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INPUT QUALITY, OBSOLESCENCE AND UNEMPLOYMENT*

by

J. Kirker Stephens

In a number of growth models of the Solow-vintage variety (Solow,
1959) which asgume capital vintages and homogeneous labor; cne finds
scrappage of capital {retirement of capital before it is worn ocut} such
as in Matthews {1964). Akerlof (1969) congidered the 'dual® of such models:
a model in which different qualities of labor are asvailable but capital
is homogeneous. He showed that in such a model “scrappage of labor™ could
occur. Workers of lower gkill levels are thus left unemployed. Since in
fact both capital and labor are of varying quality {see Stephens, 1967, 1971},
it is interesting tc consider the questions of capital and labor scrappage
in the context of a model in which both capital and labor sre of differieg
quality. We shall see that the Sclow capital scrappage and Akerlof labor
unemployment explanations canmot in general be combined, as one might have
expected they could, to explain simultanecus capital scrappage and unemploy=
ment of laboer.

Tt will be sufficient for our purpose here to follow the practices

of the appropriate models referred to above and assume thet differences of
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labor quality may stem from many causes, but that differences in capital
quality are due to the capital having been constructed at different times,
thus embodying different levels of technology.

Let the production function be given by Qv’a = Flv, q, Lv,of Kv,a]
expressing the output obtained by vintage v capital being worked with grade
¢ labor as a function F of the number of laborers of grade @ working
with vintage v capital, the amount of vintage v capital being worked by
grade « 1labor, the construction date v of the vintage, and the grade
¢ of the labor. The production function F is assumed to be homogeneous
of degree one in K and L and have diminishing marginal returns. The
partial derivatives of F with respect to @ and v are agsumed to be
strictly positive given Lv,a >0 and Kv,a >0, and the marginal products
of capital and labor are assumed to be positive when the other factor is
present., It is further assumed that F(v, @, 0, 1) = F{v, ¢, 1, 0) =0
and that any combination of capital vintage and labor grade yields pogitive
output,

The basic mechanism whereby scrappage of capital may occur im capital-
vintage models is that the available supply of homogeneous labor is spread
over the various vintages of capital so as to maximize output, thus making
the marginal product of labor the same for production with each vintage of
capital., If some capital is sufficiently unproductive that no amount of
labor assigned to it will achieve this marginal productivity, that capital
ig scrapped. Since the differences in capital quality are due to differences
in when they were constructed it will be the oldest capital--presumably

uged when it was new--that is unused, hence the term scrappage is particularly

appropriate and the scrappage may be described as due to obsolescence.



In Akerlof's model the available homogeneous capital is spread over
the various qualities of labor go ag o maximize output. The marginal pro-
duct of capital is thus the same whatever quality of labor works it. Low
quality labor will thus be unempleved if no amount of capital assigned to
it would achieve this marginal productivity.

In our model we cannot speak of spreading capital over labor or labor
over capital since both are heterogeneous: the alleocatiom process will be
much more complex than that. Bul assume capltal amnd labor are so allocated
as to maximize output: more formallv, s0 as to maximize

v_]” aj Flv, & L o K, jldodv

subject to
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for all <« and

af K, fISE,
for all v , where the inequglities represent the congtraints that nc more
of any vintage of capital or any grade of labor may be employed than is
avallable.
Can capital scrappage occur in this model? Congider an initial
situation in which capital and labor are fully employed and introduce one
additional unit of capital of vintage Vg o In order for this unit of

capital to be employed, some labor must be found to work with it which will



have a higher marginal product by doing so than in its present use. Unless

the production function 1s such that
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approaches @« as Lv =0 for some «, it is easy to see that there

e
may be no such labor, and so capital scrappage may occur.

