A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

Meckl, Jurgen

Working Paper

Efficiency-wage unemployment and endogenous growth

Diskussionsbeitrdge - Serie I, No. 295

Provided in Cooperation with:

Department of Economics, University of Konstanz

Suggested Citation: Meckl, Jirgen (1999) : Efficiency-wage unemployment and endogenous growth,
Diskussionsbeitrdge - Serie I, No. 295, Universitat Konstanz, Fakultat fir Wirtschaftswissenschaften

und Statistik, Konstanz

This Version is available at:
https://hdl.handle.net/10419/68908

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/68908
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Universitat
Konstanz

LN L —

AT
|

I

Fakultat fur
Wirtschaftswissenschaften
und Statistik

0 6. AUG. 1999 \’let:\:!(iit:?chan

Q284 C295) 0}/&’

Jurgen Meckl

Efficiency-Wage Unemployment
and Endogenous Growth

ISt 822 W¥e
v 284 (295)

I

Diskussionsbeitrage

D-78457 Konstanz

Serie | — Nr. 295
Juni 1999



Efficiency-Wage Unemployment and
Endogenous Growth

Jirgen Meckl

Serie | — Nr. 295

Juni 1999



Efficiency—Wage Unemployment and
Endogenous Growth

Jurgen Meckl”

University of Konstanz

June 29, 1999

Abstract

This paper exa.mines/positive and normative implications of efficiency-wage
induced unemployment within a model of endogenous growth. Sector—
specific impacts of the wage rate on labor efficiency establish a correlation
between the growth rate and the rate of unemployment. The sign of this
correlation is shown to be given by the intersectoral wage differential. De-
spite the existence of unemployment, decisive positive properties of the
full-employment model are preserved. However, welfare implications of
the full-employment model may be reversed. The optimal policy can be

to reduce growth, while at the same time raising unemployment.
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1 Introduction

The slowdown in economic growth in the 1970s and early 1980s went hand in hand
with a persistent rise in unemployment rates in many industrialized countries.
Thus, it comes at no surprise that policies promoting economic growth are also
thought to be appropriate measures for reducing unemployment. Taking this
favorable effect for granted, growth-augmenting measures are widely judged as
beneficial for society. The present paper argues that this reasoning may be based
on two fallacies. First, from a positive point of view, it is by no means clear
whether augmenting economic growth actually lowers unemployment. Second,
from a normative perspective, policies promoting growth can reduce welfare even
if there is a negative correlation between growth and unemployment. The optimal
policy may well be a policy that hinders growth and at the same time drives up
unemployment. |

The theoretical interest in the examination of the growth—-unemployment trade
off is just in its infancy. Bean and Pissarides (1993), Aghion and Howitt (1994),
and Ramser (1997) cast doubts on the conjectured negative correlation between
growth and unemployment, doubts which are confirmed by the empirical results
in Bean and Pissarides (1993) and Caballero (1993). These theoretical analyses
are all based on the matching approach thus concentrating on search (frictional)
unemployment. But the matching approach can by no means be considered to
offer a fully comprehensive explanation of existing unemployment. Furthermore,
models based on the matching approach are not able to account for the stability of
non—competitive intersectoral wage differentials, a fact that has been emphasized__
in the empirical labor-market literature (cf. Kriiger and Summers 1988, Katz and
Summers 1989). The present paper draws on efficiency wages as an alternative
explanation of unemployment. The specific approach we employ is compatible
with stable intersectoral wage differentials. The theoretical analysis implies that,
in general, the correlation between the rate of growth and the rate of unemploy-
ment is ambiguous. More specifically, we show that the sign of this correlation is
related to the sign of the wage differentials. Thus, the actual correlation between
growth and unemployment can easily be substantiated by empirical examination.

