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ABSTRACT

Canada's demand for imports is examined using an .econo—
metric model derived from production theory. The production
theexry approach provxdes a useful framework for examlnlng
two 1mportant issues: the effects of Canada's tariff policies

»

on wage and rental rates, and the effects of changes in the

price of ihporte on the demand for imports.

Three important problems that arise in moving‘from'the
theo;etiéal model of the production sector to the economeéric
model are examined in the empirical work: choosino a_method
of analy31ng the technology of the production sector' speci=-

»

fylng a,functional form for the technology, and specifying

. the speed with which the production sector adjuste followling

any change in exogenous variables.”

B o

The empirical results provide séfong eoidence that
Canada's tariff policies redistribute income from owners of
lakour to owners of capltal. }n fact, hi&her import prices -
caused by (lncreases in) tariffs, for example - lead to an ‘

increase in the rental.rate.and a decrease in the wage rate.

‘'The empirical results also indicate that Canadian import

demand is quite responsive ("elastic") to changes in the

price of imports.

‘‘‘‘‘ )

The gradual adjustment of the production sector in

J

il )




response,;o an increase in the price of'imparts fs.analysed
in the theoretical &ork. The'analysis focuses on how domes-
tic factor prices change during the various stages of the
adjustment. One interesting result-is that the short-run
éhanges in the pr;ces of some or:all of the domestic factors
could be reversed in'the lohg run. Thus, there could be a

conflict between the short-run and long-run interests of

the owners of domestic -factors. ’ ..

.
L

\'.
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CHAPTER I-

INTRQDUCTION AND OVERVIEW

In this thesis I re-examine two issues that have long

]

interested etonomic reseafphers and policy-makers: how
Caﬁadé's tariff po}icies affect the real inéqmes ofhthe
'owﬁers_of doméstic factors ofdproduction, and how Canada's
déménd for imports responds to changes in the érice.of

iﬁports. Although these issues have beeh examined in many

- ~empirical studies, most of these studies have been Gitiz’

cized for using ad-hoc ecgnomettic models, and for hegleéfing

the insights provided by the theory of interhational trade.

Qccor?ingl}, one major aim of this thesis is tg'brinq
theoretical-and emp;rical work choser together by deriving
the econometrké model used, in the empirical work directly

. from a theoretical model. This appréach has'many advantageé.
it iﬁproves the gpecification of the econqmetgic‘model'and
thus improvés phe quality of the.empfrical work. It permits
an empirical ;xamination of the theoretical ﬁddel,which is :
useful for guiding-: future theoretical wdrk.. Aﬁd finally,

the approach ensures Ehét~theoclose connection between.the
two issues examined in this thesis is carried over into the'
econometrié specification of the mode}:. In the past,

CL : % A
empirical: studies have usually examined one or the other,

but not botﬁ, of these issues, despite the fact that

.
. . - )

- 1 '

e

%
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theoretical studies have shown the close connection between
' them. 7The econometric model used here provides a single

framework for émpirically examining both of these issues.

-
. o

k I use a theoretical model that is based on' the be:
havioural aéSumption that domestic profit maximizing (or

cost minimizing) firms use combinations of imported goods

>

and domestic factors of production to produce final goods.
All "imports are};reated as inputs in the process of pro-
ducing final goods, and no distinction is made between (for

example) 1mports of raw materlals and imports of end pro-

»

ducts. ' One reason for treatlng all imports as inputs is
- . !

that all imports are,purchased by domestic firms, and thus
all imports requir /somg’processing by domestic firms before

» they are sold to final users. More fundamentally, the

A

treatment of all;imports as inputs recognizes that all

final goods sold By the production sector must ultimately
have been produced using domestic primary factors and/or

imported goods.

Thls theoretical model was used ‘as a framework in two
recent studles of Canada 8 imports.1 These stu;ies demon-
strated the usefufhess of this framework, and they also
provided some important empirical evidence on both the
elasticity of demand for Canadq{i'imports, and the effects

- of tariffs on the prices:of domestic factors.2 Haweve'r,

_;_;\\vtrétj:;tudies,dld not examine the practical problems that



arise in setting up and estimating the econometric model.

-

Since the manner in which these pr;ctiéal problems are
resolved can affect the empirical results, it is important'
to examine these problems in ordér to improve the guality
of the empirical work. A major part of this thesis is
devoted to explaining three iméortant practical problems,
and exploring how 'each of these problgms affects the

empirical results.

[

The first problem arises in choosing’a functional'fbrm
. to represent the téchnology_of the production sector. It
is important that the functional form used imposes the
minimum number of undesirable restrictions on the gmpirical
'work. Now, ;‘ this thesis I assume that firms use at least
three inputs'— capital services, labour services, and im-
ﬁorted goods -~ in' the préduction procegs. There is no
a priori reason for believing that the extent to which
imports can be substituted for capital services is identical
to- the extent‘to which imports can bé substitutéd for
 labour services. 'Thus.it is imp;rtant that this belief
should not be maintained a priori in the empirical work,
the horeso because the theoretical model‘highlights the
importance of these substituéion'posaébilitiea in deter-
mining both the elasticity of demand f&r imports, and the
effects of tariffs on domesfic factor pricesl This consi-

deration suggests that some of the more familiar.%unctional




forms used to describe the technology, such as the Cobb-
Douglas function, or the Constant-Elasticity-of-Substitution
(C.E.S.) function, should not be used in the empirical work,

since these functions dofimpose this belief a priori. .
* v
Fortunately, in recent years, a large number of func-

tional forms - called flexible functional forms - which
1mpose no a priori restrictions on the extent to which

infputs can be substituted for one another in the productlon

" process have been developed. The Traﬁ%log, the Square-Root

Quadratic, and the Generalized Leontief are examples of
flexible functional forms3, and these are well suit;d for
my empirical work. There remains, however, the prbblem of
choosing a particular flexible functional form from amongst
the many forms that are-available. This is an important
step, since the empirical results will be affected 59 the

type of flexible functional form used. I .compare the

empirical results derived from three different functional

forms to see how sensitive my results are to changes in the

spécificati n of the functional form.

» .
8 in choosing a method of °

am interes%fd in. The analysis

can be performed uging a production function or a cost
functign or a~£5ﬁ2zicted profit function. However, the

empiiical'results will differ depending upon which method .

of analysis is chosen, particularly when flexible functional
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forms are used. Since I uée flexible functional forms in

my empirical work, it is important to examine how sensitive -
the empirical results are to changes in the method of

analysis. I estimate both a cost function and a restricted

‘profit function and I compare the results derived from

these two‘empirically different methods of analysis.

ﬁ The third problem arises in modelling how firms react

td{cﬁanges in exogenous variableé. In empirical work, it
is\often assumed that firms adjust effortlessly to changes
in\exogénous variables, to ensure that they always use the
lea%t-cést techniques of production. A useful modification
of this assumption recognizes that, sincg thesé‘are adjust-
ﬁen% costs, firms may adjust slowly to ?ny-chaqges in exo-
geno‘s variabies. Thus, foryéxample, w@enever the price
of imports changes, firms may adjust'sléwi; to this change.
If it\is assumed, on the contrary, that firms adjust
instahtaneouélg to the change in impo£t‘p;ices, the own

\ L
price\elasticity of demand for imports may be underestimated.

I spe“fy an econometric model that allows firms to édjugt
slowly té any changes in import prices:“ The assumption of
instantaneous adjustment is a speciai case of this mqre

general! model, and thus if is possibié to test how quickly‘

Canada'% production sector reacts to any changes in import

prices. | . ) . 4

In ;ddition to examining the. ‘practical problems that

-

L RN




o | . ' ) ‘.'.1;6’ :
arise in moving f?om the theoretical model to the e@pirical A\‘
work, I use the theoretical model to éxaminé in some detail .
how tariffs on imports affect the prices of domestic
factors. The theoretical model used in this thesis differs
from the more familiar theoretical models used‘in trade . "

' theory. As I mentioned above, all imports are treated as
inputg. Thus the initial iﬁpact of tariffs on imports is
to increase the cost of a; input used in the production
process. In the more familiar models, on the other hand,
imports aré often treated as finai demand goods, and the .
initial impact of tariffs on imports is to changé'the rela-
tive priées of final goods. The anal&sis‘of the effects of

tariffs provided here thus provides an interestihé.compari-

son to the more familiar analyses.

Ohe important insight provided by the theoretical
. model is that the ability of firms to substitute between
t doméstic factors and imported goodé often pldys an important

role in.dete}mininé how tariffs on imports affects the ¢

prices of domestic factors. The exact nature of these

" theoretical results depends upon the constraints faced by
the firms in the economy. Féllowing’the tradition of
theoretical studies of international trade, and in order to

provide a more complete understanding of how tariffs on

imported inputs (or,> imported interméaiate goods) affect

, the prices/of domestic factors, I provide a theoretical




- - §
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. examination of the effects of such tariffs under two

. N dlfferent assumptlons concerning the moblllty of the domestlc

<

L 4

$

factors of -production. -The flrst assumptlon is that the
domestic factors-are freely moblle between all firms in.all
sectors of the economy. The second assumption is that one
of the. domestic factors is immobile between the different
sectors of the economy. While the apalysisAusing4the
former assumption_; tﬁe "long-run" case - is well kpown, an
explicit analysis using the latterqassumption - the "short-
run" case - has not heen presented in the'literature on the
theory of trade. ’A comparison of. the long-run andeshort-,
run results is quite revealing. For example, tariffs on

imported intermediate goods can bene;if the owners of a

domestic factor in the short run, but harm them in the long

A\l
-

ran.

* % % %k %

)

. e
The presentation of the thesis is organized as follows:

' In Chapter II I outline the theoretical model used in

thd thesis. I show how Qhe econometric specifications used

“in the empirical work are derived from the theoretical

model, and I outline the practlcal problems that arise in

moving from the theoret1ca1 model to the empirical work.

In Chapter III I review some empirical studies of

Canada's demand for imports, and some emb{riéal evidence on

’




-

XA kS

n . - “-a'-
the general equilibrium effects of:- Canada's tariff policies

on the wage and rentali;atés in Canada.
¥

In Chapters IV,“V and VI I present the results of my

empirical work. Chapter IV deals with the problem of

Al

choosing a flexible functional form. Chapter V contains a
comparison of the empiricai results derived firom estimating
a cost, function and a restricted profit\functiah, Chapter

VI deals with the problem of’specifying an econometric

A Y

‘model that incorporates the assumption that firms adjuss. °

slowly to anyvchaﬂées‘in the price of imports.

L)
4

: P
In Chapter VII I use the theoretical model introduced

-

in Chapter II to examine how tariffs on imports affect the
prices of doméstid factors in the short iun. I also com-
pare thefshort-{gn changes with thé.long-run changes ?ﬁ
factor ‘prices. _

1 .

’Finally, in Chapter VIII I present a summafy of the

results of my research.
. L
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_FOOTNOTES ~ CHARTER.I - L

See Kohli, [1978] and Appelbaum and Kohli [1979].

Throughout this thesis the expression "the price of
1aboﬁr'(capit§1)"ls‘used interchangeably witHi "the \

%

wage rate (rental rate)",

[} L I .

A ] -
The Translog Functional Form is discussed-in

v

,gchristensen, Jofgénsen and Lau (1971);: the Square-Rdot

P N
- Quadratic in Lau (1974): and the Generalized Leontief
in Diewert (1971). | ‘ b
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. ... .CHAPTER II

AN OUTLINE OF THE. THEORETICAL MODEL AND

THE DERIVATION OF THE ECONOMETRIC MODEL

-

«
N

N In this chapter I outline the theoretical model which

;,‘and I derive the.

forms the basis for my gﬁpirical work
theoretical results wbidqﬁa (later) gxamine";emp'irically.2 o

I also indicate how the econometric specifications used in

the empirical work are derived from the theoretical mode?,

and I explain some practical prbblems that a:isé'in setting
. o M

up the econometric model. . : ‘ o %.

THE MODEL ‘ - .

I assume that one final demand output is produced by
' ) 3

a large number of profit maximi}ing firms. All firms use ¢
. . " . r . ]

three inputs: capital services, labour services and.jim-
portéd goods, and there are constant returns to scgle in

production. The production prdhess'éan be represented by .

a production function: o - C et

Y = F(K, Ll ,M) . b (1) "..
' 8 .
Qhere_Y, &, L and M are the qﬁéntities of output, capital
services, labour sgrviées and ihports,.respectively; and, s 3

where F(.)is linearly homogeneous (given the assumptién that

there are constant returns to scale in production). . e
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_ Assume, now, that the economy faces exogenous prices
for the final demand output (PY) and for the.imports (PM)’
and assume that ‘the supply of the domestic factors (K and

L) is fixed. Given perfect competition (and constant re-

.

turns to_sgéle), the economy behaves as if'it maximizes

value added.? fhus the equilibrium for the economy can be

found by solving the following problem:

<

‘ MAX P,Y - P.M: Y < F(K,L,M).
fy, M) T, MM T _
' K<« X
T - .
L <L (2) °
There are a number of ways in whigch’we can now proceed: . l:
L4 ' - : ' IS L ’r y
A. The Production Function = . -+

»

We can solve the optimization ﬁroblem (2),. The solu-~
™. . LT .
tion ‘to this problem, assuming full employment of domestic

>

factors, is given by: . s C e
PYFK =r
\ PYFL = W \ - ¢ « . @
PYFM = PM
F(KILIM) =Y , (3)

dF

_where FK = IR and similarly for FL"FM‘ apd

. P o
r(w) is the price of capital services (labour services).
. .7 - :

The equations (3) are the inverse demand functions for the’
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three inputs used in the production process, and the supply‘

of final demand output function. It is clear from these

equations how the demand for imports is determified: Firms.
decide what quantity of all inputs to use in the production
process, and these decisions determine the demand for all

inputs, including imports. The equation of the demand for

imports is one equation within a system of demand equations.

-1

The expression for the (inverse) own price (partial)

elasticity of demand for imports can be found by differen-

tiating the first order condition

PYFM = PM

holding Py, K and‘L constant. The general equilibriun

effects of a change in the price of imports on the prices

-

of the domestic factors can be examined by totally dl#zfren-

tlatlng the equations (3), holdlng Py, K and L constay

b

The results of these ‘exercises are in the form oﬁ

-

derivatives of the production function. Thus, in order to

t |

’flnd empirical, K estimates of these results we must specify a '’

‘functlonal form of the production functlon (1), and’ then

estlmate the parameters of this'production functlonq (This

procedure is used by Appelbaum and Kohli 11980),.foﬁ example,
, ; (.

whose work is discussed in Chapter III, below.) But whil

the theoretical model directs us to estimate’ the parameters
$ \ . .

of a three-input production function, it does not indicate
/.
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what éarticular (flexible) functional form should be used
in the empirical work. Thus if we choose to analyse the.
demand for imports using a production function, one prac-
tical problem that arises in moving from the theoretical

model to empirical work is the problem of choosing a func-

tional form of the production function.

B. The Restricted Profit Function

Rather than explicitly solving the optimization problem’

(2), we note that the solution will be in the form oka

)

P K, L TS

d

restricted profit function_

n(PY, PM

.
.
s

That is, given that the economy behaves as if domestic yalue
added is maximized, the production sector of the economy
can be represented‘by a restricted profit function dsfined

6 - s
as : E

m(P,, P,; K, L) = MAX P_Y - P.M: Y < F(K,L,M)

=

K <
L

e
-

<
[ ]
Using Hotelling's (1932) lemma, we can differentiate
the restricted profit function (4) to find the equatiogs

for the supply of output, the demand for. imports, and the

(inverse) demand for capital services and labour services:

»’L/“

4
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p.' " L

where m; = % and’ similardy for =
P GPY f "

, and
' K

Expressions for the own price (bartial) élasticity ok
demand for imporgts, and for the general equilibrium effect
of a change in the price of imports on the prices of domes-
tic factors can.be found by (totally) differentiating the
equations (5). In this case,’;he results are in the form
of derivatives of the reétricted profié %uﬁctioﬁ: The own‘

price (pértial) elasticity of demand for importf is derived

by differentiating the, first order condition

¢

Tp T M .

holding Py, K and L fixed. The resul?- is:

P

M, , M M, .
( ) (=) =~(7 ) (=30) (6)
\ 58, Py - ByPy M. ' .
where = 62' | )
PPy OPySPy

The proporfional change in domestic.factbr priées caused by

<

a one percent increasé in the price of im@ortﬁ is derived

73

e
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by differentiating the first order conditions

Cme,
Tk =T
- o ‘ T, =W
) holding Py, k and L fixed. The results are:
' ‘ . ‘ ‘P
T =(ng, ) (=)
M K
- w =(r ) (=) o * ) (7)
T | LBy, T )
SRR | 2
E‘ where ﬂKPM = Eigﬁg,‘and'SLmllarly for "LPM’ and where
kT - G(?) is the proportional change in the wage rate, %?
. 1 ’ .
| (rental rate, %§ .
é - ' e d
§ TheSe results can be rewritten in the following manner:
} .§ T\'
| P o= H "
. r HKMGM
sl W = By ) (8)
5 ' ] .‘"“Kb ~
2 7 where HKM = F_FJM , the. elasticity of intensity7
: : . K'P '
" o M between capital and imports,
] ; ) ‘ITTTLP o ; ‘ )
' | HLM = —M  the elasticity of intensity
| . "L"p .
. M between labour and imports, and
P v
BM = -%E~ +- the share of imports in restricted
] R
r P . profits.
: , AU , T,
E) : ’ - Finally, in order to find empirical estimates of these .

]

_—
L r—
PRI .

3, results we .must speeify a functional form of the restricted

J : - profit function (i) and then estimatq;the éarameters of

.
L]
e

4



;his funcpion - and, again, the problem of choosing a
particular functional form arises. This procedure is used
by Kohli (1978), for example, whose work is discussed in
Chapter III, below. I ude this procedure in Chapters V

and VI.

C. The Cost Function

Rather than solving the optimization problem (2), we

can solve the dual of this problem. The dual problem is

MINIMIZE wL + rK: C(r,w,P,) > P
{r,w,P.} MT-X
IIM
20 —

M (9)

I

r,w,p

where C(r,w,PM) is the unit cost fundhion, defined as

the minimum cost of produciné a unit of finWy, demand output
‘%
M.

when theginput prices are r,‘w and P
lemma, we can differentiate the unit cqsé function to find:

ysing Shephard’'s

.

