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Measuring Input Substitution and Output Expansion Fffects:
A Nonparametric Approach

In this paper a new framework is developed for measuring in-
put substitution and output 'vx;‘m‘nsﬁml effects. Th@ wajor ad-
vaniages of the proposed approach include that {i) specification
and for estimation of any parametric funciions are not reguired:
(i) the framework is nperational as long as two or more ohser-
Cvations on juputs and input prices are available; and (iii) more
insightful information can be obtained in comparison with the
 conventional approach. Ay empirical application of our approach
1o Japanese mannfacturing data yields results which satisfy a

priori expectations,

1  Introduction

Studving input substitution and outpnt expausion effects’ is of considerable
importance in production theory {Ferguson 196%; Sakai 1974), trade theory
{Finger 1969: Grubel and Lloyd 1971), price theory and welfare eeonomics
{Hughes 19813 and macroeconomics {Kreinin, Ramsey and Kmenta 1971).
In partienlar, if factors are substitutable for one another, policies can be e
signed to adjust resource or income allocation while maiutaining o0 expand.
ing total output. To implement such kinds of policies requires knowledge of
the directions as well as magnitudes of the substitution und onipnt expan.
sion effects, Quandification of these offects is also exsential for evaluating
the impacts of any changes in policy and other parameters in an economy
that influence fnput prices and producers invostmen! behavioars, Yor exam-

ple, the analysis of substitution and output expasion sffects resulting frow

e cancept of outpnt expansion effect u cf in this paper is alternatisvely termed soale

or autpnt effect elsewhers, s Nogatani (19780 vod Lopez {1984]
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euergy price changes are important not only to a nation's well-being in the
long run, but alse potentially have implications for global political stability.

Previous studies on factar substitutions are likely to suffer from the many
usual problems associated with model spocification and estimation. As is
widely koo, policy conclusions drawn from such studies are sonsitive to
funetingal form speciffeation and perhaps estimation techaiques, Moreover,
there ix ofien an dear-cnt basis as to which form and estimation techuique
are the best choices despite rapid dovelopmend of various test procedures in
ecopomettic theory in the past decade or so. To overcome these deficioncies
fsherent in conventional approaches, a now framework is proposed in this
paper. where parametric sperification of production or profit luctions s
ned required,

The paper is orpanised i Vhe fullowing sequence. o the next Section,
basic concepts relovant 1o substitution and output expansion effects are
briefly discussed. The new approach is presented in Section 3. An empirical
application using Japanese manufacturing data on labour (L) and capital

tK}is undertaken in Section 4. Finally, Section 5 concludes the paper.

2 Input Substitution and Output Expansion Ef-
fects: Basic Concepts

The copeepts of inpat substitution and eatput expansion eflects can best
he explained with an aid of a dagraom, sueh as Fignee 1 T the Vignee, X,
represents an gt vertor aith prives Poawd IY Vdenotes an bognant with
outpat devel ¥, tr= 1,25 Suppose the prodocer spder examination fares an
outlay comstraint Cyor Py Xy + 5N, = oy, where oy is the total produetion
bagdget available to the prodocer, the equilibrism paint will be at Xy in
Pignre 1. Sow. withont loss of geaesality, assaming Py deereases selative
to Fy, sy becoming By awd T, the nes oquilibrivm poim on 100 will

heemmoved 0 X The imoroment of Ny from the actual salues oy 1o 5§ 0=



defined us the substitaiion sffect. The socputlay curve correaponding to the
new equilibrinm point Xp can be represented by O or PPy 4 15 X = o],
where ¢} denetes the artual production cost at Xp. It is a rule rather than
exeeption that ¢ £ ey = Pury 4 Parg. Tor the purpose of illustration, it is
assumed here that ¢f > ef. Shice tie purchasing power of the producer has
increased after the relative prices change {total nominal production budget
remains the same), the production van be expanded to point Xp in Figure
1. where the soouthay line ) = Pf Xy 4 PRy s tangent to an isoguant
with output level Y7 > Yy and Iy} & PJrly = Pory 4 Pary = ey, The
difforence, o - #7, is defined as the expausion effect resulting from relative
price changes withoot changing the vominal amount of the tetal outhay.

