs

of the following form10:

a A2 a I2
(1) ¢CA, 1) = "o + 1 , with a_, a, >0,
5 - o’ 1t

2

The firm is assumed to maximise the present value of its profits streams
net of taxes (T) and subsidies (S). We consider an MES of the form:
2} § = s(N-N)

o

Subsidisation scheme (2) implies that any net hiring above initial

emplaoyment ND is subsidised at the rate s per worker as Llong as the policy

1OThe assumption of convex adjustment costs in A and I is standard in the

titerature. See for example Gould (1968).
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is in effect. Holmlund analyses an MES of the form S = s(A =kN) which v
amounts to subsidising new employment only at the moment of hiring. E
for k>0 onty hiring above the threshold level kN is subsidised. We shall
show that for k = 0 the two schemes for MES are technically equivalent,

crm——

but not in their incentive effects.

In generat, a firm cannot be certain that the subsidy wilt be provided //
forever. We postulate that at t = 0 there is a probabijlity path o(t) that _
the subsidy will be maintained at any moment in time t>o0. We assume that thisf
probability declines over time as follows:

(3) o(t) =g, + e - Et, with e>0; o<opag <o+ 6 <1

The firm seeks hiring policy A and investment I so as to maximise

4 v o= ITeTThY gt

where

(5) n = pQ(K,N)~wN-C{A,I} - ml +gs,

subject to the constraints ’

6) N=A-~gN

M K=1-6K,

and a constraint on the public sector deficit to be specified in Sections
2 and 3. In (4) r is the exogenous discount rate and ¥ a measure of risk
aversion (o<yg 1); in (6) and (7) q is the quit rate and &6 the rate of

capital depreciation.
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111 EMPLOYMENT SUBSIDIES CONSTRAINED BY INITIAL UNEMPLOYMENT COMPENSATION
EXPEND I TURES

We consider as starting point for our analysis a situation close
to one which can be observed in many economies: high tevels of unemployment
where the unemployed receive unemployment benefits expressed as a per=
centage of current wages for the employed. Given also the state of public
finance in those economies any new policy cught to respect the constraint ;
of not increasing further the government's budget deficit. In this
section we impose therefore this constraint in the following form: employ-)
ment subsidies at any point in time are not allowed to exceed the savings |
in unemployment benefits. With n identical firms this constraint can r

be writtent
(8 ns(N - N+ woll = )€ woll = N

or,

(8" sgwo,

where nN0 is the initial employment level for the economy, L is the

exogenously given full employment tevel, N is current employment, w is

the exogenous nominal wage rate, andq is the proportion of wages provided

as unemployment benefits. The LHS of (8) is the sum of subsidies and

unemployment benefits at time t which must not exceed initial unemployment

benefits on the RHS. This constraint coliapses to (8') which says simply

that the subsidy per worker must not exceed the unemptoyment benefit per

unemployed. Constraint (8') will actually not affect the optimisation

of the firm but only the intervention of the policymaker. J
The objective function in (4) being concave in the state and control

variables we only are concerned with the necessary conditions for an optimal

solution. Application of standard optimal control theory techm‘ques11

yields the necessary conditions

-1
I =cAn7- ¥
¥—1
(10) 2 = (Cp + my Y
1

See for example Arrow and Kurz (1970
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where A, is the present value of the shadow-price for labour, and A, the
present value of the shadow-price for capital. A, and X, are determined
by the differential equations

D A = 0+ @A = /[7pa
(12)  x, = (¢ + 8)x, = - pt
From (9) to (12) one obtains:

an 7" g a7 (T TRV Cpay - w0 ) x(w)’ ™ tay

as " o € vm = If e TRV -D twaor T~ v

point where the instantaneous marginal adjustment cost, converted to

Equation (13) says simply that at each instant labour is hired up to the”ﬁx\
utility losses (' 1(t)CA)just balances the discounted utility gains over |
i

all future time arising from the additional unit of employment. Eguation
e

(14) has a similar interpretation for investment.

Equilibrium solution

The equilibrium solution is characterised by12:

(13) pa

i

N (r + @ CA+w—-o°s

(16) pQK (r + 6) (CI +m.

