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On the Tnevitability
nf

Factor Substitution *

Thore-is_gn abundance of labor and a shortage of capital in poor
rountries, Buf'along with these factor proportions, production technimes
are freouently employed that a2re virtually identicel to those in advanced
countries wnere capital is abundant and labor is scerce., Two sorts of
explanations for this parsde:r have been advanced:

(2) that the prices nf capital and lahor in poor countries are so
similar tn those in advanced countries — thay so inaccurately reflect
_ ronl searrities — that it has been made profitable for firms to use
sdvanced-country techninues even thomgh those techniques are highly in-
sppropriate and ecnstly in output and employment, or

(b) that there is no choice in technigues of production so if
rroducts (especially industrinl) are to be made st all, they must be
made according to techniques rigidly determined by and embodied
in sdvanced cruntry capital ecuipment -- the "shelf of technologies"
is verv nrecise, detniled and allows of no substantisl modifications
to meke a tachnology more appropriste to poor countries and their

factor endowments.

# This rorer was drafted while T was a visitor at Nuffield Cnllege and
~ poact af the Tnstitnte for Commanweslth Studies, Oxford. A.R. Khan,
Wnrr Rewedrm Enr] MeFnrland, Steve Lewlr and John Todd were especieslly
helpful in srntting errors ~nd msking sugpestions.




Roth explanations accept that factor endowments in poor countries
rre not reflected in the choice of technique — that their limited capital
stock (expanded by painful domestic saving and risky foreign borrowing)
shruld produce more output and more employment and that it would if the
technologies chosen were 1sss Westermn and more fitting to the circumstances
of the country., They diffe= in thelr view of why. The first holds that
factor prices are wrong so firms are rewarded for doing what is socially
wrong and punished for doing what 1is right. The secdnd holds that factor
prices don't mske any difference since, whatever they are, there is no
choice open to the firm in the poor country, anyway.

The difference is terribly important to development policy.

The issue is whether it is possible technically to vary the proportions

of men and machines to respond to changes in their relative prices. Whether,
to put it negatively (which best suggests the effects of current develop-
ment strategies), the wrong prices of capital snd lebor might help explain
the tendency of poor countries to waste capital and leave abundant labor
unemployed.

The empirical evidence is unanimous in showing that the use of capital
and labor do respond to relative factor prices (1,2,9,13]. But that evidence

persuasive

appears not to bﬁLenough. So in Part I, we will examine the four mechanisms
by which the output and employment associated with a given capital stock
(or investment) can theoretically be increased or decreased by changing
relative factor prices. In Part II, we will formalize the relationships
between these sources of substitution, deriving the progressiocn of elasticities
of substitution that Jescribes them, In Part III, we briefly consider what

is measurcd by empirical elasticity estimates and what these do and don't
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imply for possibilities of factor substitution in development planning. We will '’
abstract throughout from technical change. ’
I,

Factor substitution can work through (a) the ex ante choice of which
product to makel*, (b) the ex ante choice of a particular kind of plant with

1. "Ex ante" and "ex post" are used in the usual vocabulary of Putty-Clay
growth analyses [10,11]. "Ex Post" describes substitution after a "plant”
(capital stock) is installed, embodying a particular technology. "Ex Ante"
in contrcst, describes options before any (durable) committment hus been made
to a particular process. I was barely dissuaded from calling this paper
"Putty-putty analysis" out of deference for Slim Gaillard.

which to make the product, (c) the ex post choice of the way to man that plant
and (d) 4he ex post choice of the proportion of the time to operate that plant,

These aée not, of course, conceptually separate, sequentisl decisions. In
optimal, static planning, they would ‘deally be determined simultaneously.
But they can usefully be treated in sequence in the verbal discussion of this
part, moeing from the most aggregate to the most detailed l.ovel and forward

in time from investment planning (ex ante) to operation (ex post).

A. Factor Substitution through the Choice of Products Ex Ante

If different products (“sectors") are typically made with processes that
have different capital-labor relationships, the choice of what things an
economy should make will be influenced by the prices of carital and labor.

