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Abstract

We show the existence of involuntary unemployment without assuming wage rigidity. A
key point of our analysis is indivisibility of labor supply. We derive involuntary
unemployment by considering utility maximization of consumers and marginal cost pricing
behavior of firms in an overlapping generations model under perfect competition with
indivisibility of labor supply and decreasing or constant returns to scale technology.
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1 Introduction

Umada (1997) derived an upward-sloping labor demand curve from mark-up principle for
firms, and argued that such an upward-sloping labor demand curve leads to the existence of
involuntary unemployment without wage rigidity!. But his model of firms’ behavior is ad-
hoc. In this paper we consider utility maximization of consumers and matginal cost pricing
behavior of firms in an overlapping generations model under perfect competition according
to Otaki (2019) and Otaki (2015), and show the existence of involuntary unemployment
without assuming wage rigidity. A key point of our analysis is indivisibility of labor supply.
As discussed by Otaki (2015) (Theorem 2.3) and Otaki (2012), if labor supply is divisible
and it can be small, there exists no unemployment.

In the next section we analyze the relation between indivisibility of labor supply and the
existence of involuntary unemployment under decreasing or constant returns to scale
technology. We show that under decreasing returns to scale the real wage rate is decreasing
in the employment and the reservation real wage rate for individuals is constant given the
expected inflation rate. If the real wage rate is larger than the reservation real wage rate, an
increase in the employment reduces the difference between them. However, it cannot be
guaranteed that they are equalized. In Section 3 we present a general analysis of divisibility

t Lavoie (2001) presented a similar analysis.



and indivisibility of labor supply. Labor supply is determined by a parameter of utility
function and productivity given the expected inflation rate. If labor supply of each consumer
is not small, there may exist involuntary unemployment.

2 Indivisible labor supply and involuntary unemployment

We consider a two-period (young and old) overlapping generations model under perfect
competition according to Otaki (2010 and 2015). There is one factor of production, labor,
and there is one good which is produced under perfect competition. There is a continuum of
firms. The volume of firms is one. Consumers are born at continuous density [0,1] X [0,1]
in each period. They can supply only one unit of labor when they are young (the first period).

2.1 Consumers
We use the following notations.

¢;: consumption of the good at period i, i = 1,2.

p;: the price of the good at period i, i = 1,2.

B: disutility of labor, § > 0.

0<a<l.

W: nominal wage rate.

[T: profits of firms which are equally distributed to each consumer.

L: employment of each firm and the total employment.

Ly population of labor or employment at the full-employment state.

y(L): labor productivity, which is deceasing or constant with respect to the employment,
y(L)=1, y' <0.

6 1is the definition function. If a consumer is employed, § = 1; if he is not employed, § =
0. The labor productivity is y(L). It is decreasing or constant with respect to L. We define
the employment elasticity of the labor productivity by
S
¢ =
L
We assume that —1 < { <0, and { is constant. Decreasing (constant) returns to scale

means { < 0 ({ = 0). If the good is produced under constant returns to scale technology,
n=0.
The utility of consumers of one generation over two periods is
U(cy, €3, 8,B) = cfci™® — 8.
The budget constraint is
pP1C1 + pacy = W + 11
p, 1s the expectation of the price of the good at period 2. The Lagrange function is
L=cfc;7% =8B — Apycy + pacy — (SW + 1)),

A is the Lagrange multiplier. The first order conditions are

acflc;™" = Apy,



and
(1 —a)efc; = Ap,.
They are rewritten as
acfe; % = Apsicy,
(1= a)cfe;™ = Ap,c,.
Then, we obtain
cffe;™ = Apicy + pacy) = AW + 1),

p1€1 = (1(5W + H); DP2Cr = (1 — CX)(SW + H)
The indirect utility of consumers is written as follows
a*(1-a)t~*

V= e (6w +1I) — 6p, (1)
with
_ a®*(1-a)l7¢
o pipe
The reservation nominal wage rate W? is a solution of the following equation.
a®*(1-a)t=* R _a*(1-a)l7@
Tomre WA=
From this
R _ pi“p%_a ﬁ

a®(1-a)l—*
The labor supply is indivisible. If W > W&, the fcotal) labor supply is Lg. If W < WR, it is
zero. If W = WR, employment and unemployment are indifferent for consumers, and there
exists no involuntary unemployment even if L < L. Indivisibility of labor supply may be
due to the fact that there exists minimum standard of living even in the advanced economy
(please see Otaki (2015)).