These conditions show that risk attitudes do not affect the equilibrium
solution, only the dynamic paths. From (15) we see that the subsidy lowers
the effective marginal wage and thus an increase in the expected subsidy
has the same effect as a decrease in the wage rate. Differentiating
totally (15) and (16) yields:

a7 pQNNdN + pQNKdK ={(r+tq)C Aqu + dlw =g, 8)

A

121f an MES of the form S = s(A -~ kN) is used then condition (15) becomes

(1S"y pe, = (r + g} C, + w+ (k- -q)s and (16) remains unchanged. For
s to have a positive effect on employment the condition k < r + g must

be met. If k = 0 then (15) and (15') are identical since a subsidy of one
dotlar paid once and for all at the time of hiring is equal to a continuous
subsidy stream of (r + q) dotlars. However, when the once and for all
subsidy is received there is no incentive to maintain employment when

k = 0. oOn the other hand, for k > o (15') implies a lower effect of
subsidies on employment than (15),
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(18) dN + pQ,  dK = (r + 8) C 60K

PRy

KK II
Using CAA =a, and CII = a we obtain:
' - - y = -
ary / DQNN (r + @ aoq_:ﬂN + pQNKdK dlw - g, 52
1 - - 7 =
(18') pay, dN + /TpQ, = (r + 8)a,6. 7 = 0.
Hence
(19 __dn = 1 /Py, = (¢ + 8)6a, J<0
d(u~g, s A
(200  dK =1 (-pQNK) <0
dlu-gs) A
where

13

- _ == _ - . 2, 2
A=/ pQKK (r + d)a16_/£pQNN (r + q)aoq_/ p >0 (assumed)

QNK

Thus we see that an increase in employment subsidies increases both:
equilibrium employment and the equilibrium capital stock. _,//

A question of considerable interest is whether any feasible subsidy/)
will. steer the economy to full employment equilibrium. We consider the i
least favorable case where the capital stock remains constant: if full l
emptoyment can be reached with this condition then it is also reachable \\
and even much more easily when capital adjusts, With K fixed (19) can be ?
rewritten as: :

9" dN = 1
d (w0, s) pQNN-(r+q)aoq

Defining n as the elasticity of employment with respect to net wages we

obtain
19" n = dN (w*oos) = 1 W-g, S < 0.
d(w-g, s B pQNN-(Hq)aoq N
13& Q. >0 2 is a standard condition, which always holds for a Cobb-Dougtas
KK NN"NK ’

production function with non-increasing returns to scale. Adjustment
costs only drengthen this condition,




- 14 -

Hence
20y dN _ dlw - g, 8)
N W =0y S
From constraint (8) we need o,s{wa. With wages fixed, dlw =g, s) = - g ds

and if in the initial equilibrium s = 0 then g,dsgwa . Hence

dn

= e Lo -
N nwdsg na , or

(204

A
a

z|%

<

In European economies a ranges typically between G,5 ~ 0,8, while
the unemployment rate is around 0,10. With a target unemployment rate
of 0,05 the most difficult policy case is therefore for « = 0,5 and a
desired increase in employment by 0,05. To reach this target, condition
(20') requires that - n 0,1. If in addition, the subsidy were onty
provided to the open sector of the economy then the share of the latter
in total employment becomes important. Taking 0,5 as a lower bound for
this share the labour demand elasticity would have to exceed 0,2 to
generate an increase of employment in the open sector by 10 percent, equatl
to a2 5 percent increase of economy-wide employment. Except for the very
short=-run -n = 0,2 can safely be considered as a lower bound on empirical
labour demand elasticities so that employment subsidies should tead the
economy to fuil employment over the short to medium run.

dynamics
The eigenvalues for the subsystem (N, A) are (see equation (4)

in the Technicat Appendix):
Q1 py, P = r+d

-7 8
2
where A = ¢ +4|_ q(r + &:1)30 + pIQN‘J

2 2.2
l.ad+(1 - 1)a0 g N°/n

and with all quantities evatuated at equitibrium,

Clearly, p, >0 and p,<0 so that the equilibrium displays Llocally
saddle-point behaviour with the stable arms of the saddle forming the unique
optimal path. The absolute value of the negative rootp, is the speed
with which the optimal path locally approaches equilibrium.

It is now of interest to determine how parametric changes, in

particular of v, g, s affect the speed of adjustment. The derivatives of p,




- 15 =

with respect to ¥, o and s are given by (5) in the Technical Appendix.
They have the following signs:

w, dal o

ds *

@2) dlp, | dlp, |
dy >0, d:

Increased risk aversion as measured by a decline of ¥ Leads to a
lower speed of adjustment. Thus, whereas final equilibrium is independent
of the degree of risk aversion dynamic adjustment does depend on risk
attitudes. The analysis confirms the intuition that risk aversion leads
to a lower employment response to wage subsidies over the adjus:- i
paths.