If capital is cheap relative to 1labor, those producis and services that are
made with relatively a lot of capital and little labor will look profitaple
— to0 & firm or to a planner, If capital is expensive, a different set of

products and services will be most profitable. So the amount of employment
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to be got from a given capital stock will be influenced by factor prices

as they influenée the composition of.outﬁut. This kind of factor substitution
would be eliminated only in the event that either there were no choice sbout
what to produce domestically or that all products were made with techniques |

of the same capital and labor relstionships.

B. Factor Substitution through Choice of Techniques Ex Ante

After the decision has been made to produce a particular product, there
exists, ex ante, an array of possible ways to produce it — éonfigurgtions of
capital stock, output and labor embodied in physical "plant". The "arrayJ
.of course might consist of a singla choice -- one kind of plant. PEut it might
not. Which plant is deemed best, ex ante, will depend on relative factor
prices — relatively low priced capital recommends the capital-intensive
plant; low priced labor recommends the opposite.

Figures la through 1d are isoquant maps showing the four highly stylized
possibilities ex ante. Figure la thows a nicely neoclassical array of many
nicely neoclassical plants. Which of the many alternative plants, Ip. will
be most profitable will be nicely sensitive to changing relative factor prices.
The range of ex ante choice is described by the envelope curve, Ia, showing |
the fully range of ways to produce a given output, considering all different
plant options. Figure 1b shows a Putty-Clay Gtowth sort of world in which
each production technique has  fixed coefficients, ex post, Ip, but there are
enough of them that the range of ex ante choice, Ia' is not much different from
the purely neoclassical case, la. The ex ante choice of plant is, once agein,
nicely sensitive to relative factor prices. Getting & bit ahead of the story,

Figure lc shows that there is only a single way to make the product — one
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plant that can produce it — so factor prices can't influence the choice of
plants. But once the plant has been built, there'll be some choice, ex post,
in how to man and run it. Finally, Figure 1d shows the most rigid case
where there is only one way to make the product and, once the plant is built,
there is only one way it can be operated (the meaning of this last statement
is less clear than is usually assumed — a fact developed in D. below).

Take, as an illustration of all this, the production of ton-miles of
freight movement per day. There might be a virtually infinite range of
techniques to achieve a given cutput (Figures la and 1b), ranging from say,
human porters through air freight. Or there might be only one way to move
freight (1c, 1d) — excepting only trivial Yalternatives" that don't matter
because they would be more costly at any set of relative factor prices.
Trucking, for instance, might be the only feasible technology +9 choose.



Then for any one techaique, once it is embodied in extant capitsl -- whether
chosen from the one or the many — there may be alﬁernative ways to operate
(1a, lc) or not (1b, 1d). |

This is ihe asort of substitution that's most a£ issue in development
policies because it describes the potentisl response to factor price policies.
The extremes are the peifectly smooth neoclassical ex ante and ex post
substitutability of la where everything is price sensitive in the smallest
degree at all times and, on the other end, the “shelf of technologies", 1d,
where for each product there exists a single technique (symbolized by "A Book
of Technology") that describes in inflexible detail how a product is to be _

made wherever in the world its production takes piace.

C. Factor Substitution by Choice of Techniques Ex Post

After the choice has been made among alternative possible blants (maybe
a trivial choice among one alternative) and it is operating, there mav atill
be variability in the way to run the plant — in the numbér of mén.that can be
used to operate the given capital stock, achieving different levels of output.
If so, the number of men and machines per unit output will vary in response to
changing relative factor prices. This is "instantaneous ex post" substitutability.

