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On +.he Tnevitability 

nf
 

Factor Subatitution
 

There is an abundance of labor and a shortage of capital in poor 

rountries. But 'alonmg with these factor proportions, production terhnimies 

are frequently employed that .re virtually identical to those in advanced 

countries wnere capital is abundant and labor is scarce. Two sorts of 

explanations for this paradc:" have been advanced: 

(n) that the prices of cnpital and labor in poor countries are so 

similar to those in advanced countries - they so inaccurately reflect 

re,] scarpities - that it has been made profitable for firms to use 

.dvanred-country terhninues even though those techniques are highlv in­

;,prnpreate an rnstly in output and employment, or 

(b) that there is no choice In techniques of production s if 

rroducts (espeeelly industrinl) aro to be made at kll, they must be 

made according to techniques rigidly determined by and embodied 

in Pdvancod country cai tal eruipment - the "shelf of technologies" 

is very nrecise, detniled and allows of no substantial modifications 

to -eke a technologv more approprite to poor countries and their 

factor endowments. 

* 	 This rnrpr wns drpfte ,-hile T wAs q vinitor Pt Nu ffield rnl.lege and 
fr.m,-s+. r. th'. Tnstitute for (nm nnvealth qtudies, Oxfrd. A.R. Khnn. 

n, -,-.Erl MrFnrlant', Steve Lewi:: and John Todd were especially 
helpful in srrttinq errors .nr making suggestions. 
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in poor countriesBoth axplanations accept that factor endowments 

that their limited vapitAlore not reflected in the choice of technique ­

saving and risky foreign borrowing)stock (expanded by painful domestic 

shnuld produce more output and more employment and that it would if the 

less Western and more fitting to the circumstancestechnologies chosen were 

of the cruntry. They diffe- in their 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 is right. The second holds that factor 

prices don't make any difference since, whatever they are, there is no 

choice open to the firm in the poor country, anywav. 

The difference is terribly- important to development policy. 

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

Whether,of men and machines to respond to changes in their relative prices. 

to put it negatively (which best suggests the effects of current develop­

and labor might help explainment strategies), the wrong prices of capital 

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 bekenough. 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 

we will formalize the relationshipsrelative factor prices. In Part II, 

between these sources of substitution, deriving the progression of elasticities 

In Part III, we briefly consider whatof substitution that describes them. 


is measured by empirical elasticity estimates and what thece do and don't
 



We will
Imply for possibilities of factor subititution in development planning. 

:,bhtrnet throughout from technical c.hange. 

I. 

Factor substitution can work through (a) the ex ante choice of which 

product to make 1 , (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 (lo,ll]. "Ex Post" describes substitution after a "plant"
 

(capital stock) is installed, embodying a particul]r 
technology. 
"Ex Ante"
 

in contrcst, describes options before any (durable) committment has 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) the ex post choice of the proportion of the time to operate that plant.
 

These are not, of course, conceptually separate, sequential decisions. In
 

deally be determined simultaneously.
optimal, static planning, they would 
.


But they can usefully be treated in sequence in the verbal discussion of this
 

part, moing from the most aggregate to the most detailed J.zvel 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 capital and 
labor.
 

If capital is cheap relative to labor, those products and services that 
are
 

made with relatively a lot of capital and little labor will look profitable
 

to a firm or to a planner. If capital is expensive, a different set of
 -


producte.and services will be most profitable. So the amount of employment
 



to be got from n riven capital stock will be influenced by factor prices 

of output. This kind of factor substitutionas they influence the composition 

would be eliminated only in the event that either there were'no choice 
about
 

were 	 with techniqueswhat to produce domestically or that all products made 

of the same capital and labor relationships. 

B. Factor Substitution through Choice of Techniques Ex Ante 

been made 	 to produce a particular product, there
After the decision has 

an array of possible ways to produce it - configurations of
exists, ex ante, 

capital stock, output and labor embodied in physical "plant". The "array" 

one kind of plant. But it might
-of course might consist of a singla choice --

Which plant is deemed best, ex ante, will depend on relative 
factor 

not. 


the capital-intensivepricee - relatively low priced capital recommend3 

plant; low priced labor recommends the opposite. 

showing the four highly stylizedld isoquant mapsFigures la through are 

Figure la 	,hows a nicely neoclassical array of many
possibilities ex ante. 