While the equilibrium analysis has shown that an increase in " os

LN PR IR S R

. : .ywe~  level such an increase tends
to reduce the speed of adjustment to equilibrium. The reason for this
trade~off pattern will become clearer in the discussion of the jmpact

effects to which we now turn.

The optimal time paths for N and A obtained by Linearisation
around the equilibrium (N, N are given by equations (8) and (9) in the

Technical Appendix and are reproduced as:
(23> N(ty = § + O N> exp (p, t)

(24)  ACt) = A + W, - N> (q +6p) exp ( pyt).

We first consider a change in 7y and its effect on the time path.
As v increases p, increases in absolute value. This implies that for any
t, employment N{(t) is increased. The effect on A is more complex: for
t = 0,A jumps to a higher value A(D) and moves at a higher speed. Given
that in final equitibrium A is independent of & this implies that
eventually the time path under less risk aversion is closer to equilibrium
for any value t2t. These facts are depicted in Figures 2a and 2b for

the case N0<§ which concerns us.
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(a)

Figure 2

From (23) and (24) it can be seen that a change in y Leaves N(0)
unaffected but A(0) shifts in proportion to ¥, that is, lower risk aversion
implies a stronger initial hiring response. However, since final
equilibrium is independent of y the hiring response after some time is bound

to falt below the one obtained with higher risk aversion.

We now turn to analysing the effect of changes in 6s on the dynamic
path. These effects are most clearly seen by viewing the dynamic optimat
path in the (N, A) phase-plane. This path is Labelled PP in Figure 3.,
passes through the point (ﬁ, A lying on the Line N=C and has stope
(see equation (11) of the Technical Appendix):

@5  dn =1
dA  qtp,
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Figure 3

>

The effect of an increase in gs is %o move N and A upward along the R=0

curve, Thus the optimal path PP moves to the right as depicted in

Figure 4.
N ¢
P%‘
FE-NF - — — -
|
|
Figure 4 Nop —— —~— I._.,., ...:_,_ ; Fak
NP [
[ ' y
] |

i
A.@-s)o A, (G's)* A oSy




It is clear from Figure 4 that the stronger the increase in as
the targer will be the jump in hiring at time 0. It is easy to verify
that a decrease in o decreases g, in absolute value and hence increases
the slope of the adjustment path P*xPx. Therefore the initial jump in
hiring will be smatler with higher risk aversion,
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1V FISCAL DEFICITS FINANCED ON EXTERNAL CAPITAL MARKETS

In Section III an arbitrary, albeit empiricaily highly relevant
constraint was imposed on the availability of funds for employment
subsidies. In this section a more gehera{ constraint is introduced. More
precisely, the government is assumed able to finance any fiscal deficit
by borrowing on international capital markets at a given interest rate r.
Furthermore it is assumed that Loans have to be repaid at the rate f.

The evolution of the foreign debt (F) can then be written:

(26) F = nos(N - N+ walt - ht) - fF.

The cost of foreign borrowing, consisting of interest payment and
repayment of the principal is supposed to be borne by firms. This
assumption is made in order not to create a fiscal deficit whose financing
oceurs outside of the modet. Of course, one could also envisage the
case where consumers or workers are taxed in order to cover the cost of
foreign borrowing but this raises the question whether unions base their
wage claims on gross wages or on wages after taxes. 1In the latter case
a tax on wages would simply be rolled over to a higher real wage rate.

In the former case one could, of course, envisage that unit wage costs
remain constant but that real income of wage earners declines as a consequence
of the tax.

We specify therefore several hypotheses concerning financing of
the foreign debt. The first hypothesis is that the tax is imposed on
firms where the tax on the representative firm equals:

27y T = (r + f}F/n,

Equations (26) and (27) imply that the firm takes into account the
fact that the other n - 1 firms behave in exactly the same way as itself.
If we wish to retain the case where firms behave only according to price

information, i.e., as a competitive firm, then (26) has to be rewritten:

(26" F = os(N = N + watk =~ Ny - fF.
o] n
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(26') has the following interpretation. The firm calculates its
share for the evolution of the foreign debt. When it considersa change
in its employment level it only takes into account the effect of its
own change in employment on foreign debt and not the fact that (n - 1) other
firms may do exactly the same.