U i obvions that toidentily and moeasure any substitution and rapansion
offects requires the Joration of puinte N4, Xp and Xp in the input space,
While X 4 ix observable as an itial inpst veetor producing oufpat Y, points
X amd Xp can not be observed to realivy simply beoanse velative inpm
prices antd the wominal outlay are wmost Bikely o clinge smmltapeonsdy,
What van be olwerved o in the initial period {or for firm 13, the producer
applies Inputs 2yor; to produce outpat Yy with the input prices Py P and
outlay £ in the next petiod (or for tiem 23, the producer apphies inputs
r{ Y to produce Yy # ¥y with the mput prices Y P wud total owtlay
ey # £y, The observed equilibrinm point i the second period tor for firm
2yis, sayv, ot Npoin Flgire 1 Thersfors, another concept 1s uended to define
the change in nputs from poists Xp o Xp o let this be termed the ontlay
effert as it is resulted from the pominel odtlay changes ouly,

To sumunarise and generalise to the Bfactor (k8 2 0 case, i practie
only two points in 4 bdimensional fupot space, pamely Xy and X oare
abservidl, The data assoctated with point Xy refate to the jupnt vector
Na = fegdag gt the price veetor Pgom (pag Pare o pai b and
outpat Yy The data associated with Npofuclude the input vector Xp =

P2egoPeger oo b the prive veetor P (g peaes i boand output Yoo
! } a ? £ £



From these data, iso-ontlay lines ') {which passes through Xa) and €
{which passes through \p} can be drawn. By shifting line €y downward s-
il it is tangent to J{¥; ), point X can be obtained, only conceptually at this
stage. The inputs at Xp mée denoted by the vectar Xp = {24,268 )
The input changes Trom X1 to X are the copventional substitution effects
(= Xp=Xa} They can be used 1o construct measures such as the marginal
rate of technical substitation and the elasticity of substitution. Prom Npg
to X, the input changes contain the usual expansion effects (= XNp ~ N
They indicate the factor demand variations that result from changes in pur-
clasing power following relative prices change, holding total nominal cost
comstant, Finally, the changes in fnputs from Xp to Xg or X~ Xp eepre
sont the outlay effects corresponding to changes in the total nominal ontlay
alone. The sum of vhe usual expansion effects and the ontlay effects is de-
fined as the outpat expansion efferts in this paper. Sinee, by construction,
the relative prices at N, Xp and Xp are identical, this suro t= X - Xpg)
veflocts the effects on inpat demands of the overall change in the purchasing
power only, 1t is shown in Sakai (1971) that sutput expansion effects are
positively related 1o output growth, fo other words, positive {negative] oot
put expansion effects alwavs imply ouwtput expansion {contraction ). Clearly,
the total changes in inpuls X7 = Xa) are equal 1o the substitution efferts
{Xn ~ X plus the ontput expansion effects (Xp -~ Xyl

Thus, the task reduces to obtaining Xg in an inpat space given obser

vations on jnputs amd their pricos &t X4 and X

3 Measuring Input Substitution and Output Ex-
pansion Effects
It i impossible to Jocate the procise position of Vg without knowing the frue

parametric production fnction underlving the production process, How.

ever, an approsimation o the segmemt of the isoguant surface hetweern Xy



and X5 by o hyperplane ean be made, According to Varian {1984, p317),
the best linoar approximation to the local isoquant wrlace near Xp is given
by the following condition:

W THNB)AX =0,
or equivalently,

@)

adan, - 24,0 = 0,

where XX = N~ Xy, S(X ) denotes the true but unknawn prodaetion
function: V1 Xg) denotes the gradient of the production function at Xp
and «a, is the j-th directional cosine of the gradient.

Next we gssume that in the short run. say from year to year, production
expands along the gradient divection of the wnderdying production fune.
tion. This assumption implies that the producer under study would expand
hisfhor production of output at the maximonn rale for any increases in the
total prodiction cost {say. from «f 1o o), holding relative prices constant.
(earty, this is uot a tersihly anrendistic assumption. Under this assumption
it must be troe that
h LR N TR e

o, 0y

¥

Using the identity ¥, 0f = 1. equations (2} and {3) can be simultaneously
sulved Tor the snknown rs, 1o yield
43 Frg oy ‘Zn;f‘lﬂ,; SECTIE I MU o I AR
k]

Onee oy 4= L2 kyare compited, X g = (g, - 2] con be obtained
and nsed for calealating the substivation and ontput expansion effects.