Which of the many alternative plants, Ip, will 
nicely neoclassical plants. 

to changing relative factor prices.
be most profitable will be nicely sensitive 

I e , showingante choice is described by the envelope curve,
The range 	 of ex 

range of ways to produce a given output, considering all different
the fully 

plant options. Figure lb shows a Patty-Clay Gkowth sort of World in which 

fixed coefficients, ex post, IP, but there are 
each production technique has 

choice, is not much different fromanteenough of them that the range of ex I a 


once
The ex ante choice of plant is, again,
the purely neoclassical case, la. 

Getting a bit ahead of the story,
nicely sensitive to relative factor prices. 

only a single way to make the product - one 
Figure Ic 	 shows that there is 



I I
 

Figure la Figure Ib 

Figure idFigure Ic 

plant that can produce it - so factor prices can't influence the choice of
 

But once the plant has been built, there'll be some choice, ex post,
plants. 


in how to man and run it. Finally, Figure ld 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
 

There might be a virtually infinite range of
freight movement per day. 


techniques to achieve a given output (Figures la and lb), ranging 
from say,
 

human porters through air freight. Or there might be only one way to move
 

excepting only trivial "alternatives" that don't matter
 freight (lc, ld) ­

because they would be more costly at any set of relative 
factor prices.
 

Trucking, for instance, might be the only feasible technology 
to choose.
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Then for any one technique, once it is embodied in extant capital - whether 

chosen from the one or the many - there may be alternative ways to operate
 

(la, lc) or not (lb, ld).
 

This is the sort of substitution that's most at issue in development
 

policies because it describes the potential response to factor price policies.
 

The extremes are the pezectly 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", Id, 

where for each product there exists a single technique (symbol.zed by "A Book 

of Technology") that describes in inflexible detail how a product is to be 

made wherever in the world its production takes place. 

C. Factor Substitution by Choice of Techniques Ex Post
 

After the choice has been made among alternative possible plants (maybe
 

a trivial choice among one alternative) and it is operating, there may still 

be variability in the way to run the plant - in the number of men 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
 

This is "instantaneous ex post" substitutability.
changing relative factor prices. 


Because of the discussion in the next part, it is important to be clear
 

It is what one would find if he walked
about this sort of substitutability. 


into two physically identical plants existing in worlds of very different
 
in operation. 

This gives a comparativerelative factor prices and watched them / 

If the two plant6static, "instantaneous" view of the process of production. 


used different amounts of labor to produce different rates of output, these
 

would be evidence of ex post instantaneous substitution. Take the truck
 



example again. With nne of this sort of ex post instantaneous substitution, 

one *-sdd always and everywhere find (with a given age and sophistication 

of truck) the same number of drivers and helpers working on each truck at 

any moment. Never more nor less. Regardless of how cheap or expensive they 

might 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 £vater proportion of operating time on the road. On the
other trand, wih ex post instantaneous substitution, an additional driver's 

average rate of

helper could technically increase the/output. Whether he would be hired to
 

do so would depend, of course, on his wage rate, but there would be 
 some 

rage rate at which it would pay to add another helper. 

*, Opportunity for this kind of substitutability is often thought to be 
4uite restricted but the small of empiricalamount 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
 

plant is operated with quite dissimilar numbers of workers and consequently 

quite different rates of output -- when relative factor prices make it 

profitable to do so [8].
 

D. Substitution by Changing Utilization 
- the Duration of Production and 

Idleness Ex Post
 

-Lven after the plant is constructed and even if there is no opportunity 

for instantanoous factor substitution, there is always opportunity for sub­
daily (yearly)


stitution by changing the/duration of production. Since a capital stock is 

typically idle much of the time and the proportion of time it is optimall:,/ 

idle depends on relative fnrtor prices, it willl be left id]e more of th: 

time if the price of capital is low relative to the price of labor Il/al. 

The greater the amount of time the capital stock is idle, or course, th: 



less it will produce (the higher win be the capital-output ratio) and the 

fever the man hours it will use (the higher will be the capital-labor ratio)
 

- o with any given average work week per man, the less the employment it 

will generate.
 