The third hypothesis for our analysis embodies the possibility that
taxes fall on other agents than the firm. For example, they are imposed
on wage earnings and for definiteness and simplicity we assume, in

addition that wages do not change inconsequence.

We now analyse these three cases in turn.

Analysis of three cases of tax incidence

Case 1

Here profits are redefined as:

(28) m = pQ(K, N) = wN = C(A, I} - mIl + os(N - No) -T,
where T is defined in (27).

Maximisation of ':e -~ rt“adt subject to
(6 §=A - gN

(7 Kk =1-~6K

(26) F =

nos(N - No) + wa(L-nN) -~ fF

yields the first-order conditions:

(29> 5

H
2
=
-3

1
=
a
-
i
-
o~
2
+
3
2

(30) 1,

and the differential equations:

Gy A - (e # q)x,‘ - EY.K‘Y' B 1“N + A, nlas = wai]
(32) A - (r+ DX =’ T e+ D0

(33) A, - (r + &M,

an - 1pQK.
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Equilibrium values are determined by:

(r +q) C

{34) pQN + (1 - adw

A
(35) pg

K = (r +8) (C1 +m

-}

(36) F =1 E\UOS(N SN+ uelL - nN)] .

As can be seen from (34) the subsidy has no effect on final equi-
librium employment. In the Technical Appendix the solutions for N(t),
ACt) and F(t) (equations (19) =~ (21)) show that, in fact, employment andf
foreign borrowing always remain at their initial equilibrium levels. The
reason for the inefficacy of the subsidy is quite simple: as can be seen%
from (36} firms in initial equitibrium balance the marginal product of %
labour with its marginal cost from which the savings of tax liabilities |
due to a unit decrease in unemployment are deducted. When they are %
offered a subsidy they realise that over time they have to pay for it X
to cover the cost of borrowing: the present value of a unit subsidy i
exactly equals the present value of the increase in future taxes. The E
jnefficacy of the subsidy is therefore due to the combination of a severe }
finance constraint with the fact that each firm knows that all other firms%
behave jdentically. This assumption corresponds therefore more closely
to a monopolised than to a competitive market. The next case considers ;

i
a competitive market, {

Case 2

Here we maximize as in case 1 but replace constraint (26) by (26').

From similar calculations the equilibrium conditions are given by:

= S PR X
G pay = (r+ @ €, + (- Dy~ (- Digs
(38) pQK = (r + 6)(CI + m
(B39 F=1 gsN-N) +uak- N -

f o o n

The implication of (39) is that while foreign debt is nf the
representative firm only perceives the foreign debt due to its own




1
[
e

i

contribution. Condition (37) collapses to the result obtained in case

if n = 1: the subsidy has no effect on equilibrium employment. By contrast
if n were very large then the equilibrium result is identical to the one
obtained in Section III, The reason why the subsidy affects equilibrium
employment and capital stock for N>t is the following. When the firm

hires an additional worker it receives in equitibrium an expected

subsidy o, s. Tax Lliabilities increase by gys - wa but the fiem only bas

to pay%(u,,s - wa.

In the Technical Appendix a dynamic analysis similar to the one
in Section III is carried out. For ¥<1 the analysis is intractable so
we focus on the special case ¥ = 1. For ¥ = 1 the eigenvalues of the

differential equation system (N, A, F Ay) are:

r - A r o+ A
40 91 =_'ff Pz = e Pa =r+f, Pe = 2

where A is as defined in (21). Clearly, for f>o the equilibrium has
‘esired local saddle-point property1? As shown by equations (19) - (21>
.0 the Technical Appendix the speed of adjustment of N and A is determined
only by p,, while the adjustment of F and A, depends on both p, and p,.
Hence the dynamic paths for N and A have the same qualitative properties

with respect to changes in os as those analysed in Section III.
Case 3

1f the incidence of the cost of foreign debt falls on wage income
id w remains constant then neither constraint (26) nor tax liabilities
st anymore for tie firm; The case is then identical to the one
1alysed in Section III with the only difference that the upper limit

n the cubsidy payments exists no longer.

employment subsidies

So far the subsidy rate s has been treated as arbitrarily fixed

by government and we have analysed the effects of variations in that rate.