It can be seen by an entirely similar argument that unemployment of
low grade labor may also occur. However; the argument showing the pogsi-
bility of capital scrappage depends crucially on the assumption that labor
ig fully employed, and vice verga. For if both capital and labor were un-
empleyed, the unemployed capital and umemploved labor could be combined
g0 as to produce positive output. Hence when output is maximized capital
and labor cannot both be unemploy@dol

The model congtructed here ig 8 gemeralization of putty-putty capital
vintage models and of Akerlef's hetercgeneous iabor m@d@loz We have seen
that in this model either capital scrappage or unemployment of labor may

occur, but not both. How then do we explain the fact that unemplovment

of labor and gscrappage of capital beth occur in the real world? A number

1In a model analogous to this ome but with homcgenmeous capital and labor,
stlll assuming pogitive marginal products and me indivisibility or fixed
coefficients, both capital and labor would, of course, be fully employed
when output 1s maximized (except in the extreme case where one factor igs
totally absent).

2Puttywclay capital vintage models are not specilal cases of thiz model
since they do not have universgal diminishing returns ex post., See Appendix.



posgibilities suggest themselves, some primarily technological and some
primarily institutional,3

1. It may be that for legal reasons (minimum wage laws, etc,) or
for private institutional reasons (union policies, etc.) some workers cannot
be pald a real wage as low as the marginal product they would have when
working with the capital which would be assigned to them under the optimal
allocation., This may be because ar abgolute wage that low is impossible,
cr because a wage so low relative to the wage of higher grade workers pro=
ducing the same product is Impossible.

2, Production may take place with some third factor im limited supply.
In this case the more productive labor smd capital may take over all of the
third factor, leaving the less productive labor and capital unemployed,

A good example of this would be that land being farmed with tractor and
driver is then unavailable to the man walking behind a mule.

3. In the model of this paper, capital and labor differ as to quality,
but the model is one-gector and the difference is one-dimensional. Suppose
ingtead one congtructed & model with two sectors, sssuming that neither capital
nor labor can be transferred from ome sector to another once put in use.

Then ome might have scrappage cof capital in one sector and unemployment
of labor in the othera4

4, Another pogsibility arises frewm the fact, gemerally ignored in capital-

3The arguments given here are for the putty-putty case, but most could be
modified for the other cases.

4For & similar situation under different assumptions, see Appendix,



vintage growth models, that capital may have a positive scrap value. Thus
capital may be scrapped because its scrap value exceeds the present value
of the returns from continuing to operate it.

5. 8o far this discugsion has been in the neoclassical world where
adequate aggregate demand is assumed. Inadequate aggregate demand can of
courgse explain labor also becoming unemployed where the full output pro-
duction situation calls for capital scrappage.

In conclusion, we see that while it is quite possible to offer ex-
planationg for simultaneous unemployment and scrappage of capital, it gen-
erally mugt occur for reasons quite different from those for one factor

being discarded suggested by the capital-vintage models or the Akerlof model.
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APPENDIX

In the model in the body of this paper both capital and labor are
assumed capable of working with different amounts of the other input (no
fixed coefficients). This flexibility is common for labor-quality growth
models (Akerlof, 1969; Dobell, 1969; Stephens, 1971). However, for capital
vintages several approaches have appeared, digtinguished by whether coeffi=-
cients were variable both before amnd after comstructionm (putty-putty), only
befere construction (putty=claj), or nmot at all (clay=clay). If we consider
that labor too may be restricted to working with a fixed amount of capital
once trained, but assume both capitzl and labor are malleable ex ante, we
may classify the following cages (giving first the situation with regard
to capital and then that with regard to labor and assuming ome doesn't mind
sounding like an outboard motor):

l. Putty=-putty; putty-putty

2, Putty-clay; putty=putty

3. Putty-putty; putty=clav

4, Putty-clay; putty-clay

Cagse one is discusged in the body of the paper. In cases two and three,
gimultaneous scrappage of capital snd unemployment of lasbor will be impossible
even in g model like that of this paper since some of the agvailable fixed
coefficient input can be put to work with the available variable-coefficient
input, at the appropriate ratio until one input is fully employed. Only in
the peculiarly rigid case four dosg a really new possibility arise. There
one might have capital and labor both left over but with fixed and incompatible
coefficients. Adapting an example from Brems (1968, Ch. 16), one might have
left over abacuges and men who can operate electronic desk calculators, but

no electronic desk calculators or wmen who can operate abacuges.