Subsequently, we incorporate efficiency~wage unemployment into a model of
innovation-based growth along the lines of Romer (1990) and Grossman and Help-

man (1991). In this framework, growth is brought about by technical progress



taking the form of an expansion of product varieties that serve as intermediate
inputs in the production of final goods. Specifically, we employ a slightly modi-
fied version of the Romer model as presented in Barro and Sala—i-Martin (1995:
ch. 6). The efficiency~wage approach we use is an extension of Solow’s (1979)
model that has been developed in Albert and Meckl (1998, 1999). We assume
that labor productivity depends on the wage paid by the firm relative to average
labor income.across the economy. As argued by Albert and Meckl, a relation
between relative wages and productivity can be based on fairness considerations
affecting the motivation of workers. Given intersectoral differences in the wage—
productivity relation, we can explain both positive rates of unemployment and
stable intersectoral wage differentials while preserving decisive properties of the
original Romer approach. In particular, the dynamics of the model are shown to
be formally identical to the full-employment model. However, the welfare prop-
erties differ between the full-employment and the unemployment version of the
model. As we will show, policies have two effects on welfare which may counter-
act. First, there isa welfare gain of higher growth resulting from internalizing the
intertemporal spillover effects from innovation. This effect is well known from the
full-employment model (cf. Barro and Sala-i-Martin 1995: 229). Second, welfare
is affected by the change in aggregate employment. Aggregate employment af-
fects the utility of households via the disutility of effort and the disutility of being
unemployed. The relation between aggregate employment and these disutilities
will turn out to be ambiguous. This implies that a rise in aggregate employment
can actually lower welfare. Furthermore, since there are no restrictions concern-
ing the magnitude of the welfare impact from changes in aggregate employment;-
a welfare loss from changes in aggregate employment may well dominate the wel-
fare gain from higher growth. Hence, a policy promoting growth and aggregate
employment may lower aggregate welfare.

The present paper relates most closely to the line of research started by Van
Schaik and De Groot (1998) and Stadler (1998). These authors also develop
models of endogenous growth where efficiency-wage unemployment occurs be-
cause effort in a sector is positively related to the.relative wage of that sector.
However, both papers assume the existence of a sécondary labor market where
wages have no effect on labor productivity. In order to prevent labor market

clearing by this secondary market (as, e.g., in the dual-labor-market model of



Katz and Summers 1989), they assume that once workers accept employment
in the secondary labor market, they cannot apply for jobs in the primary labor
market any more. Consequently, these models do not explain involuntary un-
employment. Workers are unwilling to accept a reduction of secondary-sector
wages in order to become employed there. However, this behavior is completely
rational, since the expected wage in the primary sector equals the wage rate in
the secondary .sector. Another weakness of these models is that labor—although
homogeneous ez ante—is not homogeneous ez post. It follows that they cannot ex-
plain intersectoral wage differentials for homogeneous labor as they are observed
by empirical studies. Eventually, both models lack a correct microfoundation of
consumer behavior (cf. section 2, fn. 2) which makes a discussion of welfare ef-
fects impossible. The present paper overcomes these problems. Our explanation
of intersectoral wage differentials does not draw on a secondary labor market
where there is no incentive-wage problem, but from intersectoral differences in
the productivity-wage nexus. This allows us to preserve the homogeneity of labor
and to explain involuntaryl unemployment. Additionally, our analysis is based on
a fully microeconomically founded approach.

The paper is organized as follows. Section 2 presents the model and derives the
equilibrium rates of growth and unemployment. Positive and normative effects of
policies that have been suggested in the literature for promoting growth and/or

reducing unemployment are discussed in section 3. Section 4 concludes.

2 The model

2.1 Consumer sector

We assume that employed workers derive utility from consumption and disutility
from effort at work. Unemployed workers derive utility from consumption and
exert no effort. However, it is often argued that there is a disutility stemming
from the state of being unemployed as such (cf. Oswald 1997, Winkelmann and
Winkelmann 1998). We will account for this kind of disutility in our model.
The individual and aggregate labor supply is fixed; workers, if they are not
unemployed, can only adjust their effort. The basis of our version of efficiency
wages is the idea of Akerlof and Yellen (cf. Akerlof 1982, Akerlof and Yellen
1990) that firm and workers implicitly exchange gifts: If firms set higher wages