Because.of the discussion in the next part; it is important to be clear
cbout this sort of substitutability. It is what one would find if he walked
into two physically identical plants existing in worlds of very different

in operation.

relative factor prices and watched them / - This gives a comparative
static, "instantanecus" view of the process of production. If the two plants
used different amounts of labor to produce different rates of output, these

would be evidence of ex post instantaneous substitution. Take the truck
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example agein, With none ofzthia sort, of ex post instantaneous substitution,
one »Zuld always and everywhere find (with a given age and sophistication

of truck) the same number of drivers ﬁnd helpers working on each truck at
any moment; Never more nor less, Regardless of how cheap or expensive they
ﬁdght be, additional helpers technically could never increase the output

of a truck (ton miles per day) by, for instance, decreasing the turnaround
time to give a greater proportion of operating time on the road. On the
other ﬁ:and.‘giig ex post instantaneous substitution, an additional driver's
' average rate of

helper could technically increase the/output. Whether he would be hired to
éo 80 would depend, of courss, on his wage rate, but there would be some
page rate at which it would pay to add another helper,

, é Cpprortunity for this kind of substitutability iﬁ often thought to be
quite restricted but the small amount of empirical evidence does not appear
to support that consensus. A recent paper by Ranis, for instance, gives
numerous examples from Japan, Korea and Taiwan in which a quite similar
ﬁlant is operated with quite dissimilar numbers of workers snd consequAantly .
quite different rstes of output -~ when relétive factor prices make it

profitatle to do so [8].

D. Substitution by Chenging Utiligation — the Duration of Préduction and

Idleness Ex Post

“ven after the plant is constructed and even ifnthere 15129 oppoftunity
for instantan~ous factor substitution, there is always opportunity for‘sube
daily (yearly) . _
stitution by changing the/duration of production. Since a capital stoeck is
typically idle much of the time and the pfpportiog of time it is optimally
idle depends on relative factor prices, it will be left idle more of the -
time if the priece of capital is low relative to the prire of labor [14].

(The greater the amount of time the capital stock is idle, of courae, the



less it will produce (thé higher will be the capital-output ratio) and the
fewer the man hours it will use (the higher will be the capital-labor ratio) .
— s0 with any given average work week per man, the.leaa the employment it
will generate. .

In-the truck examplé, this sort of substitution describes, simply, changes
in the proportion of time a truck is operatéd. The truck may be used eight
hours a day employing, say, ane driver and ane helper for a capital-labor
ratio of one (truck) to two (men) and a capital-output ratio of cne (truck) to
240 (ton miles per day).1 But even if ex post instantaneous substitutability

1. In Part II I will more carefully describe this as a "capitel(stock)-labor
ratio" to distingu'shfit clearly as the ratio relevant to investment and
growth — a quite different thing from the instantaneous capital-labor

ratio that describes relative rates of factor service flows [14, 16].

is absent — so if a truck operates at all for instance it uses two men and -
produces at the rate of 30 ton miles per hour — doubling the number of hours
of operation would halve the capital-labor ratio (now l:4) as well as the
capital-output ratio (now 1:480). In a 24 hour day, these crucial ratios

can vary solely through changing utilization between one to two and one to
six for the capital-labor ratio and between one to 240 and one to 720 for

the capital-output ratio (considering only eight hour shifts).

But before I go on any further about this, one very basic empirical
question néeds to be answered — whether there is, in fact, any scope for
this sort of substitution-through-utilization in poor countries in the direc-
tion we're interested in — toward reducing the capital-labor and capital-
output ratios; i.e., increasing utilization. Utilization must, in fact, be
low enbugh in LDCs to bs increased this way or our nice theoretical possibili£y |

in this sense
simply isn't very interesting, The answer iakgncouraging. The present level



‘_oaof manufacturing cfgéﬁal utilizatian in West Pakistan is 1#% -— capital is .
| k:ldle 86% of the time/— and ev:[ldﬁnce from Korea suggests utilizatien at 16%
= capital idle eh% of the time/ In U,S. manufacturing, capital is used about
' 25% of the time — it is idle cver 75% [3]. These figures suggest that there
18 ampie scope for factor substitution to work through incressing utilization.”
| . Since this is a quite different sort of factor substituticn, it isn't
surprising that it can't be described in the usual sort of iaoquant map like
- Figures 1 without modification. Consideration of utilization of the capital
stock ades to the usual description of men and machines end ocutput the
todditianol dimension of the.duration of operation. Figure 2 is tntended to
- suggest this for one especially simple case. On the (k,1) plane is a simple-
instontaneous isoyuant map for ex post production, As drawn, there is no
at any moment of operation,
ex post substitutability —/machines and men must be combined in a fixed
proportion in order to produce a given rate of output, like two men-one truck-
half a‘ton‘mile per minute. Only one rate of output (isoquont) is‘;hown._