, ¥, =K _ : -
YC, = L ’
e =
YC =M
PM /
C(r,w}PM)= Py (10)
1
= 8 ) Cy
where C_ = 5T and similarly fox Cw"CPM' //jv

Once again, expressions for the own ptice(partial)

elasticity of demand for imports, and for the géneral

& .
o~
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equilibrium effect of a change in the price of imports on

_ the rewards of domestic factors can be found by (totally)

differentiating the equation%v(lO). In this case, the re-
sults are in the form of derivatives of the unit cost

function: The own price (partial) elasticity of demand for

imports is derived by differentiating the first order con-

dition

holding ¥, r-and w fixed.9 The result is:

P..Y
&M M M
(=) (5= = (C ) (——) (11)
GPM -PM PMPM M ;
2
where CPMPM 8 C/éPMéPM.

The proportional change in domestic factor prices caused by

a one percent increase in the price of imports is' derived

by differentiating the first order conditions (10), holding

Py' K and L fixed. “The results areloz
8, 6 ‘
~ _ LM _ -
r =5 {Sgy = Spgm * Sy~ Spk!
6.6
v o= KM - - \
w= B ys = Spw * Sk Spx! (12)
C 13
Where sij = -C--—l.c. 2 l,J = K,L'M
i3 ~
rC . ' .
0 = —EI , and similarly for 6, , 8y, and

KL KK LL

| v

0, since the unit cost function is' linear
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- ) 0
homoqgneous and concave in (w,r,PM).

The ei’s are the shares of the inputs in unit costs, while
the S;.'s are the Allen (1938)/Uzawa (1962) partial elas-
ticities of substitution between the inputs in the éroduc—
tion process, where Sij.measures the gnormalizéd) changé in
the demand for *input i following a chaﬁge in the pricé of
input j, holding the quantity of output and the éricé; of

11

all other inputs constant. T™wo factors are said to be

(Allen/Uzawa) substitutes if Sij = Sji > 0, and complements

if §,. = 8.. < 0; Note that S,. < 0.
1] Jj1 11

The results indicate ﬁhat the (real) price of at most
one of the domestic factors could increase following an
increase in the price of imports. For example, if we assume
that capital and labour are substitutes in production, so

that SLK > 0, then the expressions (S ) and (SLL—S

KK ~SLK Lk
are both negative. In this case, the rental rate will in-

crease. if the expression (S ) 'is positive and suffi-

KM °LM
ciently large. (Note that if (SKM—SLM) is positive, the
wage rate will decrease.) Thus, the likelihood that the
owners of capital will be better off following th; imposi~
tion of a tariff is greater, the éreater the'degree‘of sub-
stitutability between capital and the imports, and the
greater the degree of complementarity between Iébour.and

/
imports.
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If tariffs raise the price of capital in Canada

then capital formationwill be encouraged'.]'2 How will an in-

crease in the endowment of capital affect the demand for -

imports? 1In fact, the proportional change in the demand

T

for imports caused by a one percent increase in the endow-

ment of capital is the dual of the proportional change in

the price of capital caused by a one percent increase in

the price of imports. Differentiating the first order con-

ditions (10), holding Py, p

M and L fixed, we find:

. =08, R
M= —A——- [SK.M - SL.M + SLL - SLK]K (13)

where M = %% , and similarly for K. - .

It is possible, of course, that the prices of both

domestic factors would fall,fdllowing an increase in the

price of imports. If the pﬁices of both domestic factors

fall, it is interesting to consider which factor suffers

the larger proportional decline in price. The answer-to

this factoral income distribution question depends on the

elasticities of substitution between the inputs in the pro-

duction process. In particular,

Thus (for example) labour gains relative to'capital'wheﬁever '
- - !

S

LM

w-1r>0 iff (S;y = Sgy) > O

> SKM’ that is, whenever labour is more substitutable

for imports than is capital.

¥,
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It is‘worth pointing out that the increase in the price
of imports examined here can be interpreted (more generally)

as a worsening of Canada's terms of trade. The (tariff-

A
¥

distorted) terms of trade are given by (PY/PM); an increase
in PM’ holding PY fixed, clearly represents a decline in
the terms of trade. (Note that if ﬁM = ﬁy = 1%, w=1r = 1%.
That is, the (real) prices of domestic factors change only
if the terms of trade change.) Thus the results derived

here also indicate how factor prices are affected by a

change in Canada's terms of trade.

Finally, in order to find empirical estimates of these
results we must specify a functiqnal form of the unit cost
function, and then estimate the parameters of this function
- and, again, the problem of choosing a particular fﬁnc—

tional form arises. I use this proecedure in Chapters IV

and V.

CONCLUSION

In- this chapter I have outlined the theoretigél model -
which forms the basis of the empirical work performed in
this thgsis. I have also used this model to .examine both
the determinants of the demand for imports, and the effects
of changes in import prices on the (real) prices of domestic
primary factors. One important result is that the demand

for imports is determined‘simﬁltaneouély with the demand
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for all othe£ inputé, and that the demand-for-imports equa-
tion is one equation within a system of equations.” A Second
importaﬁt result is that the effects of a change in the
price of imports on factoral income distribution depend
crucially on the degree of substitutability (or‘"inkensity?)

between imports and the domestic factors.

I have also shown that I can choose one (or more) of
three methods - the production function, the restricted
profit function, and the cost functien - to analyse the

issues I am ihterested in. While the theoretical results

'are no£ affected by the choice of analysjys, the empirical
results will be affected By the choice. Again, once a

. ﬁefhod of analysis hag been chosen, a particular flexible
functional must be chosen in order to undertake empirical
work, and the eppirical.fesults will be affecte@ by the
éLoice of a functional form. Thus ié'is‘important’to exa-
mine how these two choices affect the eméirical pésults. : ;
Before proéeeding to. these tasks, I present a brief review
of some. empirical studies of Canada's demand for imports,
and I review some empirical evidence on the effects of a

i

change in import prices on the prices of Canada's domestic

primary factors. ’ . .
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FOOTNOTES - CHAPTER II

1. The model described here is sometimes called the Pro-

duction'Theory apprgach.

2. Further theoretical results are preséhted in Chapter

VII,'below.

3. The analysig presented here is appligable for an eco-
nomy that produces many final demand goods, so long as
‘the pr&&hction process is separable between outputs
and inputs-. 'This form of separability implies that
changes in the composition of output have no effect on
the ﬁrofit maximizing demand for inputs. See Hall -
(1973). Alternatively, the analysis ié'applicable for
a multi-output econémy if the ratios of the prices of

~ the outputs do not change. - See/Diewert.(}978f. ’ )

4. See Debreu (1959), pp. 39-45.

v

5. See below, pp. 16-20, for a derivation and»a discussion

of the general equilibrium effects of a change in the
price of imports on the prices of the domestic‘faétoré.

' ’ r~:‘ ' - P
6. See Diewert (1973) for a disqussion of thé relationship

between restricted profit and production functiors. -

L]

7. See Diewert (1973).

- L -
v * . . v
.
’ !
. : . '
. ) . .
" L
. - .
’ SN——
. . H
.
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. “~
See McFadden (1978)-for a discussion of the .relation-

ship between cost and production functions.

Notice that the own price partial elasticity of demand
for imports calculated in thi;Jﬁanngr using the cost
functiomis not directly comparable to the (partial)
elasticity calculéted using the restricted profit

~ . S

function (see (6)).  In calculating the elasticity

using the cost function, ¥, r and w are held fixed:; in

calculating the elasticity using the restricted profit

function, Y, r and w are allowed to vary. An elasti-
city comparable to (6) can be calculated using the

cosf function by totally differentiating the first

‘»“ordei conditions (10), allowing Y, r and w to vary.

‘9'&Hése results are well known. See Burgess (1976).-

‘See Allen (1938), pp. 505-509, and Uzawa (1962). These

elasticities of substitution are not directly comparable

L 3

to the elasticities.of intensity calculated using the

‘.restricted profit function (see footnote 9).
The economy's endowment of capital (at the be;:;;}ng

12.

of each time period) is exogenous in the model des-
- . o
cribed in this chapter. An obvious extension would

) |
be to endogenise the capital formation process.

‘A higher rate of capital formation is achievéd

Y,

P




’

by 'diverting more of the economy's (single) output

s ) into the }nvestment sector, thus lowering the amount
of output available for the consumption and export
sectors. Note that if exports now fall short of im-
éorts, so that there is a balance -of trade deficif}
an inflow of foreign funds ("financial cépital") is
needed to finance the trade deficit. 1In this sense,

-

‘ .
we may speak of the tariff causing an inflow of for-

eign funds.

24




CHAPTER III
LITERATURE REVIEW

F

This literature review is divided into three sections..
In the first section I outline the approach used in many
empirical itpdies of Canada's demand for imports. My main
objective here is to point out some of the shoftcomings of
the approach used in thése studies. The empirical work

undertaken in this thesis does not suffer from tliese same

faults.
Q

In sections two and three I review some empirical
evidence on the question of how Canadé's tariff.policies
affect the prices of domestic‘primary factors. The studies
reviewed in section two are not chiefly congerned with the
question of how tariffs affect factor prices. Nevertheléss,
these studies do provide some, often indirect, evidence on
the question. 1In the third section I review'two recent
empirical studies that use the production theory approach
outlined in Chapter {I, above, to examine both the deter-
minants of Canada's demand for .imports, and the general
equilibrium effects of changes in'the prices of imports

(caused by tariffs, for example) on domestic factor prices.

1. SOME SHORTCOMINCS OF "TRADITIONAL STUDIES OF
C}NADA'S DEMAND FOR IMPORTS

Th ave been many empirical studies of Canada's

25 .
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demand for imports, including those of Slater (1957), Kemp

(1962) , Shearer (1962), and Gr%y (1966). Typically, these

studiéé'p5§’écant attention to the microeconomic foundations

of the demand for imports, and instead use an ad ggg
econometric specifi_cation.l The demand for imports is
writtén as a linear or loglinear function of domestic value
added, and of the price of imports relative to the pfice of
domestic goods. This estimating equation is conéistent
with the convéntional theory of firm ané/or hEuserld

14 LN PEY

behaviour only when we make restrictive assumptions about

' the technology of the production sector and/or the utility

function of the househbld sector. Since the theoretical
results of international trade models depend upon the
characteristics of the domestic economy's téchnology, it is
important to test these restrictions empirically rather
than impose them a Qriori.2 In addiéion, the fact that the
import demand equations are part of a complete system of

demand equations is usually ignored, and in the estimation

no use is made of the properties of complete demand systems.

This crude treatment of imports is also to be found in
conventional macro-economic models, such as Rhomberg (1964),
and Candide Model 1.2 (1975). One exception is RDX2.(1977),
where close attention is paid to the micro-foundations of '
the demand for imports. Tﬁe\demand for imports is explicitly

derived from the utility maximizing behaviour of households.
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However, because the level of disaggregation makes the

number of parameters in an unrestricted mode£ very J}arge,

in practice a large number of restrictions are imposed in
/- tbe econometric work. Moreover, because of a.lack of data,

///// an incomplete system of demand ‘equations is estimated, and

—
thus little use can be made of the properties of complete - h

demand systems.

LN

2. SbMﬁ‘EVIDENCE ON THE EFFECTS OF CANADA'S TARIFF
POLICIES ON DOMBSTIC FACTOR PRICES '

The effects of Canada's tariff p&licies on‘the develop-
ment of the Canadian economy have beeh examined in mény
empirical studies, including those dy Mackintosh (1939),
Youhg (1957) , and Dales (1966). These studies shoy that
Canada's tariff policies protected industries in the secon-~
dary manufacturing sector. Daleé, for example, ethined
the development of the Canadian economy dﬁring the period

1926-1955. He found that Canada's tariff polidies eri-

couraged the growth of the secondary manufacturing sector.

He also pointed out that the expansionlof job opportgnities

in the protected sector led to an increased immigration of

-~

labour from Europe. Barber (1955) interpreted the results

of these studies using the Stolper-Samuelson (1941) theorem.
5

He reéasoned that Canada's tariff policies increased the

prices of final outputs of the secondary manufacturing

. gsector, and since this sector was relatively labour intensive, the
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tariff policies raised real wages and lowered the real rental

rate. s

The Stolper-Samuelson (1941) theorem can also bé used
to derive evidence on the factoral income distribution -
question from sfqdies of the labour and capital content of
%anada's imports and exports. Wahl (1961) examined Capada's
imports and exports to determine whether imports were rela-
tively labour intensive or re%atively capital intensive.

He found that "Canadian expor£s in 1949 were capital inten-
sive while imports were labour intensive" (p. 357) and that
"tﬁe abundant factor [labour] is used in the iﬁport-
competing sector" (p. 358). Wurzburger (1978), using input-
output data presented in Postner (1975), calculated that in
1970 "iq-the‘egpoft sector, eac@ doilar input of Jabour -
flow (direct and indirect)‘requires $3.33 of fixed capital
stock, while in the aggregate economy each do%lar.input of
labour flow’requires $2.70 of fixed capital stock as an
input. The export sector is indeed more cépital intensive."”
Thus, using the  Stolper-Samuelson theorem, these results . A
suggest that tariff policies, to the extent that these

policies raise the ptises of final demand imports, cause ah.
increase in the real wage rate and a reduction in the real 8

rental rate iﬁ Canada. -

-

It is worth pointing out, however, that the Stolper~

Samuelson result shows ihe effects of tariffs im an ecohbwy

s
by wat o+ we e

[N
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that uses two inputs to produce two outputs, and where the
proauction procéss is nonjoint in inputs. Jones and
Scheinkman (1977) present a generalization of the Stolper-

Samuelson result. The géneralizatioﬂ may be stated as

"follows: “for an economy that produces two or more outputs

using two or more inputs (and where the production process -
is nonjoint in,inputs); an increase in the price of an“out-
put unambiguously raises the réal reward of at‘least one
factor and unambiguously lowers;the real reward.of at least
one (other) factor, However, to determine which factor

o

prices_risé and which factor prices fall, we need informa-

tion on thetttechnology for each and every commadity-factor

share and (in cases -in which'thq number of factors exceeds
.o . ' "y ' N
the number of commodities) the elasticities of substitution

between fﬁctors“ (p. 915). This result of Jones and

~

Scheinkman warns against placing two much confidence in the
N "

distributional implications I have derived above from the

studies of Wahl (1961) and Wurzburger (1978).

o
iy

» Finally, it has been suggdsted that studies of effe%-

. tive protection -provide some ‘evidence on sthe guestion of

how a country's ta;iff policies affect tﬁe rewards of'its

~ domestic primary‘factors.3 The effective rate of protection

meas i for each indﬁstry, tt;e; extent"to which the J
existing tariff strucéﬁ;e has increased the value added per

uﬂ;t of output, where value added in. any industry is the

Al

“
.
(—\ .
-
N
.
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total reward of the domestic primary factors used in that in-
dustry.4 Thes, a ranking of industries according to the
effective rates of protection in each industry could be
used to' provide an indication of which factors would lose
‘most immediately following the removal of the tariff struc-
ture (and before the inevitable reallocation of resources
between sectors. Thus studies of effective protecﬁion do
not provide evidence on the general equilibrium effects of
tariffs.) Alternatively, if those industries which are
relativeiy labour (capital) intensive have higher effective
rates of protection, then there is some evidence that the
‘tariff structure raises the price of labour (capital)
relatlve to the price of cap%tal (labour).

g

!

Wilkinson and Norrie (1975) \calculated the effective
N~

rates ®f protection for 103 Canadian industries in 1966.
They found £hat industiies in the manufacturing sector had
positive effective rates of p{gtection while all other

4

industries had negative effective rates. The manufacﬁuring
industries with the highe;é}effeetive rates were "clothing
and textiles, leather products, fu;niture, electrical
assemblies, fodd and beverages; ‘appper processing, chemical
products and petroleum and coal products (p. 68). Some |
of these highly protected industries, such as clothing and
.mtextiles, and leather prodacts, are known to be relatively

6.

labour intensiVe industries._ These results may indicate,
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~

therefore, that Canada's tariff policies protect .labour,
and that owners of labour would be more adversely affected

than *owners of capital by a reduction in tariffs.

Overall, the empirical evidence reviewed in this
section suggests that Canada's tariff policies benefit

labour owners and harm owners of capital. Of course, the

evidence is not overwhelming, particularly since the studies
reviewed here do not explicitly examine the factoral income
distribution question in a general equilibrium framework.
3. TWO EMPIRICAL APPLICATIONS OF THE PRODUCTION N .
THEORY APPROACH
In recent years there have been a number of empirical -

studies, including those of Burgess (1974A,B, 1975, 1976) for
the U.S. economy, and Kohli (1978), and Appelbaum and Kohli
(1979) for thé Canadian/economy, which have provided some .
direct evidence on the general equilibrium effects of

" tariffs on the prices of domestic factors. At the same
time, these studies have corrected some of the shortcomings
of the traditional approach to estimating the demand for
imports. There are a number of featuyes common to all of
these studies, and it is useful to o?ii(he these common

features before proceeding’to a discussion of the .results

of Kohli (1978) and of Appelbaum and Kohli (1979).

In the studies, importsg are treated as inputs into the

.y

o
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domestic production process. The econometric models used

in the empirical work are derived explicitly from produc-
tion theory, in the manner outlined in Chapter II, above.
Thé production process is represented by a flexible func-
tional form of a production, cost or restricted profit func-
tion. Thése functions are not estimated directly7; instead,
a complete system of supply (of outputs) and demand (for
inputs) equations is derived, and this system of equations
is estimated. Thus, the demand for imports is estimated
within a system of demand equations. Finally; the parameter
estimates are used to calculate thg deneral equilibfium

effect of a change in the price of imports on the prices of

'
=

the domestic factors.