in relation to some reference wage, workers reciprocate with higher effort. The
source of this behavior is that workers respect a fairness norm. We assume that
the effort € required by the fairness norm depends on the employer’s wage offer
w and average labor income w.! Thus workers, in determining how much effort
is required by fairness considerations, compare their wage with the average labor
income in the economy, including the labor income of the unemployed. The latter
is assumed to be zero here. Average labor income then is
T wil

w:——L——’ ] (1)

where w; is the wage paid by firms in sector 7, L; is employment in that sector, and
L is total labor supply. We will refer to w as the reference wage. The reference
wage is equal to the expected labor income of a worker drawn randomly from
the population. Labor-market conditions affect the reference wage through the
proportion of workers receiving no labor income.

On a technical level, we assume .

The function ¢(w/w) is called the effort function. There is no clear economic
intuition concerning the properties of an effort function. At least for some relevant
range, any weakly increasing function seems acceptable. We will simplify matters
and assume that the effort function is affine:

e(w/®)=a+bw/w, a>0,b>0. (2)

We further simplify the model by assuming separation properties of the utility

function and risk neutrality. Specifically, instantaneous utility is given by

{ c—a—bw/w for an employed worker
U =

c—z for an unemployed worker,

where ¢ denotes individual consumption, and z > 0 is the disutility from unem-

ployment. We assume that utility functions of all workers are identical.

In contrast to the Akerlof-Yellen approach, in our model the standard of fairness is not
provided by intra-firm comparisons with other factor prices, but—as in Summers (1989)—by
the workers own opportunities outside the firm.



Our assumptions allow for aggregation over employed and unemployed workers

without having to account for risk considerations.?

This allows for modelling
the consumer side by a representative agent solving the following intertemporal

maximization problem:

mch/oo [C — > Li(a+bw;/®) — z (L - ZL,-)] e=P7%) dr (3)
t : i
s.t.: W:T‘W-i-zwiLi—C,

where C' denotes aggregate consumption, p represents the subjective discount
rate, W is the representative agent’s stock of assets, and r is the interest rate.
Implicitly, we treat the consumption good as numeraire. Note that utility is
affected by the allocation of labor across sectors. Individuals, however, cannot
decide on this allocation. The first order conditions of this problem require that
r(t) = p for all ¢. The linearity of preferences imply that the interest rate is

l

determined by the decisions of households.

2.2 Production sector

The production side of the economy consists of three sectors: a final-goods sector,
an intermediate-goods sector, and a research sector. All sectors employ labor,
and the productivity of labor is assumed to be affected by wages. Before analyzing
each of these sectors in detail, we will discuss the incentive-wage problem firms

have to deal with.

Efficiency wages and sectoral structure

A firm’s wage offer influences workers’ effort and thereby the efficiency of labor.
We assume that the increase in efficiency resulting from the same increase in

?Van Schaik and De Groot (1998) and Stadler (1998) derive the consumption path from an
intertemporal utility-maximization problem of a representative agent who shares preferences
with constant relative risk aversion (CRRA). In the presence of unemployment, however, this
representative-agent problem does not follow as the result of aggegation over a finite number
of employed and unemployed individuals with identical CRRA preferences. Although specified
as an intertemporal optimization problem, their approach should be interpreted as based on a
behavioral function. For that reason, their framework does not allow for an analysis of welfare
ef‘fects, as stated in the introduction.



effort differs across sectors, although the reaction of workers’ effort to changes
in the wage offer is identical across sectors. This idea reflects the notion that
motivation of workers, as long it does not fall below a certain minimum, plays a
different role in different sectors. Eventually, it provides an explanation for the
persistence of intersectoral wage differentials, a fact that has been emphasized in
the empirical labor-market literature (cf. Katz and Summers 1989).

We can formalize this idea by writing sectoral labor input in efficiency units

as an increasing sector-specific function of effort:
Hi(a-i-bwi/w) L;, H1{>0.