In the truck example, this sort of substitution describes, simply, changes
 

in the proportion of time a truck is operat~d. The truck may be ujed eight
 

hours a day employing, say, one driver and one helper for a capital-labor
 

ratio of one (truck) to two (men) and a capital-output ratio of one (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 "capital(stock)-labor 

ratio" to distingu sh it clearly as the ratio relevant to investment and 

growth - a quite different thing from the instantaneous capital-labor 

ratio that describes rtlative 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 1:4) 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 needs to be answered - whether there is, in fact, any sco 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 fart, be
 

low enough in LDCs to bs increased this way or our nice theoretical possibility
 
in this sense
 

simply isn't very interesting. The answer iskencouraging. The present level
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.!of manufacturing capital utilization in West Pakistan is 14% - Capital is 

idle 86% of the timie!- and evidence from Korea suggests utilization at 16% 

- capital idle 84% of the time/ In U.S. manufacturing, capital is used about 

25% of the time-- it is idle ever 75% [3]. These figures suggest that ther6 

is ample scope for factor substitution to work through increasing utilization. 

Since this is a quite different sort of factor substitution, it isn't 

surprising that it can't be described in the usual sort of isoquant map like 

Figures 1 without modification. Consideration of utilization of the capital 

stock adas to the usual description of men and machines and output the 

additional dimension of the duration of operation. Figure 2 is intended to 

suggest this for one especially simple case. On the (k,l) plane is a simple. 

noinstantaneous isoquant map for ex post production. As drawn, there is 

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 (isoquant) is shown. 

Given the (say, hourly) rates of flows of inputs, k, I, and output, .9, 

the total amount of input and output per day will clearly depend on the 

duration of production - what proportion of the twenty four hours production 

takes place. In Figure 2, the duration of operation is described by the value
 

of f on 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 periods of 8, 16 and 24 hours are indicated, producing 8q, 16q and
 

24q of output per day, respectively when q is the rate of output per hour.
 

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

stock. Moving out the time axis from duration of production f-O to f=24
 

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

unit of daily output;- increased utilization increases capital productivity. 

= fl onIt also increases the total man hours of labor employed (the area L 




k 

24-+ 

16 

8 

" 

q 

_ _ _ _1 61 

16hrs 
_ _ _ _ _ _ _ _ 

maxf_24_....' 24 hrs 

Figure 2. 



the (t,l) plane) with the given capital stock to produce the constant rate
 

of output. 

What would have to be shown, if it hadn't been done elsewhere in 

considerable detail [14, 16], is that (a) the daily duration of production
 

can optimally be less than the engineering maximum (twenty-four hours less 

maintenance time) and (b) the optimal duration of production is sensitive
 

- an increase in the relative price of capital willto relative factor prices 


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 is instan-

The maximum amount of sub­taneous factor substitution possible ex post. 


stitution from changing duration of production and idleness will come 
when there
 

is zero instantanecus elasticity of ex post substitution.
 

This is easy to explain. The periods when idleness of the capital stock
 

is optimal are periods of relatively high costs of operation - nights, week­

ends, winters, summers, etc., depending on the production process 
and its inputs.
 

Relative factor prices affect the optimal duration of idleness by making 
the cost
 

increases that occur during these periods relatively more or less 
important in
 

the sole explanationtotal costs. If higher night time labor costs, say, were 

for optimally leaving plant idle, a rise in the price of capital would 
make
 

any given increase in night time labor costs relatively less important 
- simply
 

by making capital costs relatively larger. The incentive would be to econoize
 

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

by extending operations

though this meant incurring somewhat higher labor costs 


As the capital price increased, thereforo, ao w~uld

ffirther into the night. 


the optimal duration of production [14,16].
 

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

rates, part of the potential.
,i 'inn were extended into periods of higher wage 



increase inlabor costs could be avoided by reducing the number of workers
 

per machine - instantaneous substitution allows that. So the man hours of
 

labor used with the capital stock would not increase proportionally to the
 

increase in utilization nor would output. If, in contrast, there were no
-

instantaneous substitutability - a fixed number of men was required to operate 

each unit of capital stock - then the increase in man hours would be propor­

tional to the increase in the duration of production. Zero instantaneous
 

ex post elasticity of substitution, ineffect, prevents firms from slithering 

out from under the higher night time wage rate by reducing labor input.
 
aInthe trucking example, one last time, if there were/fixed crew of, say,
 

two men per truck (driver and helper),. doubling the duration of operation of
 

the truck would double - no more, no less - both employment and output. 