‘ Given the (say.‘hourly) rates of flows of inputs, k, 1, and output, g,
the total amount of input and output per day will clearly depend on the |
‘duration of productlon — what proportion of the twenty four hours production ﬁ
takes place. In Figure 2, the duration of operation is aescribed by the value
of flon the time axis and the extension of the instantaneous rate of output
isoquant as a surface showing how long production lasts in the typical day.
operating perlods of 8, 16 and 24 hours are indicated, producing 8q, 16q and

_‘ 2hq of output per day, respectively when q is the rate of output per hour.

These dlfferent daily quantities of output are all made with the same capital

stock., Moving out the time axis from duration of proouctlon fuO to fw2l '

hqurs, constantly'reduces the amount of capital stock needed to produce a

+

- unit of daily output, ‘=~ increased utilization increases capital productivity.

Tt also increases the total man hours of labor employed (the area L = 1 on
' !
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Pigure 2.
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tﬁe'(t,l) plane) with the given capital eiock to produce the constent rate -
of autput. . | )

What would have to be shown, if 1t hadn't been done elsewhore in
considerable detail [1a, 161, is that (a) the daily duration of production
can ogtimal}y be less than the engineering maximum (twentyhfour hours less
meintenance time) and (b) the optimal duration of production is sensitive
to relative factor prices — an increase in the relative price of capital will °
increase the duration of production.
| One quite relevant aspect of this sort of factor—substitution-through—
utilization is that it operates better, more powerfully, the less ie instan-
taneous factor substitution possible ex post. Tﬁe meximum amount of sub-
'.stitution from changing duration of production and idlehess will come when there
_is zero instantanecus elasticity of ex post. substitution,

This is easy to expla‘n. The periods when idleness of the capital stock
is optimsl are periods of relatively high costs of operation — nights, week— i
eﬁds, winters, summers, etc., depending on the production process and its inputs.
Relative factor prices affect the optimal duration of 1d1eness by nisking the cost

increases that occur during these periods relatlvely more or less 1mportant in :
totsl costs. If hdgher night time labor costs, say, were the sole explsnationb

for optimally loaving plant idle, a rise in the price of cnrdtal would make -

any given increase in night %ime labor costs relatively 1ess important — simply
by making capital costs relatively larger. The incentive would be to econoinize

on the now-higher-priced capital stock by using 1t more of the time even

. though this meant incufring soqewhat higher labor costs by extending operations

fiirther into the night. As the capital price increased, therefore, so wdu1d

the optimal duration of production {14,167,

If there were some instantaneous ex post substitutability, then if pro-

duotinn were extended into periods of higher wage rates. part of the potential
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II1.

in slasticities
This can all be put more formallyx-— though diminishing returns to

formality are reached rather quickly. It is helpful to start at the other
end than the verbal description of Part I — to begin with ex post

instantaneous elasticity and work up to ex ante, aggregate elasticity.

A. The Inatantaneous Ex Post Elasticity of Substitution

The basic cancept is an instantaneous production runction tnat describes
the production process at a duration-less moment of time (L,6 Mh] as s

relationship between rates of flcw — of output, g, and factor services, k and 1,

q = gk 1).

The elasticity of substitution for this is the instantaneous ex post elasticity,

al¥) ¥
W o= —=
d(; 1

where w is the wage rate (the price of labor service flow) and p is the cost

of capital service flow. So o describes how the number of people manning

the capital stock ("plant") at any moment of operation changes in response to

changes in wage rate or capital service price. As in Part I, above, when ©

is zero, the plant must be manned by a crew of fixed size -~ more worxers at
e rate of

any moment can't increase/ output at all; fewer will reduce it.