Consider the problem of a representative firm in sector : facing a given reference
wage w. For cost to be at a minimum at any given employment level, the firm
chooses a wage rate w; that minimizes the labor cost per unit of efficient labor.

In order to simplify the notation, define the function
hi(di/w)EHi(a-i—bwi/w), h;>0
The minimization problem can then be written as

. %

T R/ @
The solution of this problem is well known. The efficiency wage is determined by
the condition that the elasticity of the efficiency function h; with respect to w;/w
is equal to unity. Assuming that h; is a strictly concave function with A;(%;) =0
for some Z; > 0, this condition gives a unique solution for w;/w. This solution
can be written as w; = (1 + ¢;)@ with some constant ¢;. The optimal wage
is determined by a markup on the reference wage. This markup is determined
solely by the characteristics of the efficiency function. Specifically, the markup is
completely independent of the allocation of labor and of equilibrium dynamics.
Note that although workers are assumed to be homogeneous, optimal effort is
sector specific due to wage differentials. These differentials arise from the fact
that efficiency resulting from a given increase in effort differs across sectors.

If we substitute for sectoral wages from the solutions w; = (1 + ¢;)w into (1),
we can derive the following restriction for the allocation of labor:

S(U+@)li=L. (5)

H



Additionally, we have the requirement that sectoral labor inputs cannot exceed
total labor endowments:

ZL,SL. (6)

These two equations can hold if either ¢; = 0 for all ¢ or ¢; > 0 for at least one
sector. If ¢; < 0 for all 7, (6) cannot be fulfilled. In this case, @ would be zero
and (4) has no solution. Hence, we will rule out ¢; < 0 for all 1.

(5) shows that efficiency wages do not necessarily cause unemployment. If
the wage markups are positive in some sectors and negative in others, there are
allocations of labor fulfilling (5) and (6) with equality. On the other hand, if
g; > 0 for all 7 and the inequality holds in a strict sense for at least one active
sector, any allocation yields unemployment. In general, the rate of unemployment
is determined by the sectoral structure of the economy: The greater the size of

high-wage sectors relative to low-wage sectors the higher is unemployment.

Employment decisions

In the competitive final-goods sector, the representative firm produces according
to

N
Y:AL;-G/ Xedj, O<a<l, (7)
0

where Y is final output, Ly is labor employment, and X is the input of the jth
type of specialized intermediate good (j = 1,...,N). In order to preserve the
notation of the full-employment version of the model in Barro and Sala-i-Martin
(1995), we use a productivity parameter A to measure labor input in efficiency

units; this parameter is defined by
AY(=9) = b (1 4 qy).

Obviously, A is determined endogenously in our model. However, since A is
determined solely by the characteristics of the efficiency function, it can be treated
as a parameter once the minimization problem determining wage markups has
been solved.

3The advantage of this proceeding is that it becomes pretty obvious that our efficiency-wage
approach merely changes the constants of the full-employment model.



With the price of the final good as numeraire, the profit-maximization prob-
lem can be written as:

N N’
max {AL%,“’ /0 X2 dj — (14 qv)dLy — /0 P;X; dj} . 8)

The first—order conditions imply

l—-a Y
B 1+qyf; ©)
aA 1/(1-c)
X]' = Ly (?—) . ’ (10)
J

Firms in the intermediate-goods sector produce different varieties of the in-
termediate good that have been developed previously and sell it to firms in the
final-goods sector. Production of intermediate goods requires firms to purchase
designs (blueprints) from the research sector. In order to recoup the fixed cost
emanating form the purchase of designs, buying a particular design from the re-
search sector includes the exclusive right to manufacture that design. Producers
of intermediates then set their price P; to maximize profits taking as given their
demand from producers of consumer goods given by (10). To simplify the analy-
sis, we assume that the technology used to produce intermediates is identical to
the technology in the final-goods sector. This means that we suppose produc-
tion of each intermediate good to cost one unit of Y, and yields the following

maximization problem for the monopolist producing intermediate good of type

7
aA 1/(1-a) —
The solution of this problem yields
P=P =1/a, Vi € [0,n]. (12)