1"The case f = 0 gives rise to a different analysis since N would then be

directly determined from constraint (26) and independently of the
firm's optimizing behaviour.




We now consider the question whether there is, in fact, an optimal rate

s by which we mean the fotlowing. If the government offered to firms

the choice of s, under the various constraints layed out previousty,

does there exist a value of s that maximizes firms' profits? Technically,
s becomes an additional control variable in the firm's optimisation
problem.

In the analysis of case 1 we have seen that the subsidy has no
effect on the system, therefore the question whether there exists an

optimal value s is meaningless.

As we have already noted before when n is large case 2 and the case
considered in Section III have the common feature that in final equilibrium
employment depends positively on the vatue of s. This means that
government inits pursuit of full employment witl always set its optimal
s as high as permitted by the constraints, as long as s does not exceed
the value required for fuil employment.

1f the firm is to choose its preferred s will it similarly choose
s as high as possible so that we can be confident that as much employment
as possible will be created in full harmony between individual maximising

behaviour and the societat goal of achieving full employment?

The analysis is relegated to the Technical Appendix. There we ‘
show that in equilibrium firms wish to set s as high as possible (as the%
government would have wished to set s), so that the maximal effect on
equilibrium employment is assured. While we have not undertaken an
analysis of the time path of optimal subsidy the set-up of the maximisation
problem suggests the conjecture that s witl move as rapidly as possible
to its upper bound15.

15A bang~bang solution cannot occur due to the presence of adjustment

costs and risk aversion.
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V MARGINAL EMPLOYMENT SUBSIDIES IN THE CLOSED ECONOMY

We now analyse MES in an economy which does not exchange goods
with the rest of the world. By definition, this is the case for the
non-traded sector of an economy. Furthermore no international capital )

transactions can take place and we assume that the nominal rate of

in the present model prices become endogenous and therefore also the
real rates of interest r - p/p. \

N
\.

interest is maintained equal to the rate of time preference r. Howev;y,

The framework we now use can be described as follows. Ffor any
time paths of prices and subsidies, maximisation of real profits by
firms yields a supply schedule for goods or, equivalently, a demand
schedute for investment. Similarly, for any time paths of prices and :
subsidies utility maximisation by workers yields a demand schedule forb
goods or equivalently, a supply schedule for savings. Equilibrium
in the goods market requires aggregate investment to equal aggregate
savings. This equilibrium condition can be solved at any time t for
the equilibrium price p as a function of s.

The analysis is relegated to the Technical Appendix. Before
discussing the results some additional features of the model will be
described. The real wage remains fixed in this model but, to close the {

!
system, it is assumed that subsidies are paid with taxes imposed on |

workers. Expected income for any worker can then be derjved as fotLowsf
We first assume that the probability of being unemployed is uniform \

for each member of the labour force and for each t: @ = N/L js the

unemployed. If a worker is unemployed he receives a real unemployment

1
4
probability of being employed and (1 ~ w) is the probability of being ]
f
: . i
compensation aw; if he is employed he receives a real salary w. !

Expected real income of a member of the labour force is then
41y y=ww+ (1 ~ waw =~ s{N -NO)/L + nrv/pL

-1 MY _ i
T [FN + aw(L - N)-s(N No) + anlé]

where unemployment compensation and subsidies are assumed adjusted for




inflation. Capital accumulation is financed with workers' savings and |
the monetary value of a firm's capital stock is V. Expected income f
identicatly equals the sum of expected consumption and savings.

Aggregation over the labour force yields:

(42) LCE + 1"9—)= W+ (L = N = SN = N )+ D.g.‘i

where ¥ = nV/L and E and W/p are, respectively, real consumption and

real savings. Savings can onty be invested in firms so that: \

. .
43 W=pp=td

p P
Thus, for any given price path firms are constrained by effective demand
of the labour force. If for any p investment demand exceeds savings
the price has to fatl, inducing an increase in the real rate of interest

and therefore a decline in desired aggregate investment and an increase

in desired aggregate savings. For example, when an MES is offered to

firms they tend to respond by hiring more Labour and install more capital /
to offer a higher output. To make this possible workers®' savings have

)
i
i
to increase. The real rate of interest therefore must rise implying that |

i
N

prices must fatl.