But if it wore possible, instead, to operate the truck either with two men
 

(driver and helper) or with one (driver alone producing ton-miles at a lower
 

rate), then a doubling of the period of production might only increase em­

ployment by half and output would be less than doubled. The truck would
 

run during the day with a two man crew when labor was cheap, but at night with
 

only a driver because labor costs were higher. At the night time wage rate,
 

the helper wouldn't pay for himself even though it would still be profitable
 

to operate the truck at night rather than let it sit idle.
 

So the more valid is the assertion of no ex post instantaneous substitution
 

between factors, the greater will be the factor substituticn induced through
 

changes in the rate of utilization in periods of operation and idleness.
-

1. Another instantpneous flow elasticity -- the ex .nnte flow elnstirit..
 
nl so influenres opti.ml utilinti on in determininr 
 +;e r-eI ntive import'nr'e
in unit Posis of the rhythmirnlly viyl.ng .input in the inve t.ment dprisinn.
Tt is not e.qqentini to this divsiss4 nn th nur'- it, fimir., prnmin,+n1, in 
+,h th,,r, nf idle trnpi tnil l/. 



II. 

in elasticities
 
This 	 can all be put more formally- 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 po3t 

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

A. 	 The Instantaneous Ex Post Elasticity of Substitution 

The basic concept is an instantaneous production function that describes 

the 	production process at a duration-less moment of time CL, 6 ,14 ] as a 

rates of flow - of output, q, and factor services, k and 1,relationship between 

q 	 $(kt 1). 

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

(1) o - d . 

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

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

the capital stock ("1plant'l) at any moment of operation changes in response to
 

changes in wage rate or capital service price. As in Part I, above, when 0 

the plant must be manned by a crew of fixed size - more woricers atis zero, 
-he rate of 

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

A larger 0 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 instantaneous substitution. 



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 servic, flow measured 

in man-hours and the response of this relationship to changes in relative 

factor prices. The number of daily man hours that will oe 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 plant is operated - the
 

duration of production
rate of utilization. The optimal utilization ­

1
in a typical day (or year) - is a function of relative factor prices [ 4 ]. 

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

o-E 

(2) a 

where 	a is the instantaneous elasticity of substitution (1)and 

W
 
EM
 

is the elasticity of the duration of production with respect to relative 

factor prices.1" E is always negative for o < I and positive for a > h .6 1. 

1. Daily (yearly) production is
 
u 

Q S (k,l)dt, u 
0 

where 0 < u < i is the proportion of the day (year) the production process is 

The rate of capital service flow, k, will be constnnt overin operation. 


the period of operation [O,u] for reasons explained in [|4 1. If the r:,to or 

labor service flow, 1, is constant, too, then daily (yearly) factor servicr 

- uk and L - ul. and daily (yearly) output Q - "'. The prnlurti(Ir,flows are K 


function Q- (K,L) is the same as q - $(kl).
 
Since the size of the capital stockAdeterminesrm capital service flow in 



operation, k - K when the plant is in operation (but k. 0 when the plant 
is idle, so capital flows canot o? inferred from the existence of capital 
stoeks, as is common). k iskmachine-instants of capital service flow; K is 
number of machries For labor, daily (yearly) man-hours, L, and employment

I tlere is are interchangeablel a fixed average workday, 8 (8< 24 u hours) per 

worker, so 81 - L. 

The price of the capital stock is the rental rate or "user cost" (14 ]q 

Pk, incurred per day or year of owning the capital. Pk w up. The price of 
labor service flow relevant to optimal production is w per man hour where 
w .	 W/u when 

u
 

W 	 S w(t)dt w(t) > o
 
0
 

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 [O,u] while w' > 0 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)
 
W
/k/ 


diW k
 
di )Pk
 

and the ex post Alasticity between capital stock and man-hours (2) i
 
'K \ 

Then,
 

uUlPk 

d;'- W k
 

dy;.i5 i
 

[d(k/1)- (k/l) du/u] W/Pk
 

[d(W/Pk) - (w/Pk) du/u] k/ 

a- E
 

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

employment is always greater than the instantaneous elasticity of substitution
 



if a ' 1. Which makes sense. A change in relative factor prices will 

(a) induce a change in the number of men per machine (If a 00) 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 (a - 0), 

there will nonetheless be a change in the number of man-hours (employment) 

per machine in response to changes in factor prices (so U > 0) when E 0. 

The fact that the plant must, to use Soloy'a phrase, be operated by
 

"a 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 miuch of the theory 

of growth Io, et al]. 