The price of intermediates is given by a constant markup on marginal cost. Since
all intermediates bear the same price, producers of consumption goods employ
equal quantities of each:

X = X; = Ly(a?A)/1-), (13)



Hence, all producers of intermediates make profits of (1 — a)X/a. The present
value of these profits is given by

l—-«

V() = =20 [ Ly(r)em K0 gr (14)

(04

Due to patent protection, these profits cannot be competed away by entering
firms imitating previously developed intermediate goods.* Potential entrants,
however, may buy newly developed designs from the R&D-sector. Competition
among potential entrants ensures that the price of a newly developed design will
be equal to the present value of profits to be earned by an intermediate-good
producer.

Firms may enter freely into R&D. We assume that the production function

for product innovation is given by
N = NLg/n, (15)

implying that the R&D cost in units of final output is (1 + gr)wn/N. Here, labor
productivity is measured by the parameter n, which is defined by

T]—l = hR(l + QR) .

2.3 Equilibrium

We concentrate on equilibria with positive growth. In these cases, the free-entry
condition implies that V(¢) = (1 4+ gr)w(¢)n/N(t) holds for all ¢. The level of

final-goods’ output is determined from egs. (7) and (13) as

Y = Ly N (a224)""7% (16)

Solving for @ by substituting for Y in (9) gives

l—«o 1/(1-a)

b= N (a®A 1
YTTH qy (a ) (a7
Given our sectoral structure, the labor-market restriction (5) reads
(1+ar)ly +(1+gr)lr="L. = (18)

4An alternative way to justify that differentiated goods are not imitated is to assume positive
imitation cost (Cf. Grossman and Helpman 1991: 49).

10



Substituting for @ from (17) and for Ly from (18) in the arbitrage condition gives

2_ o L _ —ftsr(s)ds 1
Ct-/t. {1-&-(]12 LR(T)]e o 19)

With the interest rate determined by the consumption sector as r(t) = p, the
arbitrage condition can hold for all ¢ only if the integral is constant. This re-
quires a constant labor allocation and implies that the model has no transitional
dynamics. We can then solve for the growth rate from (19):

g(L,p)_——:—-—=—-——£, ‘ (20)

where 0g(.)/0L > 0 and 9¢(.)/0p < 0. Obviously, the growth rate in (20) differs
from the growth rate derived from the full—employment version only by the fact
that the exogenously given labor supply L is multiplied by the constant 1/(1+gy)
(cf. Barro and Sala-i-Martin 1995: 229). '

We can now analyze the correlation between the growth rate and the rate of
unemployment. Substituting for Lg in the labor-market restriction (18) yields

employment in the final-goods sector as

l+4grpm
Ly = ————. 21
Y v e o (21)
The unemployment rate u =1 — (Lr + Ly)/L can then be calculated as
1 PN l+4qr
L,p)= ——1|1- . 22
#(L,p) 1+qR+La( 1+qy) (22)

The signs of the partial derivatives of 4 depend on the intersectoral wage differen--
tial. The growth rate is the higher, the more labor is employed in the R&D-sector.
On the other hand, the rate of unemployment is the higher, the more labor is
employed in the high-wage sector. Hence, growth and unemployment will be
positively correlated if the R&D-sector is the high-wage sector, and they will be
negatively correlated otherwise.

A decisive feature of our model is that both growth and unemployment are
determined by the relative labor employment of the R&D sector, i.e. by the inter-
sectoral allocation of labor. The intersectoral allocation of labor does not change
along a balanced growth path. Higher growth, however, also brings about higher
reallocation of labor within the intermediate-goods sector, as newly invented in-