Let p = %. This is the expected inflation rate (plus one). The reservation real wage rate is
1

R_WR — 1 1-a
O = T waaef P
If the value of p is given, w® is constant. Otaki (2015) assumes that the wage rate is equal
to the reservation wage rate at the equilibrium. However, there exists no mechanism to

equalize them.

2.2 Firms
The demand for the good of a consumer of younger generation is
__ a(6W+ID)
1 P1 '

Similarly, his demand for the good in the second period is

_ (1-a)(w+ID)

C
2 D2



Let M be the income of an individual of older generation including the saving carried over
from his first period. Then, his demand for the good is pﬂ. The government expenditure
1

constitutes the national income as well as consumptions of younger and older generations.
The total demand for the good is

Y
c =—.
P1

Y is the effective demand defined by

Y=a(WL+1)+G+ M.
G 1is the government expenditure (about this demand function please see Otaki (2007), Otaki
(2015)).

Let x and z be the output and the employment of a firm. We have x = y(z)z. Thus, we
have

dz _ 1
dx  y(@)+yz
The profit of the firm is
T =pX— = w.
e
The condition for profit maximization under perfect competition is
dz dz
y(@)-xyrz- 1-yrz—~ 1
——— W =p; - W =p — =p; — W =0.
PL™ ey L0 Pl @zt~ PV oy
Therefore,
1
=—W.
P1= oy
This means the marginal cost pricing. Since at the equilibrium x = ¢ and z = L, we obtain
1
= w.
PL=moyw

With decreasing (constant) returns to scale —1 < { <0 ({ = 0).
2.3 Involuntary unemployment

The real wage rate is
w
w="=(1+y(L).

1

Under decreasing (constant) returns to scale, since ¢ is constant, w 1is decreasing
(constant) with respect to L.

The aggregate supply of the good is equal to

WL+ 11 =p;Ly(L).
The aggregate demand is
aWL+I)+G+ M =ap,Ly(L) + G + M.
Since they are equal,
p1Ly(L) = apiLy(L) + G + M,

or

G+M
p1Ly(L) = -

-4 -



In real terms?

1
Ly(L) = — (g +m), 2)
where
9= p1

(2) means that the employment L is determined by g + m. It can not be larger than L.
However, it may be strictly smaller than L; (L < Lg). Then, there exists involuntary
umemployment. Under decreasing returns to scale the real wage rate w = (1 + {)y(L) is
decreasing with respect to L. Since the reservation real wage rate w® is constant, if w >
w® an increase in the employment reduces the difference between them. However, it cannot
be guaranteed that they are equalized.

If we consider the following budget constraint for the government with a lump-sum tax T
on the younger generation consumers,

G=T,
the aggregate demand is
aWL+NI-G6G)+G+M=a(pLy(L) —G)+ G+ M.

Then, we get?

1
Ly(l) = —[(1 —a)g + m],
Summary of discussions

The real aggregate demand and employment are determined by the value of g + m. The
employment may be smaller than the population of labor, then there exists involuntary
unemployment.

Under decreasing returns to scale the real wage rate is decreasing with respect to the
employment and the reservation real wage rate is constant. When the real wage rate is larger
than the reservation real wage rate, an increase in the employment reduces the difference
between them. However, it cannot be guaranteed that they are equalized.

Comment on the nominal wage rate

In the model of this section no mechanism determines the nominal wage rate. When the
nominal value of G + M increases, the nominal aggregate demand and supply increase. If
the nominal wage rate rises, the price also rises. If the rate of an increase in the nominal wage
rate is smaller than the rate of an increase in G + M, the real aggregate supply and the
employment increases. Partition of the effects by an increase in G + M into a rise in the
nominal wage rate (and the price) and an increase in the employment may be determined by
bargaining between labor and firm*.

1. o
2 T is a multiplier.

3 This equation means that the balanced budget multiplier is 1.
4 Otaki (2009) has shown the existence of involuntary unemployment using efficient wage bargaining

according to McDonald and Solow (1981). The arguments of this paper, however, do not depend on
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Full-employment case

If L = Ly, full-employment is realized. Then, (2) is written as

1

Ly(L) = = (g +m). (3)
Since Ly is constant, this is an identity not an equation. On the other hand, (2) is an equation
not an identity. (3) should be written as

1
Ley(L) = E(g +m).

From this we have
1

~ U—aLy@) (G + M),

P1

where
=5 =X
g p1’ p1
Therefore, the price level p; is determined by G + M, which is the sum of nominal values
of government expenditure and consumption of the older generation. Also the nominal wage

rate is determined as
W =1+ yL)p;.