Kohli (1978) as;umed that the Canadian production
sector produced threé'outpufs - consumption, inve;tment,
and exports - using three inputs -~ capital services, labour
sefvices and an aggregate imported input. He represented
the production process by a.Translog restricted profit
function. Using annual data for the years 1949-1972 inclu-
sive, he estimated the complete system of supply and demand
equations for the production sector. He found that "the
own\partial price elastipity of the-démand for imports
fluctuqtés‘bétween ;0.9 ;nd -1 dur}ng the sample period,
and thaé the own partial price elasticity of the supply of

exports varies between 1.5 and 2.2" (p. 176). Turning to

5 e

‘— ¥
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the effects of tariffs on domestic factor rewards, Kohli
found that an increase in the price of the aggregate im-
ported input (or a decrease in the price of the export
good) , redistributed income from labour to capital: in
fact, the rental rate rose and the wage rate fell. He also
found that a simultaneous increase in the price of imports
and exports increased the rental ratekand reduced the.Waée

rate.

Appelbaum and Kohli (1979) studied Canada-U.S. trade
with a view to determining whether or notsfanadian firms
buying inputs from the U.S. exercised monopsony power, and

whether or not Canadian firms exporting goods to the U.S.

exercised monopoly power. To examine the former question,

“

the authors assumed that the Canadian production sector

used thfee inbuts - capital, labour, and "imports from the

U.S8."- to produce an aggregate output, and that the U.S.

" production sector used two inputs - capital and labour -~ to

produce two outputs, exports to Canada and "all other"
output. ' Both production{sectors were represented by a
Generalized Leontief production function. The authors de-
rived'a function representingithe U.S. supply of exports to

Canada from the U.S. production function. The maintained

hypothesis was that Canadian importers behave monopsonis-

tically (given the U.S. supply of exports to Canada func-

tion), and the authors tested the null hypothesis of .
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price-taking behaviour on she part of Canadian ‘importers.

The authors estimated their model using annual data
for the years 1951-1972. They found that they were unable
to reject the h§pothesis that when Canadian firms bought im-
ports from the.U.S., the firms behaved as price-takers.
Also, using a model very similaf to the model outlined in”’
the preceding paragraph, the authors rejected the hypothesis
that Canadian firms expoéting to the U.S. behaved as price-
takers. Turning to the effects of import tariffs on Canadian -
wage and rental'rates, their results indicated that an in-
crease in thé.p;ice of U.S. imports increased the rental

rate and reduced the wage rate in the Canadian economy.

-

- In summary, the results of Kohli (1978) suggest that
an increase in the price of aggregate Canadian imports
increases the'real rental rate and reéuces the real wage
rate in Canada. The results of Appelbaﬁm and Kohli (1979)

suggest that an increase in the'price of "imports from the

U.S." has the same qualitative effect. This evidence sug-
gests that Canada's tariff policies protect capital owners

and harm labour owners.

* k % * % * Xk X
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How accurate are these results? In this thesis, I
examine this question, and I extend thé'work be§ﬁn in these
two studies by examining a nuﬁﬁer of important issues that
are not discussed in either of them. First, I examine how"
the choice of flexible functional form influgnces the
empirical results. Second, I examine how the empi;ical
results erived from estimating a cost function éiffer from
the results derived from estimating a restricted profit
function. Third, I disaggregate Canada's imports into two
categories - imporfs from tﬁé U.S., and "all other"

~imports - and I examine Canada's demand for "all other™
imp&rts. Finally, I discuss how firms adjust to changes in
,exogenous prices, and I re-estimate the effects of changes
in import prices in a model where firms adjust slowly to

any changes in exogenqus prices,

K
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FOOTNOTES-- CHAPTER III .

The criticisms—made in this paragraph are well known.
See Leamer and Stern (1970), Burgess (1974, 1976) and

A

Kohli (1978).

t

Burgess (1974) makes this point.

See; for example, Burgess (1976). However, many
students of efféctive protection have stressed that
effective protection studies should not be used as a
basis for examin%ng the general quilibrium effects

of (changeé in) tariffs. See, for example, Melvin and

Wilkinson (1968).

An alternative method of measuring the effective rate
of profectipn is to calculate the percentage decrease
in value added per unit of output following the removal

of tariffs. This method was used by Wilkinson and

Norrie (1975).

Burgess (1976) discusses these two interpretations of

effective‘rates of protection. See also Balassa (1965),

4

Bavesi (1966) and Travis (1968).

See Wilkinson and Norrie (1975), p. 60.

- For an exception, see Burgess (1975).

A




CHAPTER IV

CHOOSING A FLEXIBLE FUNCTIONAL FORM

1. INTRODUCTION

A variety of flexible functionalAforms is available
for use in empirical work. There is no a priori reason for
choosing any particular flexible form forIthe empirical
work in this thesis.l Some flexible form must be used, how-
éver, and choosing a particular flexible form is an impor-

‘\fant step since the empirical results will be affected by

the choice.

'In a recent paper, Appelbaum (1979) demonstrated a
technique which provides some guidance in choosing which
flexible functional form to use in any parflcular empirical
study. Ih this paperz Appelbaum introduced a generalized
fuﬁctional form which can be restricted to yieid three
commonl{ﬂused flexible functional forms - the Translog, the
Square-Root Quadratic, and the Generaiized Leontief.% It
is thus possible to begin any‘empirical sﬁudy'by performing
parametric tests to dete;mine whether aﬂy'éf these functional
~ forms should not behugeéf Appelbéﬁm applied tpié technique

-

using data from the u.s. manufacturing séctor, He repre-

sented the U.S. manufacturing sector by a generalized o
functional form of the production function, and he tested

and rejected all three functicnal forms.>
~

v
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In this chapter, I use the technique introduced by
Appelbaum (1979) to explore the problem of choosing a func-
tional.form for the techhology of the Canadian pfoduction
sector. I assume that the production sector produces one
output, using three inputs.4 I fepresent the technology by
a cost function, and I compare three different flexible

functional forms of the cost function. N

I find that I cannot reject any of the three functional
forms. For all three functional forms, an increase in the

price of imports reduces both the price of capital and the

price of labour. However, there is no unanimity concerning

the factoral income distribution effects of a change in the

price of imports.

=

This chapter is organized as follows: In Section 2 a

' generalized functional form for the unit cost function is

presented, and three commonly used flexible functional forms
are derived as special cases of this generalized form. 1In
Section 3, I discuss briefly the method of estimation. 1In
Section 4, I present and discuss the results of the esti-
mation -

atl &\

2. THREE FLEXIBLE FUNCTIONAL FORMS OF THE UNIT
COST FUNCTION '

Suppose the unit cost function is giveﬂ by5
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T

.C(X) = ; ai wi(k) +

z
1 i

§ Bij wi(x)wj(k) (1)

where C is the ﬁnit cost function,

w, are the input prices,
’ -«
Bij = Bji (symmetry), and
C(A) and wi(x) are the Box-Cox (1964) transformations
_ given by:
o )
c(n = (€2 1) /21,

W) = (WimL/A VoW,

By restricting the parameter A in equation (1), it is
possible to get three commonly used flexible functional

forms as special cases.

Case 1:
Let A = 0.
Then Qi(x) = ani and C()X) = 2&nC, and we have the
. Translog fdﬁctional form: |

- . 1 X
AnC = i oy Jani + 7~§ g Bij in wo in wj (2)

This function is linear homogeneous when

) a; = % . .
I z8..=0.
j
‘ ™
Case 2: v
- " Let A = 1.

Then wi(A) W —‘1 and C}A).= (Cz-l)/é, énd we have

0
!
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the Square-Root Quadratic functional form: -

C=[Z I B.. wiwj + 2 ?(ai - B..)w.

i3 ij i 3 ij’ri
By 1/2
+ 2L (2 —51 - o) + 1] (3)
i 3 ‘

This function is linear homogeneous when
§ o = 1, and a, = ; Bij’ ¥ 1i.
1 J
Case 3:
Let A = 1/2.
172

Then wi(A) = (wi - 1)/2, and C(A) = C-1, and we have

the Generalized Leontief functional form:

172 1/2 1/2
C=273II R,. w.'“w:“ + 2nla.- 25 B..)w:
i3 ij "1 J PR j 131
+ 2I(L sij -a) +1 (4)

ij]
This function is linear homogeneous when

; a, = 1, and a; = 2; Bij’ ¥ i
i J
It is convenient to estimate the parameters of thege
cost functions by estimating the equations representing the

share of each input in total cost. These share equations

are given, in general, by 7
A A, A
— wixi AN + g Bij wi( j-l)/A .
M. Cc - "¢ ° X X 3
i ga.wi + LI Bij wi(wj 1) /A

N i ij

where xi'is the per unit -output demand for factor i.

e e

. .
e A T mr e - pey——— N
W T owwe i aey Basht e o TITTTE e e bk i e T T T L R R I A M A .



By imposing the restrictions X =0, 1/2, and 1, we can
generate the input share equations corresponding to the
Translog, Generalized Leontief, and Square—Roof Quadratic
functional forms Essbectively.

”

3. THE METHQD OF ESTIMATION »
Assuming that each cost function provides an exact
representation of the technology in the relevant range, the
parameters of each cost function can be estiﬁated indirectly
by estimafing'the share eguations (5). I édopt a stochastic

specification that reflects the fact that‘errors occur'in

.cost minimization. Let Uit be the additive error term for
the ith share equétion at time t, and let Ut be the vector
of error terms for all share equations at time t. I assume

-

that the vectors of error terms are nor-

-

mally distributed, with E(U.) = 0 for all ¢, E(U.U) = 2,

1

t =8, and E(UtUé) =0, £t # s. The share equations are
estimated using the non-linear maximum likelihood procedure

of Berndt, Hall, Hall and Hausman (1974b)).6

Since the share equations contain parameters in common

(because of symmetry restrictgons, B = Bji)' the indivi-

ij
dual equations must be stacked and then estimated as a

s%ygze equation, in order to obtain consistent estimates

(that is to say, in order that we will get one estimate of

8
). 1In addition, since the cost shares sum to one,

Biy = Byi
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ther overall variance-covariance matrix of the stacked equa-
tions is singular. I therefore drop one of the input share -
equations and stack the remaining (n-1) equatqips. The esti;
mation technlque yields estlmates which are invariant to the
choice of the omitted equatlon. (In the estimation I omit the
equation representing the share of imported inputs in éotél
cdst.) The model contains six free parameters in the.cé%e

where A is unrestricted, and five free parameters in the

case of the three alternate functional forms.

In order to estimate. the factor share equations I require.
time-series data on |factor prices and factor guantities.
(Note that data on butput are not raquired.) The data on all

the variables were sUpplied by the Bank of Canada. The sample
&, P :

O]

period covers thelyears 1948-1972, inclusive. (This data is a
slightly modi fied zgrsion of the data presented in Kohli- (1975),
and used by Kohli (1978) and by Appelbaum and Kohli (1979).)
' Finally, I assume neutral disembodied (or, Hicks-neutral)
technical érogress during-the sample period, which implies ’

that the factor shares are not affected by the technical

progress.

4. PARAMETER ESTIMATES, PARAMETRIC TESTS, ANQ -4
DISCUSSION OF RESULTS

Parameter Estjimates

The‘barameter egtimatesxfor the four models, along

with the value of the log of tHe Likelihood function (L)

1
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-

and the Durbin-Watson (D.W.) statistics for the two input

¢

share equatlons estimated in each case, are given in
Table 4.1. - N

' 4

The unit cost’ functlon must be nondecreasing and con-

cave in factor prices. The unxt cost functlon will have

these propertles provided ;

‘ ek so, w ., |
vl ~..
and '
T (id) [c, .1 is negative semi-definite.
- i3 - ¢

We,ca‘n check (i) by checking that the predicted. cost shares

. are aIl p031t1ve' and we can check,(ll) by ghecking that

.'the matrix of Allen/Uzawa part1al elast1c1t1es ofssubstitu-

Lo € Cugwg . . .
"~ tion, ¢ C ], is negative semi-definite.
: ) WwW, '
3

aAll three functional forms estimated here (and, indeed,

»~

the more Yeneral functional form), satisfy oonditions (i)

and éii) over the entire sample period.

o -

> - | //

‘Parametris Tests

In order to test whether any of the three functional
forms are rejedted by the data, I test the validity of the
corresponding restriction .on A. !ho test for each'fnnc-

) tional form thus involves one linegr restriction. ‘T use
the Likelihood Ratio test, doseribed as follows. if L ls

t.he maximum of the L.}keli.hood functlon{ of a stzjuctural hoéel*

o A BTt O N S o S A e

g



- TABLE 4.1* Parameter Estimates of the Cost Functions

\ 4

-

PARAMETER '  UNRESTRICTED ¥ QUADRATIC  LEONTIEF TRANSLOG
A 1.1 1 0.5 0 kS
(0.013) .
o . 0.567 0.567 0.57 0.571
(0.002) (0.002) (0.002) (0.002) . f
A © 0.26 " 0.26 0.26 0.26 A
: L (0.003) (0.003) (0.003) ° (0.003)
[
| . oy . 0.17 0.17 0.17 0.17
} ‘ (0.14) (0.003) (0.003) _ (0.0033)
B. 0.105 0.096 = . 0.055 . 0.017
(0.013) - (0.006) (0.005) .. (0.005)
Bix 0.265 © 0.236 0.096 . 20.05
(0.042) (0.007) (0.007) (0.0074)
[
B . 0.256 . 0.236 0.133 0.033 .
" (0.037) (0.01) (oL (0.009)
, By -0.081 -0.081 ~ _  -0.058 . . -0.009
(0.012) (0.012) (0.016) (0.019) .
B 0.102 . 0.103 " 0.092 . 0.058
(0.019) (019) @  (0.021) (0.024)
pS— - T
Bone -0.165 ~0.166 © -0.14 -0.091
: (0.032) ° (0.008) {0.017) (0.026)
+ . T - X {
. N . ’ . /
. *Standard errors in brackets. ) |
' For the, Unrestricted, Quadratic and Leontief forms, point estimates
: - of the parametgrs aL' ax,. a'll' Bm were estimate‘ indirectly; for the
d s
. Transldg form point estimates of the parameters o, Bm. Bm' Bm
were edtimated indirectly. !
- The interprétation of the D.W. statistics (see next page) 'is not
clearcit, since the estimation method is not OL$. The problem of
autocorrelation of the error terms is discussed in some detail in

Chaptex{ V, below.

-
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"¢

TABLE 4.1 (cont'd)

UNRESTRICTED  QUADRATIC LEONTIEP TRANSLOG

R2 i DW R2 DwW Rz 0.0} R’2 W
Equation: & ,
Labour . 0.64 1.3 0.64 1.3 0.61 1.11 0.60 1.06
Capital 0.77 , 1.46 0.75 1.36 0.67 0.93 0.66 0.84
Log L 168.160 168.065 166.723 167.5

“
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which is nested in a larger structural model with maximized

likelihood L*, then the statistic
-2(log L - leg L*)

is distributed asymptotically as XZ, with degrees of freedom
equal to the difference in the number of parameters in the -

“two models.7

The test statistics are:

A = 1, Quadratic: 0.19
A = 0.5, Leontief: 2.87
. A =0, Translog: 1,22

2

The critical value of the x“ statistic with one degree of ~

freedom, and at the 1% (255%) significance level, is 6.63
4 (5.02). Thus none of the three functional forms are ré—

jécted.

Discussion of Results

Point estimates of the'Allen/Uzawa partial elasticities

rd .

1 of substitution (Sij)’between all pairs of inputs are given
|

in Table 4.2 at the end of this chapter'.8 For all four ‘4
values of A, the signs of the estiméted Sij Prefthe same.

,; | 'In al; cases, ail three.inputs are Allen/Uzawa substitutes ‘

: for one another. For the Tr;nélég'gunctional form the

valueg of all Sij show little variation throughout the sample

$

i
2
md o
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. : « N
e ,{/
period. For the Square-Root Quadratic and (to a lesser
extent) the Generalizéd Leontief functional forms the value
of Sgm falls dramatically during the sample pericd. This
change in the-value of SKM is perhaps surgrising in view of
the fact that thé data (on factor prices and gquantities

and on actual factor shares) do not show a great deal of

variation over the sample period.9

Point estimates of the own price elasticity of demand

1

for imports (holding the wage rate, the rental rate and

the quantity of output-fixed) for selected &eafs in the
sample period are given in Table 4.3. These estimates are
calculated ‘from the point estimates of the substitution

elasticities in the following manner:

\\

E, = 6. 8.8

M momm = = OpSup ¢ ®

KSMK

(% ~ -
where EM is the own price elasticity of demand for imports.

nx

TABLE 4.3 ;Fhe Own Price (Eartial) Elasticity of Demand for Imports

A = e 1 - 12 0
1948 -1.7 -1.7 -1.55 -1.37 |
1958 -1.14 -1.2 -1.3¢ -1.33 ' -
' 1961+ -1.05 -1.12 -1.33 -1.37 L
1972 -0.56 -0.65 -1.03 -1.28 E.
§

(* 1961 is used as the base year in the estimation.)

) Note that for the Square-Root Quadratic (and, to a lesser

~ .

. E
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extent, the Generalized Leontief) functional form the value

of Ey falls dramatically during the sample period: for the

Translog form the value of E, shows little variation through-

M
out the sample period.

The impact of a change in the price of imports on the

rewards of domestic factors depends upon the relative sizes

(as well as the signs) of the sij' As noted in Chapter 1II,

an increase in the price of imports will

(a) ‘increase (reduce) the rental rate if

RHAT = (S ) + (S > 0 (<0)

KM~ SLM LSk
(b) increase (reduce) the wage rate if

WHAT = ) + (8 > 0 (<0)

(Spm~Skm kK ~Sxr)

g

The values of RHAT and WHAT in the base year (1961) of the

sample period are given in Table 4.4.

TABLE 4.4 The Change in Domestic Factor Prices

A o= A 1 - 1/2 0
RHAT = -1.63 -1I739 -0.64 -0.37
(0.72)* (0.008) .+ (0.017) (0.46)
WHAT = = =-2.29 . =2,72 -4.17 -4.64
(0.4) (0.1) (0.067) (0.59)

L]

(* Standard errors in brackets)

Thus all four functions give that same (qualitative)

. .result: an increase in the price of imports reduces both

10 (This

the real wage rate and the real rental rate.