termediates are produced. In the present model, this intrasectoral reallocation

11



has no impact on the unemployment rate. This stands in sharp contrast to the
results derived from models based on the matching approach. In this class of
models (cf. Aghion and Howitt 1994) it is the reallocation of labor within the sec-
tor producing intermediates that determines the unemployment rate. Matching
unemployment generated by intrasectoral labor reallocation can be thought of
as complementary to the efficiency-wage unemployment discussed in the present
paper. However, one must be careful in evaluating this re—allocative aspect of
growth. Along a balanced growth path, permanent labor reallocation within the
intermediate—goods sector path is an inevitable side effect of growth driven by an
expansion of the number of intermediate goods. Firms producing newly devel-
oped intermediates continually draw labor from producers of previously developed
intermediates. In growth models based on improving the qualities of a given num-
ber of intermediates (as in Aghion and Howitt), these reallocation effects occur
only if quality improvements involve a permanent change in leadership positions
within the intermediate-goods sector (leapfrogging by “creative destruction”).
But growth will generate no intrasectoral labor reallocation at all if quality im-
provements are realized by industry leaders. The latter occurs, if leaders have a
cost advantage in research activities. Together with the fact that there is hardly
empirical evidence for continual leapfrogging, this casts doubt upon the impor-
tance of the re-allocative aspect of growth which drives the results in the model
of Aghion and Howitt.

3 Wage subsidies and welfare

Several authors have suggested that the government should subsidize employment
in order to reduce unemployment (cf., e.g., Phelps 1994). On the other hand, the
literature on growth theory proposes subsidization of R&D activities (in order
to internalize the research spillovers) and of the purchase of intermediate goods
(in order to neutralize the effect of monopolistic pricing). Given our analysis
so far, one would conjecture that unemployment can be reduced by subsidizing
employment in the low-wage sector. Additionally, we would expect that such
a policy should raise economic growth if employment is subsidized in the R&D
sector. Promoting the purchase of intermediates, however, should reduce growth
and raise (lower) unemployment if the R&D-sector is the low-wage (high-wage)

12
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sector.

We model subsidization as subsidies whereby the government pays (i) a frac-
tion ¢; of wage payments in sector i = Y, R and (ii) a fraction ¢x of the purchase
cost of intermediate goods. All subsidies are assumed to be financed by lump-sum
taxation. First, note that wage subsidies have no effect on workers’ incentives.
Hence, they do not alter the wage markups ¢;. Nevertheless, wage subsidies have
an impact on labor cost of firms and alter the equilibrium conditions of the model.

Labor demand in the final-goods sector is given by

T ‘ (23)

and the R&D cost is (1 — ¢r)(1 + gr)wn/N. Subsidization of the purchase of

intermediate goods alters the demand by the final-goods sector to

a?A 1/(1-a)
1- ¢X> ’

Taking account of these modifications in the arbitrage condition yields the growth

| X=Ly< (24)

rate

:_éﬁ_—i—-—--p—l—épl
g(L,p7¢R7¢Y’¢X)_ n —_(1+qR)T] O(l"ﬁbY

where 0g/0¢r > 0, 0g/0¢y < 0, and 0g/0¢x < 0. Obvilously, wage subsidies
affect growth only if they are differentiated, but they have no effect if they are

(1-gx)*/=D, (25)

identical for all firms. The intuition for this result is that subsidizing employment
in all sectors by equal rates affects profitability of all firms in the same way-—
In the end, this policy promotes neither sector leaving the allocation of labor
unchanged. Since both the growth rate and the unemployment rate depend on
labor employment in the R&D sector, homogeneous wage subsidies have no effect
on growth and unemployment at all. On the other hand, subsidizing only the
R&D sector promotes growth. This policy will also reduce the unemployment
rate if the R&D sector is the low—wage sector, but raise it otherwise. Finally,
subsidizing the purchase of intermediates raises the production of both final goods
and intermediates, and draws labor from the R&D-sector thus reducing growth.
Our analysis so far abstracted from welfare properties of policies designed for
increasing economic growth or/and reducing unemployment. From the analysis
of the full-employment version of the model by Barro and Sala-i-Martin (1995)

13



we know, that promoting growth by appropriately subsidizing R&D and the pur-
chase of intermediates is welfare improving.> As we will show in the following,
their argument does not generalize to the case of unemployment. This result
may not be striking once we account for aggregate employment to affect welfare.
Surprisingly, however, there exist parameter constellations where taxing wages in
the R&D sector while at the same time susidizing the purchase of intermediate
goods improves welfare despite reducing growth and employment. This result can
hold although individuals derive disutility from being unemployed.