A larger o describes greater responsiveness in the number of workers tending

the plant to changes in relative factor prices. All very standard stuff except,

perhaps, in being carefully confined to instantanecus substitution.
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B. The Ex Post Elasticity of Substitution between Capitnl Stock

(Investment) and Man-hours of Labor

For the same "plant", consider the relationship between the capital
stock (the plant) and the daily (or yearly) labor service flow measuredv
in man-hours and the regponse of this relationship to changes in relative
fuctor prices. The number of daily man hours that will pe used with a given
plant, ex post, is determined by the number of men manning the plant at any
moment during operation (A. above) and how long the plent is operated — the
rate of utilization, The optimel utilization — duration of production
in a typical day (or year) — is a function of relative factor prices [\4'j.

“he ex post elasticity of substitution between capital stock and man-hours is

g0

(2) o =

where 0 is the instantaneous elasticity of substitution (1) end

qu 4

E w—m—
‘ d(% ) u
k

'is‘the elasticity ofvthe duration of production with respect to relative

factor prices.l' E is always negative for o < 1 and positive for o> 1 [ ,§ 1.

1. Daily (yearly) production is
So(k 1) db ‘ u = fh)

where 0 < u< 1 is the proportion of the day (year) the production process is
in operation. The rate of capital service flow, k, will be constant over
the period of operation [0, u] for reasons explained in [W]. If the rate of
labor service flow, 1, is constant, too, then daily (yearly) factor servien
flows are K = Wk and L = ul and daily (yearly) output Q = %q. The production

function Q = #(K,L) is the same as q =_g(k,1).
Since the size of the capital stockkgetermines capital service flow in



operation, k = K when the plant is in operation (but k w O when the plant
~is idle, so cspital ﬁf%us cSannof ol!.e inferred rom the existence of capital
stocks, as is common). k is‘machine—instants of capital service flow; X is
pumber of marhz,r}e%}] For labor, daily (yearly) man-hours, L, and employment
T are 1nterr~hangeabl<z a Tixed average workday, & (8§ < 24 y hours) per

worker, so 8T, = L.

The price of the capital stock is the rental rate or "user cost" [ @l ],
Pk' incurred per day or year of owning the capital, Pk = up. The price of
labor service flow relevant to optimal production is w per man hour where
w = W/u when

'w = fw(t) dt w(t)>0
[o]

is the daily wage cost of filling a position. Though w(t) could be the
“"instantaneous wage rate" relevant to (1) above, the restriction that 1 is
constant over [0,u] while w' > O means that w is the relevant wage rate for
the instantaneous elasticity, (1) and for the stock elasticity (2).
So the instantaneous ex post elasticity (1)

dﬁ)?

ol

and the ex post elasticity between capital stock and man~hours (2) is

0 =

'K \w k W
._S"' d—.' B
gl e ¥
) 'w Ks d !.\. k
A5 /T ("‘Pk} .
Then
' AN
dl=.21 X
- ju 1y P
g 3 -
4 W: k
di=.2= |
\“Pk,-’ !

[d(k/l) - (k/1) du/u] w/p
[d(w/Pk) ~ (W/P,) dufu) k/1

So the elasticity of substitution between capital stock and man-hours or

employment is always greater than the instantaneous elasticity of substitution




e

kf a'{'l. Which makes sense. A change in relative factor prices will

(a) induce a change in the number of men per machine (if o  0) and (b)
induce a change in the optimal duration of operation (if E ¢ 0). Both
affect the number of man-hours used with the machine in the course of the
day. Note that even if there is no instantaneous substitutability (o = 0),
there will nonetheless be a change in the number of man--hours (employment )
per machine in response to changes in factor prices (so ¢ > 0) when E ¢ O.
The fact that the plant must, to use Solo'1's phrase, be operated by

na crew of fixed size" is not the same thing as zero ex post elasticity of
factor substitution between capital stock (investment) and man~hours or
employment. This appears to be an important fact for much of the theory -

of growth (10, et all.