. ! L 8

©
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result conflicts with Kohli's (1978) result. Kohli found
‘ ‘ : ’

that an increase in the price-of imports reduced the wage

rate and increééed,phe rental rate.)

~

Consider now the question of factoral income distribu-

tion. As shown in Chapter II; labour gains relative to

capital, following an increase in the price of imports,

S...) > 0.l The values of (S

LM KM LM Skm
selected years in the sample period are given in Table 4.5.

whenever (S ) for

TABLE 4.5 Factoral Income Distribution

A= " X 1 1/2 0
1948 -2.5 -2.4 -1.4 -0.86
1961 0.33 ' 0.09 ~0.7" -1
(0.32) * (0.002) (0.014) _(0.5)
1972 . 0.86 0.63 -0.4 -1

-

_(* Standard errors have been computed'fcr the base year, and are
‘given in brackets.) } -

For the Square-Root Quadratic form the factoral incgme
distribution result is not clear-cut: For the first k3 i
years, and again in the sixteenth year, capital gains rela-
tive tci labour, wh¥le for all other years labour 'gains

-

relative to capital. On the other hand, both the Genera-

lized Leontief and the Translog functional forms indicate

that capital gains relative to labour throughout the entire

sample period. Since I have no'g priori reason to expect .

- .

’

A
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the factoral income distribution result to change in mid-
sample, I am tempted to accept the results of the Genera-
lized Leontiéf'and the Translog functional forms. However,
tﬁe indecisive result of the Square-Root Quadratic form
suggests that it would be useful to tést the null hypothesis
that a chénge in the price of imports has no, effect on
factoral income distribution. ,.

.

Pesting the validity of a Cost Function With Two Inputs

It may be that the use of a three input cost function
unnecessarily complicgtes the anaiysis, and that I can exa-
mine all the issues I am interested in using a two input
-cost function, where the two inputs are domestic value
added and imports. This two input cost function is approp-
riate if the technology of the pfoduction_seétor exhibits
weak homothefic separability. between the donestic'factors,

12 In this case,

‘%ﬁ the one hand, and imports 'on the other.
firms behave as if'they trgatjﬁhe‘domestic factors as a
single inbut < called domestic vélue added - and choose qogt
minimizing combinations of domestic valﬁe added and imports
to produce fipal outputg.,_Furthermorer if the technology

is separable in ;his way, a chang; in the price of imports

has no effect on the wage-rentalyatio in the economy.

Assuming that the linear homogeneous unit -cost function
provides an exact represen@;pian of the production process, -

»

EY

. - M .
.
R R TI v orre— *
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testing for weak homothetic separability between the domes-
tic factors and imports involves testing the validity of
the following restrictions on the parameters of the unit

cost function:

L fxL = fLL (6)
°  Bkx  Px '
b Bxn. PLo
(or, equivalently, g = 5 =3 }. These restrictions
13 KM KK KL
imply SLM = SKM (which in turn implies that a change in

the price of imports has no effect on the\wage-rental ratio.)

In estimation the restrictions (6) imply two non-

linear restrictions on the parameters:

» B
- KL
8 =.8 . and -
LL KL EKK !
B .
KL
ap =og g
L ﬁ KK

I test the validity of these testrictions for all three

/
ﬂﬁugvghonal forms usifig the Likelihood ratio test.. The

R

' results are given in Table 4, 6.
D
TABLE 4.6 Tests of the Null Hypothesis

ey

« .7 7 . Value of Log L Value df Log L- Test Sta- Critical

. ) s in Unrestric-  in Restricted tistic: Xo.01 With .-
- i . ot ey . R0.01.

. ted Fase (L*) Case (L) - 2(L-L*) Two Degrees -

7 — - - -+~ of Freedom

Square-Root 4 - . 168 .. 110 .. 16 . . 9.21
Quadratic — DT . e ~
Generalized . - °"166.7 - . 139 55.4 . 9.21
Leontief . - _ ' oo C

Translog . ,.167.5 . 10 - - 35 - 9.21-
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The separability hypothesis is rejected using all
three flexible functional forms. Thus it would be inappro-
priate to represent the technology by a t;o input cost
function (of the Square-Root Quadratic, Generalized Leontief,
or Translog forms). Furthermore, the fact that the sepéra—
bility hypothesis is rejected impiie; that the hypothesis
that a change in the price of imports has no effect on the
wage~rental ratio is also rejected.

5. CONCLUSION

The results of the parametric test§ indicate that all
three flexible functional forms of the unit cost function
examined in this chapter are NOT rejected by the data. 1In
addition, all three forms yield fairly similar empirical
results. These two facts suggest that the empirical work
in this thesis will not be unduly\influenﬁeé by the parti-
cular flexible %unctional form of the unit cost function

used in the empirical work.l4

I use the Translog functional form in the empirical
work in the next two chapters.. The Translog form is a -
convenient form for.éxplofing the issues a&dressed'in these
chapters. In paxtlculaf inxChapter V I compare cost and
restricted profit &unctlon specifications of the technology
of Canada's production sector, and I also,perform tests for

separability between inputs using a four input cost function.

’

2 RV




As I have pointed out (see footnote 13), the Square-~Root
Quadratic functional form is not a useful form for testing
separability restrictions: while the Generalized Leontief
form is not a useful form for comparing cost and reétrictgd
profit function specificatjons, since the Generalize@
Leontief rest;ictéd profit function does not exist. The
Translog form, on the other hand, is useful both for
tésting separability restrictions and for comparing cost

and restricted profit function specifications of the

technology. ‘
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B~
FOOTNOTES - CHAPTER IV

1. See Appelbaum (1979). All flexible functional forms
|
are second order local approximations to an arbitrary

twice differentiable function.

2. The Translog functianal form is discussed in ¢
Christensen, Jorgensen and Lau (1971): the Square-Root
Quadratic in Lau (1974): and the Generalized Leontief

in Diewert (1971). '

~ -

3. Appelbaum used the same data and the same technique to
. test the three functional forms of the indirect pro-
ductiof function (which is a dual of the production
function). He rejected both the Translog and the
Generalized Leontief forms, but he was unable to reject
the Square-Root Quadratic form.
In the event that all three functidhal forms are
. rejected, or that more than one is not rejectéd, when
we perform the parametric tests, Appelbaum. suggested
that we rank‘tﬁe test statistics used in these tests,
and choose the functionai form with the lowest value
for the test statistic. Berndt, Barrough and Diewert
(1976) provide a Bayesian rationale for.using this
approach, along with any available prior information,

- in making the choice.

a4




55

Inpdicit here is the assumption that we can aggregate
consumption, investment and exports without biasing

the empirical results. v -,

S—

The presentation in this section follows Appelbaum

(1979) .

The procedure reduces to Zellner's (1962) seemingly-
unrelated-equations estimator if the equations are

linear in the parameters.

4

See Berndt; et al. (1974b).

These elasticities can be calculated from the formula

Bij Wi%
ij=1— + AA.17‘3
e e [1/x zzslj le]

i
- . £

fwe elasticities Sij' i = j can now be calculated using

thi fact that

For the Transloé functional form the formula for cal-
culating Sij becones

Bi0 + ej'e-

Sij =‘ eiej , 1 # J.

T

\
From footnote 8, note that S, i3 varies during the samp]f

period as [B.. j]/[6 6.(1/x ZZBiJ A A)] -varies.

During the sample perlod the price of labour relative

ES
-

‘e

W et Ve A e il L




10.

11.

12

13.

14.

to the priées of capital and imports rises quite con-
siderably (while the share of labour does not show any
trend) . Because of this, the value of the denominator
in the expression above tends to rise durlng the sample
period. In calc:ulatlng SKM’ the prlce of tabour does.
not aépea: %n the numerator: therefore thg value of

SKM declines during the sample period. ! ¢

For both A = 1/2, 0, RHAT < 0 throughout the sample

period. For A = 1 and A unrestricted, RHAT > 0 for -

the first five years of the sample; thereafter,

‘\
RHAT < 0. | 45\'

:

"Labourogain% frelative to capital” whenever w - r > 0.

'

See Green (1F64), pp. 17-24.

|

’ ‘ g .
For the Square-Root Quadratic functional form, t?é :
restrictions also imply SKL = S (# SKM)' that

is, that cap1ta1 and labour are complements (slnce

Sii < 0). Thus the Square—Root Quadratic form is not

as useful as‘gltheu\ﬁhe Translog or the Generalxzed X

Leontief functlonal forms for testing the separability

&

hypotheszs. L _ "\ '

(-
[

However, since the functional forms examined in this

A\ 4

~

chapter are not‘leif-dualf(lee Chéptef V) , there is no

réasoh to expect that any (or all three) of these
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" functional forms of a (for example) production func-

tion would not be rejected by the data.
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TABLE 4.2 Point £stimates of the Allen/Uzawa Partial Elasticities
of Substitution .

A. Unrestricted

Six - Sem
.951127 1.21390 3.76256
.919847 1.23453 ., 3:49447
.876908 1.31470 3.53424
.802945 . 1.47179 3.63434
1.08458 .905716 2.73281
.932435 1.06090 2.32080
764499  1.29145 2.01443
.865406' 1.12003 2.02915
.871927 1.08633 -1,.88942
.735902 1.27010 1.64422
.675817 1.34797 1.49121
700433 - 1.26493 1.34035
.651597 1.31728 1.19646
598265 . - 1.38366 . 1.07756
.610162 1.38980 1;17301
.639569 1.31625 1.11406
- 665327 1.24586 1.03320
.668223 1.19235 .871511
.676148 1.12356 .698508
609673 1.15064 .479695
.604623 .,  .1.11293 = .371623
606426 1.06793 .278312
.584833 1.04648 .168639
..607206 = .980263 .104741 .
.632157 .927974 . 729055E~01

Sowhwvbd wm
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TABLE 4.2 (cont'd)

B. Quadratic

OW OO U W NP

1

SIJQ

.885072
.862318
.827086
. 766097
.00628

.884997
. 744986
.831380
. 838563
.723167
671763
.694540
.652450
.605818
.615827
.642364

.665993-

.670158
.679363
.621545
.618468
.621738
.603756
.626387
.650808

Sty

1.25600
/1.27059
1.34111
1.47896
.970102

© 1.10237
1.30592
1.15187
1.12006
1.28478

1.35604 -

1.27964
1.32881
1.39242
1.39699
,1.32848
1.26302
" 1.21383
1.15016
1.17985
1.14580
1.10430_
1.08689
1.02334
.972436

SKM

3.64174
3.41682
3.45643
3.55194
2.74083
2.39543
2.14103
2.14349
2.01805

< 1.81115

1.67887
1.53813
1.41109
1.30703
1.39423
1.33616
1.25826
1.10703
.943493
.741211
.637592
.547003
.441606
.377142
.344012

59
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TABLE 4.2 (cont'd) -

(o] ‘ Leontief

s s \og

. IX IM KM
1 .687155 1.37182
2 .685938 1.36896
3 .$78381 1.39509 *
4 .664947 1.44528
5 . 728096 1.22886
. 6 . 708556 "1.26755
7. .678428 1.34252
8 . 700655 1.27860
- 9 .705218 1.26084
.10 .678034 1.32633
: 11 .665448 1.35664
12 . .674599  1.61997
13 \ .663930 1.34310 2.11174
14 .650767 .1.37628 2.08958
15 T .652690 1.37705 2.12300
b 16 .662021 .1.34334 2.08367
17 .671062 1.31068  2.03704
18 .675714 1.28583 1.96478
19 .683106 ° 1.25263 1.88093°
20 - .667664 1.27438 1.60384
a 21 .669590 - 1.258120 . 1.74849 -
22 . .674021 . 1.23647 1.69520 ' vc
23 +  .670701 1.23189 1.64125
24 .683387 - 1.19313 1.59051

25 -696061 1.16047 1.55859

‘-~ - e

T — .,
e e n g r,
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TABLE 4.2 (cont'd) .
D. ' Translog - M
> . . S ) 8
: . . LK IM . "KM
1 .680476, 1.35460 « ~ 2.21853 -
2 .679106 1.35255 2.22273
3 .680455 1.35544  2.28212
4 .682935 1.36092 2.24953
5 .666705 1.33112 't 7.18245
6 666484 1.33243 2.21002
7. .669173 1.33919 2.25545
8 .665051 1.33136 2.22492 ’
9 .662626 1.32790 2.22193 )
S 10 .665364 1.33442 2.26493
\"\, . 11 .666261 1.33735 2.28900 :
' VY ' 12 .662383 1.33133 2.27917 ° .
b . 13 .662899 . 1.33361° 2430162
14 _ .664396 1.33773 2.32985
i 15 T .665212 1.33830 2.32229 ]
; 16 .662208 1.33315 2.30810 *
. . 17 .658823 1.32785 2.29613. .
! 18 .654968 1.32298 2.29550
: e - 1~§ . .649665 1.31644 2.29193
o2 © .649257 °  1,31868 .2.33096
. 21 .646010 ©  1.31529 2.33505
; 22 .642020 1.31088 2.33421
: . 23 ;639738 "1.30956° 2.34976
. 24 .633055 1.30167 ©2.33272
25 - 627179 1.29496 2.31436
. > _
! .
[}
4 . ’ .
P .




" CHAPTER V

CHOICE OF ANALYSIS . : s

v
b 4

INTRODUCTION
The Translog functional form$ like most flexible func-

tional forms, is not self dual.l Thus, choosing the Trans-
log cost function to represent the technology of Canada's
production sector implies a.rejectioﬁ of the Translog form
of the-economy's restricted profit, and produc&ion, func-
tions. In other words, the maintained hypothesis that the
Translog cost function provides an exact representation of
the technology is quite different from the maintained hypo-
thesis that the Translog restrlcted profit function (or
Translog production function) provides an exact representa-
ti;n of the technology. If the empirical results are*
sensitiyve to which of these maintained hypotheses is %gﬁésed
in the empirical work, great care.nust be taken in choosing
a method of\analysls.

" There is some évidenge tﬁa&_empirical results can be
drastiﬁélly'different depending upon what type of function

- cgsc, réstricted profit, or production ~ is estimated.

Burgess (1975) studied thg effect of changes in the price
of‘imports on factoral income digtribution in the U 8. He

.estimatediﬁoth’a’Translog'cost function and a.Translog

pfdduction function. Using the Trapsloé.cos; function, he

A ]
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~
A

found "tﬁat higher impért prices will‘dist;ibute a
diminisﬁed total factor income from capital to labour"

(p. 119). Using the Translog production function, however,
he found "tha@/higher import prices will distribute a

Y .
diminished total factor income from labour to capital

(p. 117).°2

Is the Translog cost function a better maintained hypo-
thesis than the Translog restricted profit, or production,

function? There is no a priori answer to this question,
&

nor is there any statlstlcal test whlch could be used to
indicate which of the three Translog functlons is the best
maintained hypoﬁhesis in_this empirical study. If we cannot
choose one, it would be best to estimate more than one of
the Translog functioqs, and compare the results of the .

estimations. If tﬁe_empirical results are (qualitatively) -

the same, then we can be ﬁore confident that we héve found

the "true" results. 9 '
f

o In thls chapter I estimate a Translog unit cost func-
tion and a Translog res ricted profit functlon, and I com-
i

pare the results of the |two estimations.> 1In making this _
comparison, I maintain the ‘assumption used'in,Chapte; Iv.
tha£ the Canadian“economy produces one’éutput using three &
inputs. I f£ind no conflict between the empirical rqﬁﬁlts

of the two estlmations.4

.y -




The empirical work in this chapter refines the work
performed in Chapter IV by, first, allowing for nqn—Hicks-
neutral -technical change, and, second, by tes;ing-the null
hyégthesis of zero autocorrelation.of the error terms in
the estimating equations,.s The addition of these refine-
ments affects some of the empirical results. 1In particular,

the effect of changes in_the price of imports on the price

of capital is sensitive to changes in the specification of

technical change.

A useful exten51on of the emplrlcal work 1n thls qgapter
1nvolves disaggregating imports 1nto a number of sub—
q . , Catego_nes.A In the last section.of this chapter, I dis-

aggregate imports into two types,_imborés f;om the U.S.,

‘and "all otherf.impofis. I figd‘that tariffs on “imports

from‘ﬁhe,U.S. may have a different effect on the price of

capital than tariffs on "a¥§ other" imports.

This chapter is organizedsas follows: 1In Section two

\k I discuss the results derived ?rom egtimating a Translog

unit cost function. In Section three I discuss the results

- 4 . . . it
- . of a Translog restricted profit function, and 1 compare the
. two sets of results. Finally, in Section four I compare

the effects of‘tariffs.on‘imporés from the U.S. witlr the’ a

effects of tariffs on "al% other” imports.

~ . !

A, L. .
7] : .

i .

. . .

/ : -
A ' , -~ .
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" rental rate rises, while in models three and four the rental
. v -

. rate falls. : .

1.18 and 1.23 (-.18 and -.23 for imports). The estimated

_of E.» and the (point) estimates of ‘the-effect of a'change_i
.Once’ again I am inclined to disregara the results of model
CONCLUSTON ST . | T

. Higher import prices lower the (reall wage fate ancl redistribute N

75

- ¢

presented in Table 5.12.°

-

In all four models an increase in the price of imports
reduces (real) wages, .and redistributes income from labour - J

., )

owners to capital owners. In models one and two, the (real)

> h
-« e

A Note on Model Four °

Model four yields estimated of the é?ares of output
and imports (but mot of labour and capital) that are quité
different f;om the actual sharés: the estimated-share of ’
outbut'varies between 5.37i§nd 5.15 (-4.37 and -4.15 for

imports), while the actual share of output varies between

share of imﬁorts is used to calculate the point estimates
MM
in the price of imports ‘on wage and rental rates, and thus -

all these estimates are extremely large for model four,

¢ . - -~

four. . . -

.
¢ ‘ . L.

v,

»

The Translog cost and restricted profit functions yieﬁr
(qualitatively) - simllar fa?Foral income distribution results. -
L. " S

. L]
., ¢ \ " . '
(2] . ' : ’ s
3 -
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» ‘ ‘ ‘
~correlation in the error terms, I aégume
Uie = P31 Y5 -1 * 84t (3)

wheré}pi is the autocorrelation coefficient, and where (by

assumption) the vectors €y = [elt...ent] . )

are normally distributed with E(e_) = 0, and E(eg,e') = (Q,t=s

t 2 t s 0,t#s

, .