The formal model is set up in the Technical Appendix and yields
exactly the same equilibrium conditions for employment and the capital
stock as in eguations (15) and (16) of Section III. Hence, the effects
of a MES on equilibrium employment and capital stock in a closed
economy are identical to those in an open economy. The adjustment path

is however Llikely to be different.




|
I
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VI CONCLUSIONS

In this paper we analyse MES as a policy to generate more
employment. Unemployment in this paper is viewed as a disequilibrium
feature caused by rigid real wages rather than as an equilibrium
phenomenon in the spirit of Lucas (1981). For definiteness the economic
environment is taken as stationary and we determine the effects of
subsidies in that stationary environment and characterise the dynamic
path and the new equilibrium solution. 1f, in reality, the environment
were to improve in the future the subsidy could of course be partially
or totally discontinued.

Economic structure is often usefully characterised in terms of
traded (or open) and non-traded (or closed) sectors. We analyse both
cases in turn, assuming that the entire economy is open or, alternatively,
closed. The results we think are close approximations of the case where
one or the other sector receives the subsidy since casual empirical
observation suggests that the actual resource flows between sectors
is constrained by institutional and behavioural rigidities. Since the
results in both cases are qualitatively identical the overall effects

of subsidies provided to both sectors are approximated by their sum.

We find that the effectiveness of an MRS depends on a variety of
factors. First, the effects depend on the base on which the subsidy
operates. Second, a transitory subsidy will only have transitory
‘effects on employment. Third, the effectiveness of the subsidy depends \
on how it is financed. In the extreme case where the corporate sector I
is taxed to finance subsidies and where firms are identical, have full 4
knowtedge of the method of financing subsidies, and take into account the E

response of its replicas, the subsidy has no effect., 1In less extreme

cases a MRS is always stimulating employment. Fourth, while the equilibrium
effect of the subsidy is independent or risk attitudes, adjustment
paths are generally affected.

!
Whenever the subsidy affects employment we find that an optimal

1
subsidy exists and is equal to the maximum allowed by the finance

~.
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constraints. Moreover, the same rate is optimal for all parties
(government, firms, workers) involved. For some approximative empirical
magnitudes for EEC countries the subsidy would bring these economies \\\
to target (full) employment within the short and medium run if for that

;
time horjzon the etasticity of labour demand exceeds 0,1. \

To conclude we note some limitations of the analysis. Throughout
the paper the heroic assumption of identical firms and homogeneous labour
was maintained. If firms were diverse in their characteristics the
results of the analysis would certainly be modified but without specifying
the differences in firm characteristics it is difficult to say more. One
implication of diversity can however be noted from the analysis of cases
1 and 2 in Section IV. If firms are diverse ¢but still competitive) then
case 2 is more Likely to be applicable and the subsidy is more effective.

Finally, one would of course wish to abandon for some parts of the

economy the hypotheses of competitive behaviour, introduce different
skill categories for workers and model union behaviour. For example,

it is not a surprise that an MES has the same employment effects in a
closed as in an open economy as long as in both cases competitive i
behaviour prevails. One feature that may distinguish both sectors in th@
real wortd is a lower degree of competition in the closed economy (or
sector) and in this context one would expect differential effects of an !
MES. However, introduction of such features would complicate the analysis
considerably and our hopes for arriving at a firm theoretical characteri{ation
are not strong enough © engage in this adventure. We still believe that |

our analysis captures the most essential aspects of the guestions

raised in this paper and that the results are meaningful approximations.




K.J.
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Technical Appendix

Dynamic Analysis for Section 2

With the capital stock K held constant the optimal path for the

optimisation problem posed in Section 2 is governed by the two differential

equations
'8 N=A-gqgN,
. -1 ﬂNaOA
() A=0 {(r+)agh -~ mg + (I-y) —— (A - e},
where

2
aOA
¢ = ﬂo{l + (“Y) -—-‘"——“} >

and

Ty = PQy (w - v8).

The differential system (1), (2) has been obtained from equationms
(6), (9) and (11) of the main text.

The Jacobian matrix of the differential system (1), (2) is
found to be

I i
) 3= 6 (r+q)
where
8 = - {pQNN + (I-Y)(r+q)qaéA2/n}/¢

The eigenvalues of the matrix are readily calculated and are
r+ 4
@ ey
where

2 2
A% = x° + 4alr + Qag + plog /e > %

and all quantities are evaluated at equilibrium.
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It is readily found that

ale, 1 {aGr+q)ay + plQNNl}a(z, g*n?
(5.a) ol 7 >0,
Y S
dlp,l | 2(a(r+q)a, + plQNNl)qzag(l-\f)N N
(5.b) Jlosy = MY { P * pQNNN} s <0

and we have imposed Q > 0 as would be the case with a Cobb-Douglas
P NNN 2

production function for example.