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 instantaneous elasticity of
 

substitution, 0, (and E) and a different ex post elasticity of substitution
 

on capital stock, . Denote these for the ith potential plant, ex ante, 

by oi and and the corresponding elasticity of utilization, Ei. O" course, 

if there is, ex ante, only one possible plant to build to make that product, 

-- which wouldthe "set of alternatives" is the trivial set of one plant 


',.
 
make thp' annlysis nlI very eAsy if rnt.hor inliP"

1 



But e'!en this result is useful because if there is only a single 

e ante alternative, then the ex Ante elasticity oi (stock) substitution. 

70 ,will he identical to the corre.ponding ex pot easticity, F . Tf 

there in more than one ox nnte nlternntive plant, the ex nnte substitition 

additional alternatives will
po3sibilities will generally be 	greater ­

reduce the elhsticity, ex ante, vis a vis a single alternative only under 

range of feasibleunusual circumstances and then 	only over part of the 

So we can express the ex ante elasticity of sub­capital-labor ratios. 


stitution as
 

(4) max + a(i) 

where 	a(i) depends on the array of alternatives, their technical charac­

a(i) will usually be positive. Graphically.teristics and their number. 


this is the envelope curve in Figures la or lb that includes all ex 
post
 

possibilities and the possibility of choice nmong thom.
 

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

Now consider ex ante nn aggregate of products - a sector or an
 

It includes not only the elasticity of substitution for each
 economy. 


single product, but it encorporates the way changes in relative 
factor
 

prices can change the aggregate factor use by inducing changes 
in the
 

This aggregate ex ante (stock) elasticity, B**,

mix of products made. 


will be a weighted average of the individual product ex ante (stock)
 

elasticities plus a term expressing the factor price Induced 
shift among
 

ante elasticityindustries. So, over j industries, the aggregate ex 

will be
 



1. 	 The Sources of Response to Relative Factor Price Changes 

Combin ingthese four expressions, we get an elasticity of substi­

tution ex ante for a multi-product sector (or economy) that is a function
 

of the 	instantaneous flow elasticityA the positive valued parameter a(i) ­

both weighted by the sectoral distribution of the capital stock - and
 

the sensitivity of the sectoral distribution of labor to relntive factor
 

prices.
 

.K/ 	 d(L /L) 
(6) 	 ~ [maxnj-~ + ci(i)] + 

i
 

This expression describes the necessary 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 substitution to he
 -


that ther3 be no response In fnctor
zer. In order for this to be true ­

it is clearly necessary that simultaneously:
use to changes in factor prices ­

1. Factor use is not affected by product mix d(L,/L)/d(W/P) - 0 

either 	because there is only one product in the economy or because the
 

composition of output is fixed ekimmutable so its use of factors is not
 

va-iable by var:iWdons in product mix - there is effectively one composite
 

product,
 

AND
 

2. Factor use is not affected by choice of techniques [(i) - Oil 

because there is only a single kind of ex post plant, i, that can produce
 

for each of the j industries that make up the sector or economy,
 

AND
 

= 
3., Utilization is not affected by factor prices-rE .Obecause,
 

ex post, all capital is utilized at its engineering maximum though that
 

maximum is much greater than the optimal-desired levels of utilization suggested by 



all empirical studies of capital utilization [5, 12, 15]. (E mpirically, 

the maximum comparable level of capital utilization is that of the U.S. 

utilized about 25% of the engineering maximum [1]. In
,where capital is 

rate is much lower [5, 151,)poor countries, the 

AND
 

of capital everywhere
h. The crew required to operate each piece is 

will never
inflexibly set [a - 0] so increasing the number of workers 

increase tha rate of production and decreasing the itumber will always idle 

carita). 

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

conditions hold simultaneously.it is necessary that all of these 

zeroother permutations that could yield a 
1. Equation (6) reveals 

/L 
aggregate elasticity: d(L /L) 

the average aggregate
d pas if g)*J u. 

response of each industry's factor us, would 
just exactly offset 

an opposite shift of product between industries, 
the change in 

factor prices inducing a net shift into the 
industries using the 

larger amounts of the now-more-expensive factor. 