The first order autocorrelation assumption in (3) implies
that the error term of the ith sﬁare equation is not serially
céfrelated with the error terms of the other share equations.
éerndt and Savin (1975) have shown that in this case the
auéoco;relation coeffiéients<3f‘all éhare equations are
identical.®

N
Vo

' Thus, the share (equation) of factdr i, i = K,L,M, at

time t, is given by:

t-1

0. f a, + § Bij R.n,wjt + YiE\fAPei,

- pai ~pL B,. An w,

ij j,t-1 -oy;(t-l)+e,

(4)
The special case of no autocorrelation -p = 0-is nested in
the general model (4). Thus,_ye can test the null hypothesis
of no autocorrelition using the Likelihood Ratio test. . We

can also test the null hypothesis of Hicks~-neutral (or zero)

technical change-yi =0, for all i —Z:using %he Likelihood

Ratio test. FPinally, by setting p = Yy = 0 we have the




specification used in Chapter IV, and thus'that'specifica-

tion can be tested using the Likelihood Ratio test.
¢

‘The data and the estimation proceduré are described in
Chapter IV. Because there are lagged variables in thé esti-
mated share equations, the sample period covers the fears
1949-1972. In the estimation, I omit the equation of the

share of imports.

RESULTS
The results are presented in Tables 5.1 to 5.6 at the
end of this chapter. I estimate four "models" of the Trans-

log cost function. The models are:

-

Model 1: Non-zero autocorrelation coefficient (p # 0)
' and non—Hicks-neutral-techniqgi change
(v, Yg # 0).

Model 2: p =0: v.,Y, # 0.
—_ L''K

Model 3: p = = 0,

L T Yk ‘
Model 4: o # 0; Yy, =Yg T 0.

4

In all four models the estimated.cost function satisfies
the regularity conditions over the entire sample period (ex-
cept model 4, over the first four sample poiﬁtsi.

- {

Tests of the Null Hypothesis

At the one percent significance level, the null hypo-

thesis of zero autocorrelation (model 2) is strongly

AN,
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rejected, while the null hypothesis of Hicks-neutral techni-
cal change (model 4) is not rejected (see Table 5.3)7.
(Model 4 is reéected at the 2.5 percent significance level.)
The Translog form-estimated in Chapter III (model 3) is
strongly rejected. |

P

‘Allen-Uzawa Partial Elasticities of Substitution

For all four models, both capital and labour are Allen-
Uzawa substitutes for imports (see Table 5.4). ‘The point
estimates of thése substitution elasticities -- used to
examine factoral income distribution questions -- yary ffom

model to model.

The sign of SLK is sensitive to the specification.of the model.

For models two and three, is positive. For model one

Sk
SLK is positive for the first eighteen years of ‘the sample,

and negative for the finaL/six years; while for model four

LK
final eight years. \Fufthermore, the size of the point esti-

S is negative for the first 16 years and positive for the

mates of § . is quite small for all models except model

three.

The Own, Price¢ (Partial) Elasticity of Demand for Imports |

The‘own price partial elasticity of demand for imports

(EM) derived from the cosﬁ‘function measures tlie effect of

a change in the price of imports on the demand for imports,
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holding output fixed. It is related to the own partial

elasticity of substitution by the formula

By = Sumu

The values of E, for the four models are given in Table 5.5.

M

The values of the point estimates of E, vary from model to

M

model., ,
]
9

The Changes in Domestic Facteor Prices
In all four models an increase in the price of imports

reducgs real wages and redistributes factor income from -

laboﬁrfowners to capitai owners (see Table 536).» In models

I .

- one and two, the real‘rental rate rises: in model three'fhe

. i
real rental rate falls~°and in model four the real rental

rate rls%s in the first seventpen years of the sample, and

RS
falls in the flnal seven years qf the sample. P i

° P v"' . i . J o . 3
: o o S R /. |
L 3 ¢ ¢ 1 ‘; oo N “

A Note\pn Model Four ) '

LY ~ ~
] -

The estlmates of the cost shares calculated in model
! I '

Q '
four (and msed in the calcuiatlon of the s { are qubte

® i .

different from the actual cost shares. For exampley in the -

" first ten years of the sample, the‘estxmated cost share of -

labour varles between 0.2 and 0. 3 whlle the actual cost -

share of labour varies between 0.55° and Q.53; ag&in, in these

years the estimated cost share of capital far exceeds the

- , | | R T
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~

actual cost share of capital. (In the other thxee‘models,
5
® actual and estimated cost shares are quite close to one

* another. ) For this reason, -I am inclined’ toé ~disregard the

‘v
R

results of model four.

3. THE TRANSLOG RESTRICTED PROFIT FUNCTION »

The Translog restrlcted profit functlon is glven by:

' Aft At
inrm ‘= f“iln(Pie | ) + £¢j £n(xje ) - ' ,
1 ' At : xkt ' LI it ALt
4 + 7 Iz An(Pie  in(e 1) + 1D By zn(p e * )n(x.e J )
\ R lk k k ) J
| \ L xht : S
+ 2- zz Typtn e Men(xe . : , '(5) : .

Q. - :

where Zi = 2, and Tip = Thj (symmgfry), where P, are

J
the prices of the variable quantities (output (Y) agd imports -
M)), and xJ are the/quantlties of the fixed factOrs (capital

(K) and labour {(L)),. and where I have assumed disembodled, K

exponential techn1ca1 change in rhputs and butput. The ;’

£

Translog restricted profit functioh satisfies the followxng
. regularlty conditions- (l) mbnotonically incteasing and

concave in, L and K and (2) convex in the prices of Y and M,
\‘ o " °: and monotonically increasing (decreasing) in the price of‘
” o Y (n) The function is linear honogeneoua 1n thé pricea of

Y a.nd M and in thiquam:ities of K and L. :I.!

".,J Y - 7~ - — * .
.

- "9‘{‘1'«24’;;."'/1 o

P
4 . o

- Iz,, = - I8, = Ity =0 . -
- ﬁc~{3ﬁ 343730 -

r 4\’

~
- N
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3 ) . S
I estimate the, parameters of ;hg.linear hoﬂoqeneouﬁ
Translog restricted rofit function by estimating the equa%
tions representing the shares (with respect tQ restricted u
.p:ofitf of t?e variable quantitids, Y and M (vhere the shaée
, | of M is n;'g'ative-), ‘apd of,th;e £ixeg_fa\ct?r§ ' K and L. These

* share equations are given by:

4
<

Sénn . . ”
A . $ToE; = °f + i 2, AP, + § By4nK; + vyt

.l R '_g' . ) “.3 ¢
, ¢j + IL; rjhznxh + L sijznpi 4 yjt (6)
‘ ’\\ ) Z Jb : ° * s

f ¢

.where the Vi,ire:thg\éharés of output and the imported

¢ N . ’ N LS Q
v input, and - IR .

s . 3 LN

the ej are the shares of'capitai and }abour, and where

- covy I Ak T Byl
k HEE

z" o /- ~

R Yy = jhh”; JELIEN .

’
¢ "o
Ll v - [ * L]
;

Al

e

~ A

N

* _The share° equations are stacked i.n orde.r to fi.nL con- .'

aistqnt edttmateg of the cnunon paramaters. 'Since th V "
. \ ?

e ahares shmlto one, and the 63 shaxes sum to oné the overell o
. covgr:lan‘oc utrix j.s “qqular, &nd one each of- the V:t

’ | matror‘uz- :pecui.cation i.nel.ndu tha u@tm "-,.‘*
N mwnuzmtmmm e implisr

MWWMW!«MI& #m

-
o -
1
v
et K4
' . -
.

jshm equat:l.onc iu:tbeenittod"’ LT .

.
T4 v
N ‘ \ Ioa -
. T '. !' ’ = f ¢ ) i [ 3 Svo4 . ! " & - Lt
LN P . , ,' H B ‘ v Yald - Ce .
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¢ are identical, and that the autqoorrelation coefficients.

for all the ej equations- are ident'ical'..8 - ’ .

The data and the estimatidn procedure are described in

Chapter IV. The sampie period covers the years 1949-1972,

In the estimation, I omit the equations of the shares of ' =

‘ iﬁborts and of capital.

! . “ * 5 \

RESULTS

‘ The results are presented in Tables 5.7 to 5.12 at the 9

I r

end of this chapter.. .I estimate four "models" of the’Trangr

"log restricted profit function, The models .are:

v

4 A ) Model l: Non-zero autoéofrelatlon coefficients (py,pL#O)
, and nongHickg neutral technical change
g : v brgr YER O - -
o ' & .o . - é -
2 ~ -Model 2: Py = pL = 0; Yyr Yy, # 0. P
o Model '3: Py: = Py, =‘YY =Y, =0, - ’ -

Model 4:7ipy, pL # °='Yyr Y£ = 0.

. ¢ In all four models, the estimated restricted profit

S e ML e et e 4

SN 5 i RS AR L S RN -5 TN

function satisftes the regularity conditions over the entire .

e o =

sample period. .

E ” Teats of the Nuli Hypothesis ‘.6.
- | 7- Thq null hypothesil of zoro autocorrelation is just
\rcjectod at the one poropnt level of niqnificmoc. m null

e
wormwaummmemuxu

oAl S

A <9 ot R ' . . .
. , N .
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‘e;gj the following way :

not rejected at this significance level gpor is modgl 4 re-
. ~

jected at the 2.5 percent significance level), The nuyll
hypothesis that both the autocorrelation and the technical
progress coefficients are zero (mode® 3) is strongly re-

rr

jecte¢‘(sée Table 5.9).

¥

. The Partial Elasticities

. The partial el?sticities in ?éble 5.10 are defined in

Al

Y Ty is the partial elasticity of transformation between
o~ [ X [
Y and M, where : /y/f v
. T ®
;‘ [} - PYPM -
M " w,w
\ Py Py
FeL is' the inverse' partial elasticity of substitutiion
@ . ) ) . ' o
\\\ - between K and L, where . A
' : o '
~ .'J _ Mgy, _ 3 ) .
¢ KL TeL . ’

1

% Rypr Hyps HML and HMK are the elast1c1t1es of‘inten—

£
4 “

sity"™ where (for example) . , T

) ) - | | | | | ,
YK P‘" .o .‘ ‘ . . K \ )

Uzawa elasticitie: calculatad fron thc cost . function. See

Crhese éla:ticities are not directly comparible to the ‘Allén-



s I T S-S TR SRDR SV A

. whiere w‘(:a is the proportion(l change in tha wage (rental)
L N
rate, and- Hw (nmf is the elasticity of intenstty between
’ 1nports md ldbou: (capital)/ m valuu, of w and .z’ are

-
. . : 0

»

X

footnotes 9 and 1] in ChapteraIl.) Once again, the size
and the sign of the point estimates of these elasticities

vary from-model to model. : "

¥

The Own Price (Partial) Elasticity of Demand for Imports:
The own price (partial) elasticity of demand for im-
ports.(EMM), derived from the restricted profit function,

measures the effect, of a change in the price of imports on’

n

‘the demand for imports, allowing output (and domestic factor

prices) ‘to change. It is related to the own partial elasti- .,

city of transformation by the formula '

<

e
e, . A 4

EMM = TMM VM*{ .
. R . .

" Point estinﬁ's of EMM for all four models are presented in

A |
N

Table 5.11.

The Changes in Domestic Factor Prices

ky

The effects of a one percent ihsrease in the price of

imports are canplated:using the fbrmulas:i{ o ' Cos
. v e . ! i ' o
. W = HLM Vh - . , ' | NN .
s .
2 ‘

s PR Rt by e Wt KR ey B g
. -

’Hmv

-

‘ a
N f

- ;
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" rental rate rises, while in models three and four the rental
. \J ° ’

75

presented in Table 5.12.°

In all four models an increase in the price of imports

reduces (real) wages, .and redistributes income from labour

o s

owners to capital owners. In models one and two, the (real)

» had

. rate falls. - .

A Note on Model Four °

Model four yields estimated of the é?ares of output
and imports (but nmot of labour and capltal) that are quite
different ftom the actual sharés: the estimated-share of ¢
outﬁut'varies between 5.37i§nd 5.15 (-4.37 and -4.15 for

imports), while the actual share of output varies between

© 1.18 and 1.23 (-.18 and -.23 for imports). The estimated

share of iméorts is used to calculate the point estimates

_of E ‘h and the (point) estimates of ‘the'effect of a'change.i

MM
in the price of imports-‘on wage and rental rates, and thus

all these estimates are extremely large for model four.

.Once’ again I am inclined to disregéra the results of model

b - ) »

four. . ) -

¢

A

CONCLUSION o e . - oo

@

~The Trahslog cost dnd restricted profit functions yieId'
(qualitatively)-similar gaigoral inceme distributiop results.’

. Higher “import prices lover the (real]l wage fate an4,redi§ﬁribute

1T, ’
- + - -
. . L]
AN ’ ’ e . .
” . ' ) ‘ ’”
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" technical change is often imposed in empirical Atudies --
- the profit function indicates that the rental rate falls,

whilé the cost function indicates ‘that the rental rate rises

* yearxs. Although the null h&pothesis of ﬁickSvnéutral tech-

‘technical change), I find that the imposition of this null

income from owners of labour to owners of capital,

The effect of highe; import prices'on the real rentaly
rate is quite sensitive to changes in the specification of
the nature of technical cﬁange. If non-Hicks-neutral tech-
nical'change is assumed then both the cost function and the
profit function indicato that higher import prices increase
the real rental rate. On .the other hand, if Hicks-neutrad‘®

technical change is imposed ¢~ and this specification of

’

in the early years of the sample and falls in the later

¢ . v “
nical change is not rejected (where the maintained hypo-

v

thesis is non-zero autacorrelation and non-Hicks-neutral . 3

P

hypofhesis leads-to estimates of "shares" (dependent

EER R Sy

variables)’ that are quite different from the actual values '
of the sharee. Since these estimated shares are used to
calculate the effects of hiqher import prices on domestic
factor prices, it is clear that the imposition of chka-
neutral technical change leads to unreliablevestimates of |

the~changes in domestic factor prices. Therefore, T use the

results derived from the mo&él(s) with non-Hickn~neutra1
technical change//And X conclude)that highen import prféea

‘ S/ . . o _ L




e e

O Al Al Y e
-

b

77

increase the rental rate in Canada.9

-

The point estimates of the own price elasticity of
demand for imports (ha}ding"output end factor ﬁrices fixed|
derived from thé cost function are quite sensitive to the
specificatiop of autocorrelation: when zero (first order)
autocorrelation is assumed, this elasticity is greater than

one (ignoring the negative sign), while when non-zero auto-

correlation is assumed the elasticity is less than one. » |

Similarly, the point estimate of the own price elasticity of

demand for fmpofts (allowing output and factor prices to

; vary] derived from the profit ﬁunction is greater than one

when zero autoCorrelation is assumed, and less than one when .

s "

non-zero autocorrelation is assumed (ighoring model foﬁr of

the profit function). Since zero autécorrelation is rejected’

by the dsia, the evidence of this chapter suggests ‘that both

)
own price elasticities of demand for imports are less than
one.%0

’ .. .
4. A DISAGGREGATION OF IMPORTS . ' 0 K

The results of Appelbaum and Kohli (1980) suggest that
‘an increase in the price of "1mports from tﬁe-U S." lncreases
fthe nental rate and reduces the wage rate in the Canadian
economy What happens to domestic factor prtces when the,
prices of imports from all other cg;ntries (“"al}] other“ ‘

imports) rise? The/results of Sections two and three of

* N +
.
Y »
+

P

. : Sy
. - .
"" : 4 v ‘ - N
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this chapter, which indicate the effects of a change.in the
' price of aggregate imports, cocld b used to make inferences
about the effects of a change in the price of some sub-
category of imports only if either (a) the technology is
separable between all types of imports on one hand, and

11 or (b) the

each of the domestic factors on the otﬁer
prices of all impcrts vary in»striét'proportion.12 If the

production process is seperable between imports and each

of the domestic facF?rs, fifms cHoose their optimal input

combinations in tqo separate steps. First, firms allocate

expenditures among capital, lebOUr‘aid the aggfegate‘cf

imports.- Second Eirms decide hew much of the overall ex- % .
penditure gn aggregate 1mports should be spent on. each type
‘of import. Thus,ain this case, if, an increase in the price
of aggregate lmports causes (for example) a decreaseJ}n the
‘wage rate, then an increase 1n the price of each and every
sub-category of‘impqrts also causee a decrease .in the wage.

. t \
rate,

v’

When we disaggregate imports into "imports from the |

f ’ { < . . .
' ) U.8.",8and "aii other” impo;gs, there' is reason to believe
that there hae been some,divergence between the movements.

of the pr!ie indices for these two types of imports. These

» ,divergences may haQb arisen, for example, because Canada
L Y

.reduced tariffs on imports from the U.S. without changing

.

. tariffs .on imports frcm other countries. In tbis,secttop,

. .
é
LR
'
’

[
>
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I examine the,separability question. I assume that the
Canadian production. sector produces one output'using‘ﬁpur

Y

inputs: capital services, labour'services, "imports from
the U.S."}‘and "all other"vimports: I ekamine the effect of
a changé in the pricé of eech tyée of import on domestic
factor rewards, and I test the null hypothesis that the
Canadian production ptocess is separable betwéen the two
1mported inputs, on, ‘the one hand, and each of the domestlc )
factors,,on the other. ,

I4
f

The Translog Cost Function With Four Inputs

The econometric model is the same as that described in
. , . - : . y -
Section two of this chapter, extended to the case of four .

inputs., T estimate the equations representing three (of the

-,

[

four) inputs {k&:ptel unit cost. I assume disembedied ex-
ponential technical change. in inputs, and first order auto-
. e . :

correlation of the error terms of the share equations.