To obtain o, it i useful 10 note that Ng is at the eguilibrium point
on the old soguam surface wnder the same elative factor prices as at Xp.
Thus, we have

o (X p)fors,  pe,

;Iﬁ.\'ﬁ i/‘l‘h‘&; : s
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for .7 = 1,~++.k. Moteover, a, is the j.ih directional cosiue of the gradient
of the productio . function st Xg. According to the definition of directional

rosine aod ushng (5),
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ean be obtained, where IV 1 Xa) denotes the norm of the gradient of the
production funetion st Xg.

4 Capital-labour (K-L) Substitution in Japanese
Manufacturing

A copsiderable amonnt of work has beon published on the subject of capital
labour substitation, 1 is most likely that vhe peeudis, as well as the conedn-
sions drawy from those studips, will be altered should difforent fuactional
forms or estimation i‘édﬂ;iqu(w be cmployed {see Ferguson 1963; Sate 1477:
Diamont ef ol 197%). 1t is this problem that warrants our approach.

A set of dava op labour and capital we i current yen) in Janpanpse
manufacturng soctor are readily available from Nersworthy ated Malmaquist
{1983). The inplicit quantity of each input i obtained hy dividing the fnpin
in eurrent yon by the corresponding prive ndex {the hase vear = 19651, The

dada sre presented in Tadde 1,

{Table | near hore]
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the useol the framessork

The wajor purpose of this section is to llustran
previous 'mrﬁﬁiz, Mupe ttima;:s?m be forysed on the changes
v of capital for labour over the period from 196566 1o

doveloped in the
in the substitutal
107778, Sinee the input quantios are all i comparable value torms, the
mmgimi é?im’s of substitution is 1 gond indicatar of substit utability.

The first step is to use data on (aetor prices or their indiees 1o compute

a, based on equation {61, Then Xp can by obtained secarding to (11 The
substitution effects are then given by Np - X 4. and the output expansion
efferts given by N w}Yge} y , ‘

The results, as reported in Table 2. are quite plansible,  From these
rosults, it is elear that Japan bad been constantly substituting eapital for
labour sinee the mid 19605 excopt for 197475, Prom the marginal rates of
substitwtion {the ratio of the sabstitution sffects) wiven in the Tabls ¥ &
apparent that it hed become inereasingly difficult to substitute capital for
fabogr in Jupanese manfacturing, For ﬂmﬁﬁ;}m while 8 yen spent on capital
conld be msed tis sabstitute for 0.92 wor of labour in 106566, B conld only
cabstituie for 0.19 yen of labenr in 197775 There was a strony, decroasing
trond i the sibstitutability, as shown by Pigure 2. This fudisg, 1ogether
with the rising lahonr covt relative to capital cost in Japan can belp explain
why Japan has relorated many rompanies into less developed countries in

reeent decpdes,
{Table 2 near here]
{Figure 2 near hered

Based on the output expansion e#ffeets reported in Table 203 ran be
concluded tiat output of Japasese manfacturing secing had been growing
constattly with the exeoption of 1974 75, However. the increased ontpate
were produced by utilising increasingly capital-intensive technalogios, This
is indieated by the decreasing lnbour-capival ratios assoriared with the ont

put expansion effects { Fignee 31,

-3



{PFigure & near Zh‘am}‘

The energy crisis resulted in the only output contraction betwoen 1974
and 1975 in Japaneso manufacturing over the sample period. This contrac-
tion was roflocted by slgudfiennt dmm in capital npet {-3G57.08) and in
lahour input {«~4487.97). Positive substitutions of labour for capital orurred
immediately following the energy crisis. This is consistent with the findings
of Hartman (1976), Holthausen {1976) and Ghosal (19913, These authors
showed that the ‘mjx?il:alwl‘nﬁltmﬂr i is negatively related to econonie uneog
tainty., The energy crisis caused a big shock and unprecedented oncertainty
~in Japan, thus it s reasonable for manvfacturers to substantially increase
lahor input and meanwhile reduce capital input, From another perspective,
the unisual reversal in Iabor-capital substitution right after the crisis can
be attributed to that labour was probaldy used fop substitutiog for energy
which, in turn, led to its subsiitntion for capital, This is bocause enorgy and
capital are likoly to be complements, aceording to Berndt and Wood {1979).