C. The Elasticity of Substitution Ex Ante

Before building the plant we've been talking about — at the investment
planning stage — there was the array of possible plant designs for producing
this product. Each potential plant in that array would embody a different
production function, hence a different ex post instantanevus elasticity of
substitution, 7, (and E) and a different ex post elasticity of substitution
on capital stock, o . Denote these for the 3th potential plant, ex ante,
by 9 and 4 and the corresponding elasticity of utilization, Ei' Of course,
if thore is, ex snte, only one possible plant to build to meke that product,
the "set of alternatives" is the trivial set of one plant -- which would

make the analysis nll verv eagy if rather unlibelew,
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But even this result is useful becsuse if there is only a single
ey ante alternative, then the ex ante elasticity of (stock) subatitution,
7", will be identical to the correaponding ex post elasticity, . If
thore 15 more than one ox ante altemative plant, the ex ante aubstitution
pnasibilities will generally be greater — additional alternatives will
reduce the elasticity, ex ante, vis a vis a single alternative only under
unusual circumstances and then only over part of the range of feasible

capital-labor ratios. So we can express thz ex ante elasticity of sub-

gtitution ss

(L) * = max O L * a(i)

where a(1i) depends on the array of alternatives, their technical charac-
teristics and their number. a(i) will usually be positive. Graphically,
this is the envelope curve in Figures la or 1b that includes all ex post
possibilities and the possibility of choice among them,

D. The Elasticity of Capital Stock Substitution Ex Ante for Many Products

Now consider ex ante an aggregate of products —— a sector or an
aconomy. It includes not only the elasticity of substitution for each
single product, but it encorporates the way changes in relative factor
prices can change the aggregate factor use by inducing changes in the

mix of produsts made, This aggregate ex ante (stock) elasticity, o

will be a weighted average of the jndividual product ex ante (stock)
elasticities plus a term expressing the factor price Induced shift among

industries. So, over Jj industries, the aggregate ex ante elasticity

will be

K .
(5) o% o L(E /)% + L L’}ﬁ/LJ)_i;E.}./l;
PR J 3 d(W/Py :
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‘B, The Sources of Response to Relative Factor Price Changes

Combin:ing these four expressions, we get an elasticity of substi-
tution ex ante for a multi-product sector (or aconomy) that is a function
of the instantaneous flow elasticityojr‘:.‘he positive valued parameter a(i) —
both weighted by the sectorsl distribution of the capital stock — and
the sensitivity of the sectoral distribution of lubor to relative factor

prices.

- | K. g, - E d(L /L)
(6) ot 5 5 -ﬁ[max.%:Ti—i + a(i)] + K}ITJ _(w}__)

This expression describes the recessary conditions for the assertion

that "factor prices don't matter" since they can't influence factor use
~— the necessary conditions for ex ante elasticity of subgtitution to he
zern. In order for this to be true — that theras be no responso in factor

use to changes in factor prices — it is clearly necessary that simultaneouslys

1. Factor use is not affected by product mix d(L /L)/d(W/P ) = O
J "

either because there is only one product in the economy or because the
composition of output is fixed cg\nakimutable so its use of factors is not
varisble by varinfiions in product mix — there is effectively one composite
product,
AND
2. Factor use is not offected by choice of techniques [o(i) = O]

because there is only a single kind of ex post plant, i, that can produce
for each of the j industries that mske up the sector or economy,
AND
3, Utdlization is not affected by factor prices [E «_0] because,
ex post, all capital is utilized at its engineering meximum though that

meximum is mush greater than the optimal-desired levels of utilization suggested by
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all empirical studies of capitalnutilization (s, 12, 15]. (E.mpirically.
the maximum comparable level of capital utilization is thaﬂ of the U,S.
whare capitel 1s utilized about 25% of the engineering moximn [3]. In
poor countries, the rate is much lower (5, 15],)

: = _

4, _The crew required to operate each piece of capital is everywhere

inflexibly set [0 = O] so increasing the number of workers will never
increase thf rate of production and decreasing the yumber will always idle
capitel., -

In order that thpre be no factor response to changing factor prices,

1t 1s necessary that all of these conditions hold oimultaneously.’