RESULTS ! Coe .
The results are presented in Tables 5, 13’ to 5.15 at the
end of thls chapter. I estlmete four “models" of the .cost
fﬁnction in order to test the null hypotheses Bf sero auto-
correlation and Hicks-neutral technical change. The null .

hypothesis of zero. autocorrelation is' strongly rejected while

the null hypothesis of Hicks—neutral technical change is '




ports varies batween 0.05 and 0.26 throughout the sample

&

also rejected (see Tabies 5.13 and 5.14), For this reason,

©

I ppesent the results of model 1 (maintained hypothesis of

non-zero autocorrelation and non-Hicks~neutral technical
change). The estimated cost function satisfies the regula-
iity conditions for all except the first five years of the

R ad
Y

sample period.

The' parameter estimates for model one are given in .
rable 5.15. Using these (boint) esfimate§ I find thaf capi-
tal and labour are EALlen/Uz;wa) subsfitutes: "imports from
the Q.S.“'are substitdtes:for both cépigﬁl and'}abour, while
"all otﬁérﬁ impoptsvare compléments of both-cép;tal and labour..
The two importgd.inpﬁts are‘subStitutés foE~oné another.i
Turniﬁg to tpe e&n'pribe'elasticity'of demand for imports

(holding'output,énd doﬁéstic~factof prices constant), .I find

L] .) * ’ "
that the own price elasticity of demand for "imports from

-the U.S8." is approximapelz'l,1 throuqﬁdut'the sample period,

"while the own price e;éstiéity of demapd for "all other" im~

period (not-including three gaf%y sample'ﬁoints.when this
elasticity is posifi?e). Einélly, ﬁéiﬁg‘tbe'point:estimates o
of"tﬁé substitafipﬁ elastigitiés I find-tﬁe following factor

.price changes:
(1) an increase in the pricé of "imports from‘fhe v.s."

causes a fall in the wage rate and an increase in the

» rental ratelB,.and ' \“\T*‘ﬁlig.' . ‘
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t

(ii) an increase in the price of "all other®" imports causes
a decrease in both the wage rate and the rental rate:

. furthermore w - T < 0.14

Test of the Separability Hypothesis ' _ _
The null hypotheéis is that the Translog cost function ;

(model 1) is separable between the two imported inputs, on /

the one hand, and each of the domestic inputs, on the other.f

!
i

(This does not imply that the two domestic inputs form a . |

géparable sub-group.) . This separability restriction implie

On B = O Bnp
o Pux = %M Bnk (7)

where BN'(S ) is the share of U.S. imports (all other |

are parameters of the Translog

.

impo;ts), and the Bij

»

cost function,

4

-
N

The conditions (7) hold throughout the sample period iff

’

Oy "BNL B Bam o Yy . '
=M, N j = L,KM,N,, and’khere

where Y; < z BlJA]’ i
Aj are the tqchnical progress terms (see (}) in Section
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sample peplod SLN = SLM # SKN = SKMﬂ In est;matloé, the
conditions (8) imply four non-linedr restrictions on the

parameters.

Without the separability restrictions the value of the
log of the Likelihood Function (L) is 304.98. With the
) .
\ restrictions imposed the value of L is 298.87. The value of

the test statistic is thus 12.22, The critical value of

C2 2
X0.01 ‘X0.025

Thus the separability hypothesis is not rejected at the one

) with four degrees of freedom is 13.28 (11.14).

-

percent significance level, while it is rejécted at the 2.5

percent significance levels%s ., »

The cost function with the separability conditions im-
-yposed satisfies the regularity conditions throughout the
sample period. All four inputs are Allen-Uzawa substitutes.

Turning to the factoral-income distribut?on results, an in-

.

crease in the price of either import causes a decrease in
A

the wage rate and an increase in the rental rate. Finally, !
. the point estimates of the own price elasticity of demand

. for U.S.\imports varies between -1.1 and -1.2, while that
- )

for all other importsivaries'between -0.88 and -0,86.16

/

Vi

"CONCLUSION

4

The results of ;this section suggest that additional

information is gained' by disaggregating imports into two
‘ ) - ' ' . \
categories, "imports from the U.S." and "all other" imports.

A .
o o - \
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" An increase in the price of "all other" imports reduces both

-
PN

the .rental rate and the wage rate, and redistributes incdﬁg
from owners of labour to owners of capital. -The fact that

an increase in thé price of this category of imports actually
reduces the rental rate is the first indicatién,that taxiffs

on some imports harm the owners of capital. The results of
. : %

« .

this section also confirm that an increase in the price of

"imports from the U.S." raises the rental rate and re?uées

the wage rate. ‘

A T

‘ T
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\ . FOOTNOTES - CHAPTER.V.’ .

@

1. See McFadden (1978) for a discussion of the concept of

 self-duality.

2.  Similar results are reported 1n Geary and Mcnonnell

} (1980) ,~ 1ng d for the Irlsh economy.~

a v . - —— s

3. In practice, the ‘two estimations differ not.only begause
af the differenc¢e in the’?aintained hypothesis but also
e o ST

because of differences in-the stochastic specificationé

of the two models. T o ‘r

-«" " : -

—~ B I .‘,' ‘
4, I have also estimated‘a Translog production functlon.

" The factoral income distributron,resulti derived from ;
” the productlon functlon are sxmilar to the‘results de—

rlved from .the cost and restricted profit functlons. ) .

. -,',0

lbe footnote 9, below. o .

I
o . .

N « - , B’ a
. i .

.
) . . . R

. v [ T
5. ,.Kohii'(1978) includes these two refinemenits in his work.

il

-

6. See Berndé and soéin'(1975) The authors examine the

%
-

problem of . serial correlation when the covariance matrix
is singular . . ‘_J"

<
vt

,,.\ . L . ’ .
-~ g

. A A O
-

-
7. The procedure used in Tablo A.B !ollovs the procidnro
cutlinodiulohli usm. D

18, e Barsdt aid Savin G751, SR & BN

s
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12,

13,

" weak homothetic separability. See Green (1964),

I have also estimated a Translongrodui;ibn Function,
*

Using this production function I.was unahle to reject

both the null hypothesis of Hiqks-neutrai technical

changé and the null hypothesis of zero autocorrelation

~
LI

coefficients. With both of these hypotheses imposed
(which gives the production function-equivalent of
model three}, the Translog production.function coni&rﬁi
my results: higher import prices cause a fall in the

wage pyate and an increase in the rental rate in Canada.
But see the discuskion in Chapter VI, béiqw. The prob-

lem of serial correlation of the errqr terms does not

exist when the model is modified to allow for slow ad-

-

justmq.t in éhe production sector,

More correctly, if the technology éxhibits (at least)

.. <

pp. 17-24.
(\

/ t
[

In this case the conditions for, Hicks' (1946) aggrega-

tion are satisfied.. See Diewert (1975). .

~ ' ~

For a change in the price of some imporﬁed good (M), -

the price of the other imported good (N) remaining con-
: ‘ . ‘ ..

stant, we have:

’

A D> oo ) > {
w0 as (ShM—SKM) + (SKK §LK) - @




. ———

14.

15.

. L
A D >
r ¢ 0 a; (S ) + (SLL LK ? '
W= > 0 (1-6.) (S ) + 6.(S Y20 \
w-r o Boas M StM™Skm N S5k <

The model four ‘version of the ‘cost funcﬁion (which
satisfies the regularity conditions) yields similar
factoral income distribution results. It is note-
worthy that here, in contrast to the results of sec-

tions A and B, the factorél income didtribution results

.are hot sensitive to changes in the specification of

technical change.

The models two and three versions of the cost

LY

"function do not satisfy the regularity conditions.

For both of these versions the estimated own price
elasticity‘of demand fogr "all other" iméorts is posi~
tive. I attempted to estimate these models with the
regulaﬁity conditions impoged (see Lau (1978)), but’

the estimation progedure did not converge.

An alterpative approach is fo test the null hypothesis
that the upderlying {(unknown) cost function is (weakly)
separable betwéen the two imported inputs and each of
the domestic inputs. in this case the Translog cost .
function is treated as a second order appro#ima;ion

to the underlying cost function. By imposing two non-

linear restrictions on the Translog cost function it

\

-

£
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is possible to generate a Translog cost function that
is a second order approximatiog‘to underlying separéble'
cost function. Essentially, this nulfshypothesis im-
plies that in the base year SLN = SLM # SKN = SKM'
while in all other years S . # Sy 7 Sgy * Sgy- (See

Denny and'Fpss (1337).) I tested and rejected this

null hypothesis (again, ﬁsing model one).

I estimated.a Translog restricted profit funFtion with
dis&ggregated imports. The e;timated funétions did
not §atisfy'the_regu1arity conditions. I attemptea
to estimate the restricted'profit function with the
regularity conditions imposéd (see Lau (1978)), but

the estimation procedure did not converge.
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TABLE 5.1 PARAMETER ESTMTES OF THE TRANSLOG COST FUNCTION

Model 1 Model 2 - Model. 3 *  Model 4
* * i
Su .57 .58 .57 .34
. (.005) (.003) (.002) (.09)
. ,
. o .25 .25 .26 .40
(.007) (.004) (.003) ©(.06)
8o .18 lu . .02 .. 18
(.006) (.003) (.005) (.002),
BLK -.14 -.12 -.053 -.14
(.013) (.019) . (.007) (.013)
B .13 .053 -.005 e
(.017) (.030) (.019) (.016)
& .
\A -.008 -.005 - . -
(.001) (.001) - =
% Yy .0045 .004 - 2
! (.001) (.001) - -
P : .79 - - .96
(.065) - - (.011)

Note; Standard errors in brackets. _
All other parameter estimiates can be calculated using
the restrictions on the parameters.




TABLE 5.2 R2, D.W. STATISTICS AND VALUE OF LOG OF LIKELIHOOD FUNCTION

Model 1 Model 2 Model 3 Model 4

Equation R2 /D.W. ) ,R2 D.W. R2 D.W. R2 D.W.

- o . .
Labour .92 1.67 .8 0.96 .66 1.35 .9 1.56
Capital .92 2.41 - .7 0.75 .63 0.96 .89 2.59
Log L 192 170.2 163.5 - 188.3

e
L4
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TABLE 5.4 POINT ESTIMATES OF THE ALLEN/UZAW.

O W WO U & wN

-

o~

OF SUBSTITUTION -

.24
.24
.25
.24
.23
.21
.22
.23
.21
.20
.20
.20
~.19

.22
.22
.22
2r
.19
.19
-8

.18

.17,

Sxk

-.84
-.83
-.83
-.83
-.85
-.86
-.86
~.86

,-.87
-.87
-.87
-.86
-.86
-.86
-.87
-.87
-.87
-.86
-.84
-.83
-.83
-.80
-.81
-.83

-

Model 1

SNM ’ SLK
-3.92 .14
-3.85 .13
-3.77 .13
-3.85 .14
-3.85 .12
-3.83 . .092
-3.77 .10
-3.73 .10
-3.711 .078
-3.68 .061
~3.66 .060
-3.63 '.042
-3.59 .022
-3.50 .038
-3.46 .044
-3.43 .046
-3.42 .038 -
-3.41 .028
-3.42 | -.012
-3.41 -.025
-3.39 -.033
-3.38 -.058
-3.37, ~-.052
-3.34 ,-.040

PARTIAL ELASTICITIES

-

s

m‘

.53
.53
.54
.53
.54
.56
.55
.56
.57
.58
.58
.59
.60
.60

.60

.60
.60
.60
.62
.62
.62
.63
.63
.63
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2.46
2.45
2.45
2.46
2.44
2.54

1.11
1.1
1.12
1.11
1.11
1.10
1.11

.20
.20
.21
.18
.17
.17
.17
.16
.16

Model 2
-7.77
-7.81
-7.96
-6.97
-7.19
-7.63
-7.19
-7.06"
~-7.46

~-1.85
-1.82
~1.79
~-1.88
-1.95
-2.02
-1.96
-1.96
-2.02

" -.44
-.45
-.46
-.46
-.44
-.41
-.44
-.44
-.41

TABLE 5.4 (cont'd)

10

22885

.
NN ANNN

O~ e~
P Q= R R
s & & s 8
o e
O 0NN O
o Qs st s e

. L]
VNGO ™M D
O @ IN 0O
~r~r~~~
R
P e e W
oO0O0AdO
®» & a2 o ®
NN~
R N
o o o
Y L RyR
e S SR
PR
- N
—

-
L]

2.53
2.49°
2.61
2.62
2.62

1.11
1.10 .
1.10
1.10
1.10
1.10
1.10

1.09

.16
.16
.12
A1
.10
.096
.084
".078

-7.42
-7.19
-7.07
-6:90
-7.18
-7.10
-6.97
-7.01
-6.70
-6.40

-2.01
~2.01
-2.04
-2.08
-2.18
-2.21
-2.24
-2,
-2.30

-2.29

N

-.4
-.42
-.42
-.39
.39
-.38 °
-.37
~.38
-.39

.4

16
17
18
19
20
21
22
23
24
25

{




TABLE 5.4 (coqt'd)

.76
.76

t

.75

.74

.72
.71
.71
.70
~-.68

.69
~-.69

.67

-.66
-.65
-.66
.66

.73

.74,

.69“

.69°

2

KK

-2.55
-2.54
-2.52

-2.67

-2.72
-2.74
-2.76
-2.79
-2.81
-2.83
-2.87
-2.90
-2.91
-2.89

.=2.92

-2.95
-3,01
-3.08
-3.14
-3.19
-3.25
-3.30
-3.38
-3.43

Modei 3

m .

-8.11"
-8.23
-8.47
-7.32
-7.47
-7.85
=7.50
-7.38
-7.74
-7.92
-7.70
-7.85 ~
-8.08
-8.07
-7.85
-7.65
-7.49
-7.28
-7.48"
-7.38
-7.24
=7.24
-6.93
-6.66

.64

.61 -

.61
.60
.59

M

1.35
1.35
1.36
1.33
1.33
1.34
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.34
1.33
1.32
1.32
1.31
1.31
1.31
1.31
1.31
1.30
1.29

/5]
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2.33
2.35
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TABLE 5.4 (cont'd)

SLL

2 .17
3 .15
4 .11
5 ~.30
6 -.18
7 ~-.30
8 -.27
9 -.29
10 -.35
11 -.38
12 -.39
13 -.40
14 -.40
15 -.40
16 -.40
17 -.40
18 ~.40
19 .© -.40
20 -.39
21 -.38
22 -.37
23 - -.36
24 ~-.36
25 -.36

KX

-.41
-.41
-.42
-.43
~.46
.51
-.49
. 50
.54
.56
.57
.59
-.62
.61

-.61
~.62

-.68

» =.70.

.71
-.73

=73

=-.73

-2.20
-2.20
~-2.19
-2.27
-2.29

=2.31

-2.32
-2.33
-2.35
-2.36

-2.38

-2.40
-2.41
-2.40
-2.41
-2.42
-2.45
-2.49
-2.52
=-2.55
-2.58
~-2.60
-2.63
~2.66

e

Model 4

SLK
-.259819
-.255144
.248162
.198755
.136711

.999853E-01
.870919E-01
.524547E-01
.354335E-01
.257573E-01
.130329E-01
.392772E-01
.993354E-01
-.720727E-01
-.265978E-01
.753943E-01
.178568E-01
.247205E-01
.275239E-01
.208372E-01
.277959E-01
.319905E~01
.367972E-01

.872425E-01

S
.368283
.373825
.382847
.395478
.444633

.491163
.473832.

.481867
.518839
.538314
.543321
.560173

.576374

.568651

.567155

.567776
.577145
.586412
.610402

.617721 .

.622956
.633025
.632776
.630192

- 1.00662

54

SKM
1.00470
1.00471
1.00473 '
1.00489
1.00515
1.00545
1.00535
1.00543
1.00573
1.00593 .«
1.006p3
1.00625
1.00648
1.00635
1.00636
1.00641

1.00686
1.00740
1.00766
1.00789
1.00828 -
1.00841
1.00843
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TABLE 5.5 THE OWN PRIQE (PARTIAL) ELASTICITY OF DEMAND FOR IMPORTE (E-'M)
, ~
,‘ *
MODEL 1 MODEL 2 MODEL 3 MODEL 4
< - : . .
-.631992 T ~1.31205 -1.37030 -.595947
-.632897 ~1.31448 -1.37740 -.595782
-.633674 . -1.32248 . -1.39066 ~.595453
-.632914 -1.26580 -1.32358 -.598960
-.632902 -1.27861 - =1.33252 -.600163
-.633037 -1.30438 -1.35501 -.600966
-.633681 " -1.27852 -1.33409 -.601208
-.633971 -1.27084 -1.32713 -.601866
-.634110 -1.29461 -1.34861 -.602532
i -.634328 -1.30543 -1.35912 -.603049. - X
-.634478 -1.29242 -1.34611 -.603897
-.634632 -1.30180 -1.35504 -.604443
-.634782 -1.31514 -1.36839 -.604844
-.635002 © -1.30703 -1.36787 -.604389
© . -.635027 -1.29242 -1.35554 -.604833
-.835006 -1.27892 -1.34328 -.605411
-.634991 -1.27147 ~1.33401 -.606393
o -.634990" -1.26113 -1.32077 -.607566
- ~.635004 © =1.27827 -1.33288 -.608664
' -.634982 -1.27367 =1,.32705 -.609447 .
-.634951 -1.26572 -1.31816 -.610214
-.634927 -1.26805 . =1.31843 , -.610975 ,
-.634881 ~1.24904 . -1.29916 -.611760

. -.634775 -1.23029 -1.28169 -.612301
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TABLE 5.6 THE EFFECT ON WAGE AND RENTAL RATES OF A ONE PERCENT

20
21
22
23
24
25

"

Model 1
r* w
.833777E-01 -.347609
. 793982E-01 ~.356130
. 768172E-01 -.365244
. 778383E-01 -.356568"
.970797E-01 : -.354523
.128479 -.356733
.103858 -.363150:
.103321 -.367170
.134503 -.370839
.154627 -.376857
.153541 -.379717
.177365 - .$86725
. 208569 -.396411
.169538 -.401291
. .154511 -, 405051
.145610 -.408866
.157241 -.411832
172691 -.414106
.256449 ~.428240
.284399 ' -,436453
.304308 ~.443247
.378015 -.462118
.355353 -.459136
. 309614

-.452977

INCREASE IN THE PRICE OF IMPORTS ,

.283811

Model 2
r W
©.152854 -.387430
. 144658 -.385410
.137903 -.380535
.147959 -.414449
< .172570 -.408537
. 200895 -.395755
.176700.  -.408944
.175697 - - -.413629~—
.200296-  -.401355
.211427 -.396112
.211976 -.403652 .
.223495  -.399223
234602 -.392728
.207346 -.394858
'.197474 -.402393
.. 191443  -.409970
.200471 - -.415379
.213502.  -.423127
' .262093 -.415697 ,
.263206 -.419542
".271877 -.425356
.292212°  -.425695"
.293207 -.438295
-.450564

»
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TABLE 5:6 (cont'd) { '
Model 3 Model 4** ~.
g : " 3 . !
_ 2 -.7357183—01 -.271525 -2.12207 3.77865+ .
3 -.713404E-01 -.268797 -2.38529 4.34479
4 -.680750E~-01 -.263829 -2.99780 5.65966
5 - -/806877E-01  ~-.291673 8.07614  -18.6817
. 6 -.738137E-01 -.288345 .693716 -2.33640
' 7. -.636422E-01 -.279454 .253139 ©-1,33848 \
8 ~.699451E-01 -.288118 .340139 .53830
. 9 -.701969E-01 -.291359 .272955 41.38306
. : 10 -.605838E-Q1 -,282666 .126461 -1.03603|
11 -.553693E-01L  -.278675 .781126E-01 -.914402
12 - .565873E-01 -.284251 .615377E-01 -.868394
13 -.516576E-01 -.280874 - .342589E~01.  -.792174
14 -.459342E-01 ~.275804 .154970E-01 -.734498
" 15 -.477992E-01 -.275818 .252569E-01  ~-.766256
16 -.500246E-01"  -.280835 .242051E~01 -.761400
= 17 -.517833E-01 ~.286059 . .203301E-01 -.747384
s 18 -.508934E-01  -.290369 759819801  -.702478
19 -.503282E-01 -.296620 - -.275349E-01 -.659488
20 -.411007E-01 -.291868 -.130447E~01 ~.597154
21 -.391775E-01  -.294%44 -.142660E-01  -.574670
22 -.381593E-01 -.299024 -~.141808E-01 -.556751
~ 23 -.338195E-01  -.299277 -.108304E-01  -.534674.
24 -.358110E-01 -.308514 -.106189E-01 -.524306
25 -.386839E-01 -.317254 -.116189E-01 -.519382
.. - -\h ) a .