The eigenvectors of J corresponding to P> by are respectively

1 1
6 v, = v, =
® ! a+p |7 2 q+p,

so that the general solution of the differential system (1), (2) in the

neighbourhood of the equilibrium (N, A) may be written

Pt Pyt
=B, V, e + nzvz e

N -
A_

7

=1 =2l

To pick out the stable arm of the local saddle point we choose the as yet
unspecified initial value AO so as to equgte B to zero (thus eliminating
the growing positive exponential term e 1 ), the known initial value N,
then determines B,. As a result of these calculgtions we find that the

time paths of N and A are given by

_ _ Pyt
(8) N(t) = N + (N; - N)e s
&) ACt) = &+ (N, -8 (q + pz)e"Zt '.
pot

Eliminating (No -N) e 2 between (8) and (9) we find that along
the optimal path N and A are related via

A A

10a N = (N - +

>

from which it immediately follows that the slope of the optimal path in the
(N, A) phase plane is
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. aN i
)y - = <0
dA q+g)2

The sign of (I1) follows observing that

A2 = r2 + 4rq + 4q2 + hplQNNl/ao + rz(!—Y)aoquzlﬂ > (r + Zq)2

so that
q+p, <0.

Impact Effects when Fiscal Deficits are TFinanced on External Capital Markets

For analytical tractability we consider the model of Section 3 with

K held constant. So we are considering the optimisation problem

(1) max fz e Tt 4 e

A
s.t.
(12) N=A-qN
(13) F = Eos(N - N+ was(;];— - N) - fF
where & = n for case 1 and £ = 1 for case 2.
The first order necessary conditions are
a9 A =vyale,

b

(15) A - (r+q)k§ -{y wy~1 g+ 125(0 - wo)} ,

ff

v 17 ) m

>
1

(16) (r+f)A2
Using (14) to turn (I5) into a differential equation for A we have
together with (12}, (13) and (16) a system of four non-linear differential
equation in N, A, F and 12. A local linear analysis of this system is only
tractable for the special case y = 1. 1In this case we find that the Jacobian

matrix of the differential system goverring the motion of N, A, F and 12 is
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B - q 1 o 0
- E{os - wo)
an  a=| - M Ja, (r+q) 0 ey
E(os - wa) 0 - £ 0
o} s} 0 (r+f£)

This matrix has eigenvalues (r+f), - f, Pys Py and so the differential
system for N, A, I and A2 exhibits local saddle point behaviour provided
£ > 0. The eigenvectors associated with the stable negative roots — f

and p, are respectively

asy | ° and a0
I E(os ~ wo) / (f + 0,)
0 0

Thus using the same procedure as used to arrive at the solutions

{8) and (9) for the model of Section 2 we find that

__ Pt
+ (NO - N)e

]
=1}

(19) N(e)

- — pzt
(200 A() =K+ (N, - B) (q + pyle

o WgMEesw, g (N DE(oswe)  pyt
+ {(FO-F) - —--~E:E;——— }e + __-(E16;7~—~— e

[}
o1

21 F(t)

In the case £ = n we know from the main text that the subsidy s
has no effect on N, hence N remains at the initial level NO and we see that

in this case N(t) = NO, A(t) = ¢q NO and F(t) = F,

For the second case § = 1, we know from the main text that N is
affected by s,in particular that N> NO’ We see by comparing (8), (9) with
(19), (20) that the qualitative effect of a change in s on the dynanic
paths of N and A are the same as in Section 2 at least for the special case
Yy = 1.
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Optimal Subsidy Scheme

Referring to the optimisation problem (11), (i2), (13) above s

now also becomes a control variable. Imposing on the subsidy s the

t)

inequality constraint
(22) aw - s > 0.

and appending this constraint to the Hamiltomian with the multiplier

~rt o
ue the necessary conditions become

en A=y lc,,

y¥-1

- u -
(24) E AZ = U(N_NO) ym s

{25) e TF plow - s) =0, e_rt u>0 ,\f t,

together with the differential equations

(26) ‘;‘1 - (r*q)kl = -y WY_I(PQN - w(i-o)) - %'—E%_—fﬁ%?l R

@1y - eBh, =y 1 @D/

We find that the equilibrium values of A, N and s are given by

(28) A = qN

ui{os ~ ow)