1. Equation (6) reveals other permutations that could yleld a zero
aggrepgate elasticity: -
K., /u,  d(L,/L)

s, If 3(RJ/R) 5*3 -,3 T Erﬁ}§;7 , the average aggregate

response of each industry's factor use would just exactly offset
an opposite shift of product between jndustries, the change in
factor prices inducing a net shift into the industries using the

larger amounts of the now-more-expensive factor.

b. If the prcduct-mix term of (6) were zero and o = -a(i), every
industry would have to have at lcast one feasible ex post
tecknigque with fixed stock coefficients (msxcimum utilization
and all) and that ex post technique would be the optional
choice for every industry in the tangle of factor prices
being examined.

¢, If the instantaneous elasticity and utilization elasticity were
of the same value and sign, ¢ = E. There is no empirical evi-
dence to sho. that this is not possible. But then there is no
empirical ¢ Jence at &1l on either o cr E. When the concept
of © has been identified or described, both the (one piece of)
empirical literature (8] and the speculative-theoretical 1it-
erature [10] deal entirely with values of ¢ near zero. And
this analysis suggests that o is much less than estimated elas-
ticity. It seems unlikely that ¢ is greater than one.
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Fanpi i el entimntes-of elagticitiea of subsiitutibn ﬁnve bren made
f'ar hoth advanend ond underdeveloped countries with penerally similar
rasult-:  that cstimated values range, sebtof by sector, from around .S

to the order of 1.6 with virtually all estimotes significantly different
from zero. C(ross saection data generally yield higher elasticity estimates
than do time series. See [1] for an excellent sumrary of the literatu=a,

Fmpirical estimates are based on aggregates. Two useful statements

can be made about these estimated values on the basis of the preceding

analynis.

First, empirical elasticity estimates will be 1arger‘than the under-
lying instantaneous, ex post elaaticities. So observed, aggregate elas-
ticities can be much greater than ane and still be consistent with a
£ e elasticity less than one. This, importantly, preserves the
relevance of the theory of optimally idle capital [14] in face of high
émpirical estimates of elasticity of substitution pre~ter than onc.

Second, empirical elasticity estimates will penerally underestimate
the possibilities for substitution open with new investment —— the
elasticity relevant to development planning. Empirical estimates of elasticity
are an amalgum of ex ante and ex post elasticities. Consider a time series
estimate first (and abstract entirely from technical change). In the
simplest scenario, there will be (1) a set of plants in existence at to
then (2) a (one-shot) change in relative factor prices at t, (3) after
which additicnal plants will be built and then (4) at ti elasticity is



estimated. The elasticity of substitution between the two dates will
mensure (a) a response ex post by the plants eristing at both t and
tl and (b) a response ex ante as new, post—t plants are chosen in
1ight of the new factor prices. Ex ante elasticity o* is greater ;han
 ex post 2lasticity . d and the weight
that the larger, ex ante element will get in an empirical estimate will
depend on the proportion of the t1 capital stock that was built after
the price chenge at to. With a cne shot price change, the estimated
elnsticity of substitution would be |

K s L d(L/L)

where the amount of capital in industry j built prior to the price'
change is s .t and after the price change is K a3 So ceteris paribus,
the mveater the gross rate of investment the greater will be the
estimated elasticity of substitution. The more recent (or faster)

the relative price change, the smaller will be the astimated elasticity.
A11 with the same actual elasticity, o%#, And all this abstracts from
technical rhange. .