Py

n

.
Ve X s ARG e Mol e

Al
™

' * Tese re ts are calculated using the point estmtes. of the substitu-
- tion elastlcxties (see 'rable- 5.4) ‘*See equation in Gxapter II for
the formulas for w and ¥. . .
. Notice that (w - r) is negative throughout the sample period for all four
models. e . f
. ’ 2 “ : -
EN The effect of a one percent.increase in P_ (holding P, constant) can be
calculated from this table by using the fact that the percentage change
in the wage ( rental)rate caused by a one percent increase :I.n P, equals

r

Ex

@

M’

' 4 one minus the percepuge change in thc wage (rental) rate causéd by a
. one parcent increase in P

**'Ihe values of w and r for the first four sample points in this modc‘.l
are distorted by the fact that the-estimated cost fmcgion does not
satisfy the regularity conditionl for these four years.’
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TABLE 5.7 PARAMETER ESTIMATES OF THE TRANSLOG RESTRIGTED
PROFIT FUNCTION ‘
®. MODEL 1 | MODEL 2 MODEL 3 MODEL 4
ay 1.18 1.18 1.2 5.2
: .{.007) (.004) (.004) (.09)
- *
¢ .69 .68 .69 .68
E (.009) * (.005) (.003) (.004)
¥ .
e ’
XA -.10 .045 .102 =21 . -
o © (.078) (.057) (.076) (£07)
B .16 .17 .022 .15
(.050) . (.035) (.020) (.05)
N\ T -.11 . .05 .043 -.027 .
- (.078) (.04) (.003) . (,018)
E ]
Yy = .  .009 . .008 - - ’
(.0025) (.002) - -
LY .-.0038 .003 - ! -
' (.0034) (.002) - -
- 0, .56 - - 1.0
) (.2) - - (.037)
. ’ ) ‘ *
e, .61 - - - .51- .
' (.13) - - (.14)
>
. _*Standard errors in bracketd. Aall other parameter estimates can be
- . calculated using the restrictions on the paraneters.
t
L] ?‘ .
".
.

~

,
.y
o miagmacytc o~ Y

T

R A R TP
L TP R T I P

»

I L
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TABLE 5.8 R>, D.N. STATISTICS AND VALUE OF LOG OF THE LIKELIHOOD .
", FUNCTION ‘ .
MODEL 1 MODEL 2 MODEL 3 . MODEL, 4
R? D.W. Rz D.W. R? D.W. R® D.W.
: EQUATION: ,
oUTERuT .56 1.9 .71 1.6 .09 1.2 .8 2.0
&
LABOUR. ~.78 2.4 .52 1.3 .64 .77 27 2.2
10G L 152.7 147.7 " 138.7 150.5
’ \ N
‘ - ;
1.
.
H
LY Ry g
. o
.”‘ ’
.
o b

L Y
EJ
™\
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TABLE 5.10 POINT ESTIMATES OF ELASTICITIES

4

.58
«57
.60
.59
.56
.55
.54
.57
.58
.54
.52
.53
.52
.55
.56
.56
.56
.57
.57
.58
.60
.61
.59
.61

KL

1.51
1.50
1.50

"1.52

1.50
1.52
1.52
1.50
1.53
1.52
1.52
1.52
1.52
1.52
1.52
1.51
1.52
1.53
1.53
1.55
1.55
1.56
1.56

1.56 °

Model 1

Hyp
1.19
1.20
1.20
1.19
.20
.19
.19
20
.19
.19

[
O W W W WY

ol el el ol ol Rl Tl T Ty

[l el ol e i ol I S el S S e
. e [ .
W @O W O Y

1

HYK
59
.61
.62
.59
.60
.58
.57
.60
.59,
.57
.57
.57
.56
.57
.58
.59
.58
.57
.56
.54
.54
.53
.62
.53

BL&b

NN

[eleo ool

v O,

=-1.37
-1.31

- ~1.16
.=1.39

~1.40
-1.54
-1.65
-1.35
-1.35
-1.68
-1.76
-1.73
-1.80
-1.59
-1.53
-1.48
-1.53
-1.57
-1.63
-1.69
-1.56
-1.57
-1.74
-1.61

101



TABLE 5.10 (cont'd)

Model 2

TYM JIG’.. HYI.. HYK HMI.. HMK

2 1.18 .77 1.21 .58 2.27 -1.43
3 1.18 .77 1.22 .58 . 2.32 -1.46
4 1.18 .77 1.22 .58 2.31 -1.45
5 1.18 .76 1.21 .55 2.23 -1.59
6 1.18 .76 1.21 .55 - 2.24 -1.63
7 1.19 .76 1.21 .55 2.30 -1.74
8 1.19 .76 1.21 .55 ©2.32 -1.75
9 1.19 .76 . 1.21 .55 2.28 -1.70
10 1.19 .76 1.21 .55 2.32 -1.77
11 1.20 .76 1.21 .54 . 2.39 -1.90
12 1.20 .76 1.21 .54 2.35 -1.88
13 1.20 .76 1.21 .54 2.37 -1.92
14 1.21 .76 1.21 .54 . 2.40 -1.96
15 1.20 .76 1.21 .55 2,37 -1.85
16 1.19 .76 1.21 .54 2.34  -1l.81
17 1.19 .76 1.21 .54 2.28 -1.74
18 1.18 .76 1.20 .53 1 2.22 -1.73
19 1.18 .75 1.20 .52 2.19 -1.76
20 1.18 ' .75 1.20 51 7 2.19 -1.81
21 1.18 .75 1.20 - .51 2.20 -1.87
22 1.17 .75 . 1.20 .30 ! 2.17 -1.84
23 1.17 .75 1.20. .50 2.16 -1.87
.24 1.17 .74 1.19 .49 2.13 -1.86
25 1.17 .74 1.19% .49 2.10 -1.83

A} L}
L}
, \
td




~ TABLE 5.10 (cont'qd)

Model 3

Tym IrL i Hyx B, vk

2 1.43 1.19 1.02 .94 1.17 .67

3 1.44 1.19 1.02 .94 1.17° .eé6

4 1.44 1.19 1.02 .94 1.17 .66

5 1.41 1.19 1.02 .94 1.16 .67

6 1.41 1.19 1.02 .94 1.16 .67

7 1.41 1.19 1.02 .94 1.16 .66

8 1.42 1.19 1.02 .94 1.16 .66

9 1.42 1.19 1.02 .94 1.16 .66

10 1.42 1.19 1.02 .94 1.16 .65
11 1.43 1.19 1.02 .94 1.16 .64
12 1.42 1.19 1.02 .94 1.16 , .63
13 1.43 1.20 1.02 .94 1.16 .64
14 1.43 1.20 1.02 .94 1.16 .63
15 1.44  1.20 1.02* .93 1.16 .62
16 1.44 1.20 1.02 .93 1.16 .62
17 . 1.44 1.20 1,02 .93 1.16 .62
18~ 1.43 1.20 1.02 .93 1.16 , *.63
19 1.42 1.20 1.02 .93 1.16 .63
20 1.42 1.20 1.02 .93 1.15 - .63
21 1.42 1.20 +1.02 .93 1.15 .62
22 1.42 1.20 1.02 .93 1.15 .62
23 1.42 1.20- 1.02 .93 1.15 .62
24 1.41 1.20 1.02 , .93 1.15 | .62
25 1.41 1.20 1.02 .93 1.15  ~ .62

-

L L WA

L PP
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TABLE 5.10 (cont'd)

W oo 3oummbs wh

e
O

I
v Wl

NNOMNNNDE
B WP OWoao

25

T

™ .

.990935
.990921
.990900
.990741
.990699
.990640

.990617

.990604
.990562
.990498
.990459
.990422
.990396
.990416
.990398
.990385
.990338
.990281
.990222
.990171
.990148
.990098
2990064
.990043

JKL
1.11844°
1.11807
1.11820
1.12211
1.12270
1.12323
1.12321
1.12341

©1.12371

1.12442
1.12536
1.12572

" 1.12562°

1.12476
1.12504
1.12543
1.12677
1.12833
1.12957
1.13045
1713101
1.13224
1.13311
1.13361

Model 4
By, Hyx

1.04205-  .923900
1.04225 .924383
1.04223 .924118
1.04104 £.918066
1.04093 .917107
1.04087 .916174
1.04092 .916099
1.04089 .915784
1.04087 .915211
1.04079 914026
1.04059 .912640
1.04056 .912018
1.04063 .912040
1.04084 913246
1.04079 .912805
1.04071 .912241
1.04p43 .910306
1.04015 .908078
1.03996 .906250
1.03986 .904932
1.03978 .904125
1.03961 .902379
1.03949 .901146
1.03943 .900440

HML
1.05168
1.05193
1.05192
1.05055
1.05043
1.05040

1.05047

1.05044
1.05044
1.05037
1.05015
1.05013
1.05024

1.05048

1.05044
1.05034
1.05002
1.04970

. 1.04950

1.04940
1.04931
1.04913
1.04901
1.04894

.o

104

Hax

.906476
.907056

- +906709

. 899087
.897858
. 896641
.896521

..896117
" .895362

. 893824
.892066
.891253
.891250
.892764
.892197
.891484
.889035
. 886206
. 883869
882172
.881142
.878910
.877337
.876432

ATk L

e, <
9 “
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TABLE 5.11 THE OWN PRICE (PARTIAL) ELASTICITY OF DEMAND FOR
IMPORTS (E,)7"

MODEL 1°

.717394
.721022
.731746
.673922
.670070
.642862
.647877
.669981
.659324
.629931 .
.637997
.634559
~.636309
-.676721
-31694129
-.718773
-.724899
~.721857°
-.711618
~.703454
-.719275%
-.716496
~.725659

[ I N N Y S RS R R A |

<«

L d
.

-.741834 « |

&

.MODEL 2
'-1.42658
-1.42708
-1.42691
-1.42660
-1.42668
-1.42793
~1.42837
-1.42746
-1.42849
-1.43109
-1.42971
~1.43057
-3-43190
-1.43019
-1.42903
-1.42747
-1.42675
~1.42653
-1.42661
-1.42682
-1.42649
-1.42646

" =1.42640

-1.42651

MODEL 3

-1.71658
-1.72445
-1.72608
-1.70376

-1.70389.

-1.70718
-1.71074
-1.71082
-1.71411
-1.71685
-1.71363
~-1.71587
-1.72077
-1.72648
-1.72656
-1.72462
-1.71872
~1.71363
-1.71195
~1.71233
-1.71132
-1.70944
-1.70796

'-1.70741

'y

MODEL 4

-5.31906
-5.31527
-5.30991
-5.26777
-5.25697
-5.24191
-5.23596
-5.23248

-5,22184. °

-5.20577
-5.19606
-5.18681
-5.18057
-5.18554
-5.18098
-5.17772
-5.16632
-5.15230
-5.13815
-5.12607

- =-5,12057

>5.10862
-5.10074
-5.09587 =
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TABLE 5.12 THE EFFECT ON WAGE AND RENTAL RATES OF A, ONE pgncznw DR

~

w _ INCREASE IN THE PRICE OF IMPORTS .
Model Y Model 2
w ’ ‘r w ;
2 .44 .27 -.47 . .29°
s .3 -.44 .26 -.46 .29
‘ 4 .. -.45 T .24 - .46 .29 <
E 5 -.44’ .28 -.46 .33
f 6 -.43 - .27 -.46 .33 -
. 7 -.43. .29 . ~.45 .34
} ¢ 3 W7 .3 -.45 .34
ﬁ- 9 -.44 .27 -.45 .33
i 10 . -.44 .27 -.44 .34
i. L 11 -.42 .31 -.44 34
i 12 -.41 T .32 -.44 .35,
13 -.41 .32 -.44 .35
14 -.41 .32 -.43 .35
‘15 -.42 w30 -.44 4w
1‘ ® 16 .43 .30 ~.44 .34
: 17 -.43 .29 -.45 .34
18 -.43 .30 - -.45 .35,
1 19 -.43 .31 -.45 .36
20 -.42 .32 -.45 .37
< 21 -.43 .34 -.45 .38
k| 22 -.43 .33 -.45 .38
: ’ 23 -. 44 .34 -.45 .39
24 -.43 .36 -.45 .39
- 25 -.43 .35 -.45 .40
i A
: 1
{
i -
{
% &
X .
i
; ' i
]
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L iodel 3 Model 4
oW r W T '
) 2 .23 -.13 -4.6 -3.9
3 -.22 -.12 -4.6 -3.9
4 -.22 -.12 '-4.6 -3.9
5 -.24; -.14 -4.5 -3.9 N
6 -.24 -.14 -4.5 -3.9
. vi -.23 -.13. ~-4.5 -3.8 .
8 -.23} -.13 -4.5 -3.8
9 -23 & -.13 -4.5 _ .-3.8 ’
< 10 -.23 .13 -4.5 -3.B |
11 .23 -.12 -4.5 -3.8
12 -.23 .12 -4.5 -3.8 .
13 .23 -.12 -4.4 3.8 -
14 L =220 -.12 -4.4 ' =3.8 s
15 -.22 -.12 ~4.4 -3.8 )
16 T =L22 -.12 -4.4 -3.8 L
17 T.l22 -.12 -4.4 -3.8 .
18 -.22 -.12 -4.4 -3.7 E
19 -.23 -.12 -4.4 -3,7 .
. 20 -.23 -.12 -4.4 -3.7
' 21 -.23 -.12 -4.4 , 3.7,
22 -.23 -.12 -4.4 3.7
23 . -23 .12 -4.4 -3.7 .
24 -.23 =12 -4.4 -3.6 :
" 25 =23 -2 -4.4 “3.6 " S
.
{ - .
*Notice that (w - 1) is negative throughout the sampl® period for -

all four models. i A

The effect of a one percent increase in P (holding P_.constant). ' .-
can be calculated from this table by subtracting the .value for
w (Z) given in the table from one (1).

’

”
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TABLE 5.13 TRANSLOG COST FUNCTION WITH DISAGGREGATED IMPORTS:'

EQUATION

- LABOUR

CAPITAL

U.S.
IMPORTS

LOG L

Model 1

Model 2

Rz, D.W. STATISTICS AND VALUE OF LOG OF- LIKELIHOOD FUNCTION

Model 1 Model 2 Model 3 Model 4
®  D.W.. R D.W. R D.W R D.W.
92, 1.7 .82 0.94 © .70 1.34 .89 .1.58
.93 2.4 '.81° 0.78 . .75  0.95 92 2.64
. " .
.58 2.01 '° .34 0.94 . .32 1.27 .54  2.08

» .. _..':'_,—"——' _________:_ ) -

" 304,989  ©  277.932 271.315 . 298.777
" ~ -

¢ - AP N A 'A'*':’"‘* b
is the unrestricted case. e _ )

.
[ . 1
4 R ] R -
B

is the case where the autocérrelation—coefficien% is set equ&l
to zero.. '

vy -

- -

.

"

v . ’

is the case where both the autocorrelation éoeffi;ient, and the .
technical progress coefficients, are set equal td zero.

s

is the case where the technical progress coefficignts are set
equal to zero. .