(29)  pQy = (r+q) €, + w(l-a) - » ‘"Y_IUO(N—N )
. 0

and

3 u
(30) (1 -2 = —,
n y-1 -
Y UO(N NO)

(l)without a constraint on s the optimisation leads to contradictions for
reasons which will be explained below. For convenience we reintroduce
the constraint already used in Section 2.
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We are considering the case § = l. It is clear from (30) that we must
have p > O in order to avoid the contradiction I - 1/n = 0, It then

follows from (25) that the inequality constraint is saturated so that
(31) s = ow
in equilibrium.

Combining (29), (30) and (3l) we find that the equilibrium level

of employment is given by
{32) pQN = (r+q)CA + w(l-1/n) - (I—l/n)qgw .

Notice that if we had not imposed any constraint on s (so that u =0
from the outset) then (30) would have become the contradiction I - 1/n = O.
It is this comtradiction which imposes on us mathematically the economically

sensible comstraint (22).

Finally notice that in the case £ = n when, as we know from the
wain text, the subsidy scheme cannot affect employment we see that (30)
can only be satisfied if u = 0. The equilibrium level of s is then inde-
terminate, a further reflection of the fact that no optimal subsidy scheme

exists in this case.

Employment Subsidies in the Closed Economy

Real profits of the representative firm which are assumed to be consumed
are given by
(39 7= QUGN - D) - Wil - aw(LN) + as(-Ng) - T
The stock of capital is owned by workers and its nominal value at time t

equals

(34) V(&) = S5 p(v) I(v)dv

-
where,for simplicity, the rate of capital depreciation § is set equal to
zero. Real interest payments by the firm equal rV/P and are received by

workers.
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For a given time path p and s the representative firm seeks

investment I and hiring 4 so us to maximize

a9 1 & T8 Y ge

subject to

(36) N = A~qN
(37 kK=t

(38) V= pI

Using A', AZ' A3 to denote respectively the shadow prices of labor,
real capital, and the nominal value of capital the necessary conditions

for the firm's problem may be written :

(39 A =y c,

-1
40) X +A3p=y7rY o

~1

(41) il - (r+q)A1 =~y ! (QN - w(l-g) + os)

“2) A, -y = -y nY"QK

43 Ay - ek =y 1 esp.
The consumer's problem for a given path of p and s amounts to
choosing real consumption E so as to maximize

ey 2T (@)

[¢]
where u is a concave utility function. Since the work-leisure ratio is
considered institutionally fixed the disutility of work or the utility

from unemployment are constants and therefore absent from the function u.

From (41) - (43) of the main text and defiring nominal wealth per

worker, as W = nV/L the income constraint on workers can be written :
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wN + aw(L-N) - s(N-NO)
L

(45) W =p{ }+ W - pE

where W represents nominal savings.

Letting n denote the consumer's shadow price for wealth W,the

necegsary conditions are
(46) np = u'(E)
(47) T -1 =-~m

Noting from (47) that N = 0 these two equations combine to yield the diffe~
rential equation determining the time path for real consumption E, which

is

(48) é=£ﬂiﬂ§
p u'(E) E

where ~Eu"(E)/u'(E) measures the relative risk aversion of consumers.

The representative firms' necessary conditions (39) - (43) imply a
demand for investment schedule dependent onr p and s, which can be aggregated
over n firms. The workers necessary condition (48) together with the income
constraint (45) imply a supply of savings schedule also dependent on p and
s, which can be aggregated over L workers, By equating the aggregate demand
for investment to the aggregate supply of savings at every point of time
we would obtain the differential equation determining the time path for p. We
do not explicitly write down this differential equation since the dynamics
of the model is rather complex. The equilibrium solution is however easily

obtained and is given by :
(49) Q= (x+a)Cy + w(l-a).~ gps

(0) g

r(l*CI)

(51) LE

whN + aw(L-N) —-GOAN—NO) + rnV/p .

We observe that (49) and (50) are independent of prices and identical to
(15) and (16) of Section 2 so that the equilibrium effects of the employ-
ment subsidy on employment and the capital stock are the same. Condition (46)
together with (51) determine the equilibrium level of consumption by workers

and the price level,