So empirical estimates of elasticity of substitution will understate
the "pure" ex ante elasticity of substitution that's relevant to fore-
casting price responsiveness in development planning. The observed
elasticity of substitntlon will underestimate the sabstitution that
can be expected with new investment because empiricel estimates include
jnfluence of “he laower ex post reopanse of plants already in existence
at the time of the price change. Only if a time scries measured response
so long after a (one-shot) factor price change that all capital had been
replaced since the price change (K;J s 0) — only then would empirical

time series estimates reflect the full opportunity for factor substi tution.
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fross section elasticities should better reflect the "pure" ex ante or

- Pianner's elasticity since the variation in faétor priceé will be more
complétely reflected in the capital stock., Indeed, if each ob;ervation
vere taken fron an environment in which the factor prices had prevailed
long enough that in each case the entire capital stock had adjusted to
them, the cross section elasticity estimates would yield an accurate
picture of ex ante substitution possibilities. This may weil explain

the fact that higher elasticity estimates are found in cross section than

in time-series data [1].

v,

This paper has examined the fact that the output and employment per
unit of capital stock (investment) can be varied by any one of four quite
different mechanisms which are systematically related and which all
induce factor substitution in the same (neoclassical) direction with a
crhanre in relative factor prices. Verbal and graphic descriptions of
these mechanisms were supplemented by derivation of elasticities of
substitution and relaticnships between them. The necessary conditions
for the zssertion that "factor prices don't mattor” are shown to be terribly
stringent. And empiricsl elasticity estimates are siiown typically to be
(a) larger than the ex post instantaneous elasticiti3of optimal utilization
theory and (b) smaller then the ex ante aggregate clasticity that's

relevant to develnpment planning.



REFERENCES

1.

4.

5.

10.

11.

13.

14,

15.

v

oY -‘.”

Bruton, Henry J. "The Elasticity' of Subatitutio}x in Developing Countries,"
:illiamg College Research Memorandum No. 45, (April, 1972), Williamstown,
‘Mass,

[ ,R‘."‘{ .
. Piez~Alejandro, Carlos F., "Labor Productivity and Other Characteristics

"of Cement Plants: An International Comparison," Center Discussion Paper
No. 105, Economic Growth Center, Yale University, New Haven, Conn.

Foss, Murray F., "The Utilization of Capital Equipment: Postwar Compared
with Prewar," Survey of Current Buainess, (June, 1963), pp. 8-16.

Georgescu-Boegen, Nicholas, "The Lconomics of Production," The Ameoricen
Economic Review, Vol LX, No. 2, (May, 1970), pp. 1-9.

Kim, Young Chin, "Optimal Use of Capital Stock and Level of Fconomic
Deveiopment," DeKalb, Illinois (mimeo), March, 1972.

Lucas, Robert, Jr., "Capacity, Overtime and Empirical Production Functions,"
American Economic Heview, Vol IX, No. 2 (May, 1970), pp. 23-T7.

Production, Studies in Income and Wealth, Vol, 31, by the Conference on

Nerlove, Marc, in Brown, Murray, ed., The Theory and Empirical Analysis of |
Research in Income and Wealth, NBER, (New York: Columbia University Press, 1967). |

Ranis, Gustas, "Industrial Sector Labor Absorption," Center Discussion
Paper No. 116, Economic Growth Canter, Yale University, New Haven, Conn.

Roemer, Michael, '"Relative Factor Prices in Ghaneian Ma ufacturing, 1960-1970"
Accra, Mimeo, 1971.

Solow, Robert M., "Substitution and ¥Fixed Proportions in the Theory of
Capital," Review of Economic Studies, XXIV (June, 1962), 207-18,

Matthewé. 'R.C.0., "The New View of Investment: Comment" Quarnterly Journal
of Economics, Vol., LXXVIT, NO. 1 (February, 1964), 164-172.

Thoumi, Francisco E., "Industrial Capacity Utilization in Columbia:
Some Empirical Findings," University of Minnesota, Mimeo, 1971,

Williamson,  Jeffrey G., "Capital Accumulation, Labor Saving and Labor
Absorbtion Once More," Quarterly Journai of Economics, (February, 1971),

pp. 40-65.

Winston, G‘oi“don C., "Capital Utilization and Employn:nt: A Neoclassicel
Model of Cptimal Shift Work," Kurachi, Mimeo, Novemi.r 1970 (revised).

WInston, Gordon C., "A Comparison of Capital Utiliwzation in Pakistan and
the United States," in Singer, Hang, et al, eds Employment and Economic
Development, (Penguin, forthcoming). _