3 Divisibility and indivisibility of labor supply

The utility of the representative consumer is
3™ —G(D),
with the budget constraint
pic1 + 2z = WL
[ is labor supply of an individual (0 <! < 1), and G(l) is a function of disutility of labor
which is continuous, strictly increasing, differentiable and strictly convex. Similarly to (1),

we obtain the following indirect utility given [ for en employed worker,
a*(1-a)t~*

V= T ai-a Wil — G(l)
P1D2

Maximization of V with respect to [ implies

_ p%p%_a 1

= GO, )
Let p = ?. (4) is rewritten as

1
= =P TGO, 5)

aa(l_a)l—a p

where w = pm is the real wage rate. If the value of p is given, [ is obtained from (5) as a
1

function of w. [ is increasing in w because G'' > 0. In our model, however, assuming
L=Ls, w=(14)y(Lsl). Thus, we have

1+ DY) = gmgma P ™6 D). (©)

bargaining.



The value of [ is obtained from (6). It does not depend on W given p. The total labor
supply is Lgl. It is constant. L is the population of labor. If Ll is not strictly larger than
the labor demand in (2), there exists no unemployment, that is, full-employment is realized.
Then, we obtain

1

and
1

P17 oLy,
When Lfl is strictly larger than the labor demand in (2), there exists involuntary
unemployment similarly to the arguments in the previous section. The real wage rate in this
case is

G + M).

w =1+ y(Ll).
(6) is written as
1 el
1+ YD = e PIC D).
From this [ is obtained as a function of L. Denote it by I(L). We assume that LI(L) is
increasing in L.
9G"() = (1+)y'L >0

guarantees that [(L) is decreasing and LI(L) is increasing in L because y' <0, G'' > 0,

awz) _ _ (a+yric)
dL oGr()—(1+yrL

)

and
eG" (DI(L)

dLi) _ , di(L)
oG (D-(1+)y'L

w Lt =

)

where

— 1-a

¢ a“(l—a)l‘“p )
Then, the real wage rate is decreasing in L (because y’ < 0). Similarly to (2) we get
LI(L) = ——————(g +m)
(1-a)y(LI(L)) '
This is the employment. If LI(L) < L¢l(Ly), there exists involuntary unemployment. If labor
supply of each consumer is not small, there may exist involuntary unemployment. If it is
small, however, it is likely that there exists no unemployment.

If

A+yl) = mpl_“G’(Z) for any 0 <[ < 1,givenlL,

consumers choose | = 1, and then the labor supply is indivisible.

On the other hand, if
. 1 1 leg
lim (1= 2) (1 + Oy (LD < iz P76 (0),
we have [ = 0. However, if G'(0) is sufficiently small, [ > 0.

4 Concluding Remark



In this paper we have examined the existence of involuntary umemployment using a perfect
competition model with decreasing or constant returns to scale. We have derived involuntary
unemployment from indivisibility of labor supply. We think that although the labor supply
must not be infinitely divisible, it need not be infinitely indivisible. In the future research we
want to analyze the problem of involuntary unemployment in a monopolistic competition
model with constant or increasing returns to scale technology.

References

M. Lavoie. Efficiency wages in Kaleckian models of employment.  Journal of Post
Keynesian Economics, 23:449-464, 2001.

I. M. McDonald and R. M. Solow. Wage barganing and employment. ~ American
Economic Review, 71:896-908, 1981.

M. Otaki. The dynamically extended Keynesian cross and the welfare-improving fiscal
policy.  Economics Letters, 96:23-29, 2007.

M. Otaki. A welfare economics foundation for the full-employment policy.  Economics
Letters, 102:1-3, 2009.

M. Otaki. A pure theory of aggregate price determination. DBJ Discussion Paper
Series, No. 906, 2010.

M. Otaki.  The Aggregation problem in employmnet theory. DBJ Discussion Paper
Series, No. 1105, 2012.

M. Otaki.  Keynsian Economics and Price Theory: Re-orientation of a Theory of
Monetary Economy. Springer, 2015.

T. Umada. On the existence of involuntary unemployment (hi-jihatsuteki-shitsugyo no
sonzai ni tsuite (in japanese)).  Yamaguchi Keizaigaku Zasshi, 45:61-73, 1997.