By selecting subsidy rates, the government decides upon the allocation of labor
and the production of intermediates. This allows us to solve for the optimal sub-
sidy scheme by choosing the welfare-maximizing allocation of labor and output
of the intermediate-goods sector. With ALy NX®— NX and omitting constant
terms from the maximand, the problem of the government can be written as

maX/°° [ALy*NX* = NX = (a—2) (L + Ly) = zL] e dr  (26)
L, X Jit

st.: N=LgrN/y
L=(1+4qr)Lr+(1—gqy)Ly.

The structure of this problem allows for solving it by a two-step maximization
procedure. First we determine the optimal X as a function of Ly from the static
problem

max ALy NX* - NX. (27)

This determines production of intermediates as
X = (aA)V/(-2) Ly (28)

Contrary to the decentralized solution, the social planner allocates more ressources
to the production of intermediates for any given employment in the final-goods

sector. The decentralized solution for X in (13) is @*/(!=%) < 1 times the solution

SNote that this result does not hold for growth models based on expanding the number
of product varieties in general. Benassy (1998) shows that the model’s welfare implications
crucially depend on the specification of the final-goods sector’s technology. Given a more
general form of that sector’s production function, growth can also be too high in a decentralized
economy. The latter result has frequently been viewed as a feature solely of growth models based
on expanding the qualities of a given set of product varieties.

14



given by (28). This is exactly the same result as in the full-employment version
of the model (cf. Barro and Sala-i-Martin 1995: 229). The optimal policy is to
subsidize intermediates at the rate ¢x = 1 — « ensuring that the demand for
intermediates under subsidization (given by (24)) corresponds to demand given
by (28).

We can then determine the allocation of labor. Since the model has no tran-
sitional dynamics, labor allocation must be constant over time. This allows us to

solve for N from the dynamic constraint:
N(r) = N(t)elt=/mr ' (29)
With (28) and (29), the maximization problem (26) reduces to

max { B/ ~(1+gqr)Lgr)e (Lr/n=e)(7=1) dr

\ 1+gr L —p(r-t)
—(a — - - d
(a 2)/t [LR (1 1+CIY) 1+QY]}6 ™ (30)

where B is some positive constant given by B = (1—a) (aaA)l/(l_a) N(t)/(1+gy).
Obviously, for a sufficiently small value of p (p < L/[n(1 + qgr)]) the first integral
in (30) will not converge. In this case, utility will be maximized by allocating
labor completely to the R&D sector by choosing subsidy rates such that (1 —
ér)/(1 — ¢y) = 0 (cf. eq. (25)). By accumulating N at the maximum possible
rate, consumption becomes infinite as T goes to infinity. Due to the linearity of

the instantaneous utility function, this path maximizes utility although there is
zero consumption in finite time. -

On the other hand, both integrals converge and welfare will be maximized
for 0 < Lr < L/(1 +qr) if p > L/[n(1 + gr)]. In this case, the values of the
parameters a and z crucially affect the optimal allocation of labor. Since there
are no theoretical restrictions on the magnitude of these parameters, Lr can take
on any admissible value. The latter is true irrespective of the sign of the wage
differential, i.e. irrespective of the sign of the correlation between growth and
unemployment. The case that growth and employment in the decentralized econ-
omy exceed the optimal rates of growth and employment is certainly within the
range of possibilities. The optimal policy then calls for a “taxation” of employ-
ment in the R&D sector (i.e. (1 — ¢r)/(1 — ¢y) > 1) thus reducing growth and
aggregate employment.
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The economic intuition behind this result is the following. In addition to the
beneficial effect of augmenting growth by internalizing intertemporal spillover ef-
fects from innovation, subsidizing R&D affects welfare by its impact on aggregate
employment. Higher employment lowers the disutility of unemployment, while at
the same time raising the disutility of effort. In general, the net effect is ambigu-
ous. Moreover, since the welfare effect from the change in aggregate employment
can be made arbitrarily strong, it may well dominate the benefit from increasing
growth. Hence, a policy that raises growth and reduces unemployment at the
same time (promotion of the R&D sector when this sector has the lower wages)
may well reduce welfare if its effect on the disutility of effort is sufficiently strong.