To further show the plansibility of the empirical resalts and thus the
proposed framework, the elasticity of substitution {denoted by 8} hotwesy
labour and capital can be estimated parametrically.  Assuming that the
olasticity is copstant, the estimate is simply equivalent to the slope roefficient
from a simple regrossion where the !ugarit!’um of L/K (Table 13 are roprossed
an the logarithms of ALJAK (Table 2). See Nadiri (1982, p. 441 The
estimated eyuation has o very bigh 11?2 = 097, which indivates that ninty.
seven pereent of the variation in the capital-dabour ratio can be expladned by
the relative factor price changes (noting that the snbstitution offects, A1 and
QK ate completely cuased by relative factor price changes), The estimate
of & 15 .82 with a Cratio of 1923, The estimation resnlls are consistent
with the finding of Arrow o1 al. (10613 that the elastivity of substitytion

hetween capital and Iabour in mannfacturing is less than anity,




5 Conclusion

A framework has been developed in this paper for qumxiifvim,, fnput sihsti
tution und output expansion effects, When applied 1o the Japanese man
ulfacturing data, the resilix are quite plansible and enmpsistent with normal
oxpectations.  Apart from the sensitivity problem mentioned eatlior, it is
difficult, if possible at all, to obiain the same insightfal results (for exanmple,
examining :lmuma in the substitutability of inputs, analysing ontpul expan
sion efferts) when conventional parametric pmdummn function approaches

- are utilised,
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Table 1 Labeur and capital inputs in Japasese manufactoring

{in hillion yen)

lmplicit Quantity

Price Tdex

Year kﬂk.ﬁlﬁsw @H Capital 1K) | Labonr  Capital 1./l Ratio
065 262TA% %34 L0000 1oDaon 015
066 270232 GTISAR L2 LOITSG 0.0
W67 279165 NOTRS0 125100 LOM3AT  0.35
1965 ITR66 SUS63 LIGOA3 LIGTOX 032
W69 5TA3 IONIRZE LT201T Lasner 0.
170 300076 132R140 20919 LIT2NG 023
W71 200267 1520000 234935 10%11 019
e A6 PR T T35 LOsoin R
T3 wAs2an 2095020 338150 007962 0.1
W71 26TAGN IT6INS 150301 L0522 0.1
TR 2IsGID 1ONERO3 ARSI LIS 0.3
W76 270050 U00TASO BA002 120521 013
W0TT w31 QG621 GI0STL LI3A29 ol
’1"9?% DHTR T PRERE I & G 43RA l-:ﬂl-"i?? (.14

Seaper Cabeatated frons Nopsworthy amd Malimepust {19533



Table 2 Substitution and eutput expansion effects

in Jopanese Magufactoring

Substitution Filects

Year Outpul Expansion Effects MRS, ;\
(/1411 Labour (A1) Capital (M) H Labemr Capital  ~ALIAK
196566 A05.17 LT 179.90 43008 002
196667 626.54 71715 716.18 625,499 0.87
1967 /68 383,40 4T6.2% A64.41 37385 0.50
{OR8 769 -8RI f23R.61 a437.74 46,00 {160
1969770 1042.65 1812.81 HORT.2N 25,30 0.5%
150471 TROLST 1731.49 6R1.47 T2 1%
1971772 187,50 166,71 188460 PR 0,40
1972473 1641.35 566585 1669.1% IN3.63 120
Rt viet 629,49 2649296 B70.0% Nin T2 023
WT4/75 1006.67 AG4T2T 11024 25869 0.22
1975776 220,38 1023.04 138506 9451 0
WTH4TT HAT.ND KEERE! 565.54 105,100 0.1

TR 134.37 AT

JOTTITS

844,54
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Figure 1: Substitution (X, to Xg) and output expansion (X 1o Xg) effects