. - c(i), everyterm of (6) were zero and a
b. If the product-mix 

at least one feasible ex postindustry would have to have 
stock coefficients (msximum utilization
technique with fixed 

all) and that ex post technique would be the 
optional


and 
choice for every industry in the tangle of 

factor prices
 

being examined.
 

c. If the instantaneous elasticity and utilization 
elasticity were
 

. E. There is no empirical evi­of the same value and sign, a 

dence to sh.,, that this is not possible. 
But then there is no
 

When the concepton either 0 or E.
empirical e Jence at all 

has been identified or described, both the 
(one piece of)


of a 
empirical literature [8] and the speculative-theoretiri] lit­

erature [10] deal entirely with values of 0 near zero. 
And 

this analysis suggests that o is much less 
than estimated elas­

one.aticity. It seems unlikely that is greater than 



TT.
 

e.timntes of e1n.ticitien of substitution have bnen mAde
,'nr l rirl 

simill r rrr hnt.h -dvnend and underdevelopod countries with generally 

range, sector by sector, from irnund! .rmnult7: thnt estimated values 

to the order of 1.6 with virtually all estimates significantly different 

Cross section data generally yield higher elasticity estimatesfrom zero. 

excellent sumriry of the li eriti-n. 
then do time series. See [1] for an 

Rnpirical estimates are based on aggregates. Two useful statements 

the basis of the p.-ecedingcan be made about these estimated values on 


analysis.
 

First, empirical elasticity estimates will be larger than the 
under-


So observed, aggregate elas­lying instantaneous, ex post elasticities. 


ticities can be much greater than one and still be consistent with 
a
 

MTis, importantly, preserves the
elasticity less than one. 


relevance of the theory of optimally idle capital [141 in face of 
high
 

empirical estimates of elasticity of substitution prpnter thn onc.
 

Second, empirical elasticity estimates will generally underestimate
 

the
the possibilities for substitution open vith new investment -


Empirical estimates of elasticity
elasticity relevant to development planning. 


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 to,. (3) after
 

at t elasticity is
 
which additional plants will be built and then (4) 




The elasticity of substitution between the two 	dates 
will
 

estimated. 


measur*4. (a) a response ex post by the plants e	zisting 
at both to and 

plants are chosen in 
tI and (b) a response ex ante 

as new, post-to 

livht of the new factor prices, Ex ante elasticity & is greater than 

ex post elasticity 
' and the weight 

that the larger, ex ante element will get in 
an empirical estimate will
 

depend on the proportion of the ti capital 
stock that was built after
 

the price change at t0. With a one shot price 
change, the estimated
 

elasticiti of substitution would be
 

d(Li/L)
 _
_Ki/Li 


(7) - r9 +* 

where the amount of capital in industry j 
built prior to the price
 

So ceteris paribus,
and after the price change is Kaj.
change is KP., 


the gR-eater the gross rate of investment 
the greater will be the
 

The more recent (or faster)

estimated elasticity of substitution. 


the relative price change, the smaller 
will be the estimated elasticity.
 

And all this abstracts from
 
All with the same actual elasticity, -**. 


technical Ohange.
 

So empirical estimates of elasticity 
of substitution will understate
 

the "*pure" nx ante elasticity of substitution 
that's relevant to fore­

. The observed
 
casting price responsiveness in development 

Zln 


elasticity of substitution will underestimate 
the suabstitution that
 

can be expected with new investment 
because empirical estimates include
 

influence of the lower ex post reoponse 
of plants already in existence
 

Only if a time series measured response
 at the time of the price change. 


so long after a (one-shot) factor price change 
that all capital had been.
 

only then would empirical
-

replaced since the price change (Kpj 

= 0) 


series estimates reflect the full opportunity 
for factor substitution.
 

time 



Cross section elasticities should better reflect the "pure" ex ante or 

Planner's elasticity since the variation in factor prices will be more 

completely reflected in the capital stock. Indeed, if each observation 

were taken from 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 well explain 

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

in time-series data [I]. 

IV. 

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 mecha.nisms which are systematically related and which all
 

induce factor substitution in the same (neoclassical) direction with a
 

-hanre in relative factor prices. Verbal and graphic descriptions of
 

thesemechnnisms were supplemented by derivation of elasticities of
 

substitution and relationships between them. The necessary conditions
 

fnr the 3ssertion that "factor prices don't mattor" are shown to be terribly
 

strinpent. And empirical elasticity estimates are siown typically to be
 

(A) larger than the ex post instantaneous elasticdty of optimal utilization 

theory and (b) smaller than the ex ante aggregate elasticity that's 

relevant to development planning. 
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