We can now use the sign of the wage differential to predict effects of a growth
policy aimed at reducing unemployment and raising welfare. Such a policy cannot
simultaneously raise growth, aggregate employment, and aggregate welfare if the
R&D sector is the high~wage sector. Our model predicts that promoting growth
reduces aggregate employment in this case. Aggregate welfare rises only if the
disutility from unernployfnent is sufficiently small relative to the disutility of
effort. On the other hand, if the R&D sector is the low—wage sector, promotion
of growth raises aggregate employment; the beneficial effect on aggregate welfare,
however, only occurs if the disutility of unemployment is sufficiently high relative
to the disutility of effort. The popular view of promoting growth in order to
reduce unemployment and to raise welfare is only confirmed by our model in this
special case.

4 Conclusions

By integrating a simple efficiency-wage theory into an otherwise standard model
of endogenous growth we simultaneously endogenize an economy’s growth rate
and unemployment rate. Our theoretical analysis has shown that the sign of
the correlation between the rate of growth and the rate of unemployment is
ambiguous in general, but related to the sign of intersectoral wage differentials.
We have shown that the correlation between growth and unemployment is positive
if the research sector is the high—-wage sector of the economy, and negative, if the
research sector is the low—wage sector.

Due to the simplicity of our approach, many decisive properties of the full-
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employment version of the model are preserved, at least as far as its positive
results are concerned. Welfare results, however, may change considerably once
one allows for employment (via disutility of effort and disutility of being unem-
ployed) to affect utility. An economy may even be worse off in an equilibrium
with higher growth and lower unemployment, if disutilities of effort are sufficiently
strong. The intuition behind this result is simply that individuals have to work so
hard for higher growth that the welfare loss from the increase in effort dominates
the welfare gains from internalizing research-spillover effects on the one hand
and from lower unemployment on the other hand. This rather counterintuitive
welfare effect cannot be excluded although we account for the fact that the state
of being unemployed has a negative effect on individual utilities.

The model can be expanded or generalized in several ways. First, we can
generalize our model and allow for different technologies and different efficiency
functions in the final-goods sector and the intermediate-goods sector. In such
an expanded version of the model, the R&D sector, which typically employs only
a very small share of an‘e’conomy’s labor force, does not have all the burden for
explaining the relation between the growth rate and the rate of unemployment.
However, the technical analysis becomes quite intricate without generating re-
ally new insights. Secondly, we can integrate the efliciency-wage mechanism into
other models of R&D~driven growth. The reasons for having chosen the Romer
framework were the simplicity of the technical analysis and the fact that this
model is so well known. It is also well known that the Romer model, among
others, has been criticized on its implication that larger countries should have
larger growth rates (cf. Jones 1995). For the present analysis, this scale effect im-
plies some correlation of country size and its rate of unemployment, a correlation
which is unlikely to show up in the data. The mechanism driving the relation of
the rate of growth and the unemployment rate, however, is independent of the
special growth model we use. Any model where the growth rate is correlated
to the relative size of the R&D sector gives us the same results with respect to
the growth—unemployment nexus (cf. Jones, 1999, for an overview of this class of
models). Another promising extension is the simultaneous analysis of efficiency—
wage unemployment and matching frictions within the present framework thus
allowing both the intersectoral allocation and intrasectoral reallocation of labor

to affect unemployment. Eventually, substituting for the representative-agent
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framework by an overlapping generation approach as it is used, e.g., in Bean and
Pissarides (1993) would allow for an analysis of unemployment-induced distribu-
tional effects on the growth rate.
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