. .
v - 4
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TABLE 5.15 PARAMETER ESTIMATES - THE DISAGGREGATED IMPORTS CASE ¢

(MODEL 1)
o 0.58 B -0.029
L (0.005) W (0.069) -~
* 5
o 0.25 Y, -0.008
' {0.006) ~ (0.001)

o 0.12 Yo 0.005

(0.007) (0.001)
B 0.18 Y 0.001 b
LL : (0.021) N " © {0.001)
BLK -0.14 P 0.78

(0.013) : (0.061)
B -0.003 ’
- (0.G21)
B " 0.13 "f
KK © (0.016) ’ , WL
BKN 0.62%

(0.018)

* Standard errors in brackets. ‘
Here "N" refers to imports from the U.S. All other parameger
estimates can be calculated using the restrictions.of the parameters.
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CHAPTER VI

ADJUSTMENT IN THE PRODdéTION SECTOR

’

1. 'INTRODUCTION - . ' .
In this chapter I examine how the production sector |
adjusts following a change in the price of imports. I use
i ,

an ecqpometric model that allows the production sector’ to -

adjust slowly towards the ldngvrun eduilibrium. Because

the model allows slows adjustment, it is possible to. distin-

guish between short-run ahdvlong-rﬁn effects of trade
policies. Many 'recent theoretical studies (including
Chapter VII of this thesis) have drawn'sharp distincti%ps
betwéen the short-term égd long—teFm effepﬁs of traae s

policies; and while the econometric model used hére does

not permit the rich variety of results th%t can be found in -

the theoretical gstudies, it does provide some empirical

distinction between long-run and short-run effects.

.
The econometric model used in' this chapter is based on
the assumption that whenever the price of imp;orts changes,
firms.move aloné;in adjustment patﬁ from one long-run
equilibrium to'éggthér. Thus the data used in empiricgl
work m;y reflect'points glong the adjust;ent path, and not
~loﬁgfrun equilibrium points. It is-an extremely complex

problem to specify the adjustﬁeht path directly1

, ‘and*so I
specify the adjustment path indirectly @sing the "planning

3
-
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price" gsﬁroach introduced by Woodland (1977). I assume

that firms maximize profits subject to a planning price of
imports, and I specify an adjustment path along which the
planning price eventually converges to the actual price of
imports. As the planning price adjusts to the actual price,
the production sector moves along an adjustment path towardg

the long-run equilibrium.
L J

- The results of this chapter suggest that the assump-
tion of instantaneous adjustment - maintained in Chapters
IV and V - is incorrect: and furthermore, that the use of
that assumptioniiéads to‘an underestimation of the own price
elaéticiﬁy of demand for imports. On the other hand, the
resplts of this chapter indicate that tariffs lower the

wage, rate and raise the rental rate, which confirms the

results of.Chapter V.

This chapter is orgénized as follows: 1In section two

I outline the econometric model. In section.three I briefly

discuss the method of estimation. Finally, in section four

I present and discuss the empirical results.

’

2. 'THE MODEL,

The model used here is the same.as the model used in
Chapéers v and V, with one modification. Rather than ‘-
assuming that firms base their production plans on the

agtual or clrrent price of imports, I assume here that firms

-




base their plans on a planning price of importsl The tech-
nology of the production sector can be represented by a

restricted profit fanction

n(P P*,K L) = MAX PYY - PMM Y

i F(KILIM)
{Y M} K < R
L <L (1)

3 where Pﬁ is the planning price of imports,‘and

PY’ K, L, ¥, M are as defined before.

The use of the pl@nnlng price of 1mports can be Justl-
fied by assuming that $hen the actual price of imports

changes, firms are uncertain whether this change is per-

manent, or whether there will be f£ er changes in the
price of imports. Sinpe firms incur ts in adjusting
[ 4

their productién plans/, it may be inefficient for firms to .
adjust fully, to the c renf change inithe price of imports,
- only to find that they must again undertake adjustment when
the price of imports anges agf:u'.n.'2 Furthermore, Qf the ,
c;st of adjustment ripes as the speed of adjustment rises,
it may bé efficient adjust slowly to any change in the
current price of impqgrts, even if no further changes in the
price of imports are expected. Accordingly, I aéspme that

at every time, t, firms use current and past prices of

imports to calculate |a planning price of imgorts} where the

planning price eventually converges to the current (actual)

price, and that f£i optimize with respect to this planning

T e———————— T eSO, T TR T SIS -+
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price.

Y

The use of the planning price can also be interpreted
in the following manner3: When the priéé of imports changes,
the economy moves along. the transformation frontier to the

new optimum point. In Figure 6.1, the production sector

LS
" \=F(&,L,M)
& 7 |
> . ,
- ,
. "
FIGURE 6.1 , ‘

moves - from point A, when the price of imports is PMl' to

the point B, when the price of imports changes to P This -

M2°
adjustment is not instantaneous, however, and along the way
the economy will produce at (for example) the points C, D,
E,.... If we draw lines tangent to the fransformation

A
frontier at each of these points, these lines-can be inter-

preted as planning prices of imports. Thus, during the.

1

.
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adjustment process, the economy is optimizing with respect
to the eber—changing planning price of imports, until the
economy finally reaches the long-run equilibrium at point B.

This interpretation suggests that, as an alternative

to specifyﬁng a planning price for imports, I couidvspecify
a quantity adjustment path‘for output. The problem with
using a quantity adjustment path is that a number of res-
trictions must be imposed on this path to ensure that the
economy is always on the transformation frontier, and these
restrictions are quite complex when the producfion sector

is represented by ; flexible functional form. By using the
planning>price approach, on the other hand, I ensure that
tﬁe economy is always on the transformation frontier without

having to impose any complex restrictions in the estimation’

The Planning Price

A
The planning price of imports at time t is calculated

using the formula

p* P

- * - - * *
Mt~ PM,e-1 = APy e T Pye-1) (2)

where A is the adjustment parameter.4 The planning price
converges to the actual price if A lies between d and 2.5

When A = 1, the planning price at time t equals the actual
price at time t. Thus it is possible to tés£ the hypothgsis:J

that the economy adjusts to the new long-run equilibrium

Al

ENRYCY S
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immediately by testing the hypothesis that A = 1.

3. ESTIMATION ‘

. I assume that the linear homogeneous Translog res-
tricted profit function provides an exact representation
of the technology. I estimate the parameters of the func-

tion by estimating the share equations. The two share

equations used in the estimation are

v, = $dnr_ a, + Z ln(PY ) + B ln(é) + vy t

Y T §InP, T %y T vy VPR YL R T Yy

o = 3BT _ 4 g zn(—;-PY) brom® o+t (3)
L - SEnL L TRt RE LR T YL

-

The dependent variable Vy is the share of output in
restxicted profits, t
‘PYY

V, = e .
Y PYY-?P’&M

VY is an unobserved variable, A time-series of observétions

on this variabde must be generated by first generating a
timg-series of observations on Pﬁ.‘ To do this, I assume
that the planning pric$ in 1948 (which is now treated as
the year before the first year of the sample period) is
equal to the actual price in tbét year. I thén éenerafé a
time-series of observations on Pﬁ and VY for the years
1949-1972.Ey specifying a particular value for A, A € (0,2).

I estimate the two share equations using these time-series.'
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.

of VY and Pﬁ. I repeat this procedure for various valueg

of A\, X £ (0,2), and I choose the‘value of A for which the \;
log of the Likelihood function attains its highest vélue.ﬁ (I used
this procedure twice, first assuming non-zero autocorrela-

tion of the error terms and then assuming zero autocorre-

lation., I report‘the results for the case where zero auto-

correlation is imposed. See the discussion in section 4

below.)
4. RESULTS
The results are presented in eight tables at the end

of the chapter.

Calculating the Value of A

The values of the log of the Likelihood function (L)
for various values of'k, A‘e (0,2), are given in Table 6.1.
The value of L rises steadily until A = .4, and thereafter
the value of 'L falls steadily. This steady rise and fall
of L suggests that L attains its maximum value somewheré in
the interval A € (.3, .5). A search over this interval

feveals that L attains its maximum value when A = 0.44.

The value of the planning price calculated using this

value of A is given in Table 6.2. The value of the planning

-

price is quite close to, but'alwayS'lower than, the actual’

price in every year of the samplé. Since ;hé planning price'

R
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~a one percent increase in P

approach is an indirect method of mbdelling'the adjustment
of the economy, the fact that the planning price is not
equal to the actual price reflects the fact that the econoﬁy

is ‘somewhere along the adjustment path. .

Parameter Estimates and D.W. Statistics

The parameter estimates, along with the D.W. statistic

for the two estimated equations., are given in Tahle 6.3.

The estimated function satisfies the . regularity condi-

Cd
-

tions over the entire sample period. :
¢

The Adjustmeﬁt of the Planning Price

Starting from a long-run e&uilibrium, where PM = Pﬁ = 1,

y Causes a 0.44 percent increase

in Pﬁ in the first year. (See Table 6.4.) 'After four years,

the adjustment of Pﬁ to Py, is 90 pércent complete.

IThe null hypothesis that the planqing price adjusts
fully within the observation period to any change in the
actualiprice of imports can be tested using the Likelihood
Ratio test. The maintained hypothesis is that A = 0.44,
while the null hypothesis is that A = 1. The.value of the

. log of the Likelihood function (L) under the maintained

hypothesis is 161.8, while the value of L under the null
hypothesis is 147.7. Thus the value of the test statistic

is 28.2. The critical value of x2 with one degree of

. .
' N .
Q - . L4 -
. ¢
a

P 5 T T T ..




. supported by the long—run,resuits in this chapter.

1Y

freedom is 9.21. Thus the null hypothesis of immediate

-
H

adjustment is rejected. - .

ifﬁe,rejection of the null hypothesié suggesés that the
ééonometrié models used‘in Chépters‘IQ and V are misspeci-. -
fied, since in those models it was assumed that the\produc—
tion sector adjusted fully within tﬁe observation period to
any change in the price of imports.. Despite this, howeyer,

we shall see that the factoral income distribution results

. N . : ,
of Chapter V, which are essentially long-run results, are

.

¢

Elasticities

Point estimates of the various elasticities are given in

[

Tables 6.5 and 6.6. Note that all these elasticities are

calculated using the planning price of .imports. The values

14

of these elasticities are very similar to the valués of the

‘elasticities calculated from the Translog restricted profit

functlon (model 2) in Chapter V. One exception is the point
estimate of the own price (partial) elasticity of demand

In the earlier chapter E, , was estimated

-for impgrts,.EMM. MM‘

. . . " ’
to be -1.4 (see model two of the restricteéd profit function),
while in this chapter E,, = f2.4:6

MM .
.‘ . erae o
In Chapter V I noted that the point estimates of the

own price elasticity of demand for imports were sensjtive

to the specification of autdcorrelation: whenever non-zero

4 Boveda .
)
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-
-

autocorrelation Qas assumed the value of this elasticity
was quite low (much lgss than one), while when zero auto-
correlation was imposed, the value of the elasticity was
high (greater than one). Fﬁftﬁermore,-since I rejected the
null hypgthesis of zero autocorrelation, I concluded that
the wvalue of the elasticity‘Was in fact quite low. Using
the planniné price approagh; however, the inclusioh of non-
zéro autocorrelation coefficiéqts adds little to the ex-

planatory power of the mogél. In fact, thé null hypothesis

of zero autocorrelation cannot be rejected. This ‘result-

.
<

suggests that the presence of serial -¢orrelation in the

error terms in the models estimated in Chapter V may be due

‘h_to’the fact that those models are misspecified, and that
'~§he problem of serial correlation can best be dealt with by

.reépecifying those models to permit slow adjustmeﬁt. p

The Changes in Domestic Factor Prices

The effects of a change in the price of imports on the

.wage' and rental rates are presented in Tables 6.7 and 6.8. The

" * values of w and Q:thable657indicate~the effect of a one

2

percent increase in the planning price of imports\Bn the

wage and rental rates. These values of w and ¥ can be

intérpreted as measuring the long-run effects on wage and

rental rates of a one percenf increase in the actual price

of imports, since in the long run a one percent increase in

_the actual price causes a one percent increase in the -
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planning price. As ‘can be“seen in Table 6.7, the wage rate
falls and the rental raté‘f{ses, and this confirms the

(long-run) results of Ch&pte;\yc
, \

What are the short-run effects of a change in the
actual price imports? In the econometric model tused here
the sho;ﬁ-;un effects must be in the same direction as the
long-run effects. Thus the model.  used here rules out the
possibility, found in theoretical studies using the Ricardo-
Vingr nwﬂel (see Chapter VII), that the short-run chénge in
the price of a domestic factor could be reversed in the
long run. However, the mode1 used heréAdoes not rule out
anpther possibility faugd in the theoretical studies, tﬁat-
the price of some domestic factor .could fall (or rise) by a
greater amount in the shortArﬁn than in the long run. bjw

Using the estimated paraméter values, ‘and startin; frém
a long-run equilibrium at time t = 0'wherg Py, Pﬁ, K and L
are all set equal to 1, Ihhavé calculated the (cumulative)
changes ig the &age rate as the economy adjusts to the new
long-run equilibrium following a one percent increase in
the actual price ‘of importg.7 Tﬁe_results are éiven in

Table6.8 below. As can be seen from this table, the wage

rate falls steadily during the adjustment process, so that

the wage rate falls by a greater amount in the lohg run

than in the short run.

@
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The Welfare Gain From Tariff Reduction

The point estimate of EMM calculated here measures the
change in the demand for imports caused by a change in the
price of imports, after allowing‘outéut and domestic factor
prices to adjust to their new equilibrium values. Thus
this ®a1ue 6f EMM can Be used to calculate approximate
welfare gains from tariff reductions. If Canada removes

its tariff so that Py falls (and thus the terms of trade

improve) , the change in welfare is the increase in producer

surplus minus the loss of tariff revenue, - %(APM)(AQM)
(where AQM is the change in the gquantity of imports). Ex-

pressed as a percentage of GNP, the welfare gain is

1 502 . .
-3 VM.EMM(PM) . Assuming the removal of tariffs causes a

ten percent fall in the price of‘importsa, and assuming VM

is equal to twenty percent, the welfare gain is 0.5@ percent
of GNP. If Canada's trading partners now reduce their
tariffs on Canada's exports, so that Canada's production
sectoxr enjoys a further improvement in the terms of trade

(represented by a further fall in PM)' there is an addi-

»

tional gain of producer surplus equal to -QM.(APMT— %(AQM)(APM).

Expressed as a percentage of GNP. this gain in producer

gurplus is -V,.P. - % VM.EMM.(ﬁM)Z. " Assuming the fall in
'PM is (for example) ten percent, the additional gain for

Canada is 2.24 percent of GNP,

.
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5. CONCLUSION

The planning price #pproach allows us to examine how
the production sector aajﬁsts following a changé in the
price of impo;ts. The null hypothesis that tge economy
adjusts immediately to any change in the price of imports
is rejected. fbus the econémetrig models used in Chapter;
IV and V are misspecified insofar as those.models assume
full adjustment within the current observation person. But
despite this, the long-run factoral income distribution
results calculated in thése earligr chapteré are confirmed
by the long-run distribution results calculated in this
‘chapter: "higher import'pfices harm labour owners and bene-

fit capital owners.

The assumption of instantaneousxadjustment leads to'an
qnderestimation of the size of the own price elasticity of
demand for imports (EMM). This in turn can cause an under-
estimation of the weffare gains (costs) of lower (higher)

tariffs, since E igs used in the calculation of these

MM
welfare changes. Using the value of EMM estimated here, I

find that Canada would enjoy a welfare gain equal to three
percent of GNP if all tariffs on Canada's imports and ex-

ports were removed.

]
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FOOTNOTES - CHAPTER VI

See Nadiri and Rosen (1969, 1973) for discussion of
the complexity of this problem. The problem is also
discussed in ‘Woodland (1977). ‘

Wogdland (1977) gives this rationale for using

L3 . o

This interpretation is also given in Woodland (1977).

.

This is an ad hoc specification of the process‘ﬁy which

the planning price is calculated. This specification
" ’ é
is used in Woodland (1977).

)

See Woodland (1977).

In this chaptgr, EMM Jeasures the'dhangé in.the demand
for imports caused by a one percenf change in the

planning price of imports. This canhbe igterpreted'as
the long—;un effect of a change in the actﬁal pribe*of
imports, since in the long run the plannihé‘price con-

verges to the actual price.

-
k4

This calculation is made in the followipg manner: v

The expression .

”~

can be rewritten
x

Y




Ja

By + 6 (1-Vy) . ,
-ez L )ps (4)

~ LM
w =]

3 .

. (where 6, and V, both depend on Pj). .

M

When P, rises by one percent, P} will Begin to adjust
as described in Table 1. %ut'substiguting the values
for i;ﬁ into the expression’(4) the cumulative:-values
for w during thg'aajustment process are derived.

- ..

_Burgess (1982) argues that an'eliminétion of all of
‘é;nada's trade barriers wbu}d reduce import prices by
15 perceﬁt. ' ST : . s
The éerms of trade are PY/PMf An improvement in the
terms of trade‘can be represented‘eithgr,by‘an increase
in Py, holding P, constant, or by a Fall in P, holding .
'PY c9nstant. ' . ! A . -

y = 4 . B

~—
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. TABLE 6.2 COMPARISON OF THE PLANNING PRICE AND THE ACTUAL PRICE SN

.

OF IMPORTS - : . :

’ .. ' * ) u
, . P ' " :
19049 .833 .842 :

.864 ©.904 ‘
934 " 1.024 . . :
-926 914 \ -
' - -916 .905 ) ,
© o .910 ) .902 ;
915~ .922 o
A .930 : .948 .
947 .969 - .
© .960 ' .976 -
. -862 N ‘ .964 L
T 967 .976 : S 8
1961 .982 . 1.000 :
1.012 ' . 1.050
~ 1.033 q - 1.060
- 1.048 quf'\ 1.066
"\ 4 1.052 | 1.057
. - T 1.055 \,-\ 1.059 . .o
' 1.059 1.064 ’
. 1.070 1.085
. 1.087 . 1.109 ' P
1.106 1.129
1.123- 1.145 .
1972 1.147. ' . 1,178
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TABLE 6.3 RANAMETER ESTIMATES - THE MODEL WITH THE PLANN&NG PRICE

OF IMPORTS
o . ‘ 1.17
¥ (.003)
13 .231
b (.047)
B .182
YL (.025)
¢ .675
L - .(.005)
T .048
LL (.041)
Yy . .0066
J (.0014)
: /
¥y - .0027
(.002)

D.W. (Output Share) = 1.97

D.W. {Labour Share) = 1.26

Log L = 161.83

128
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TABLE 6.4 ADJUSTMENT OF THE PLANNING PRICE OF IMPORTS

s

*
PM

1
1.00440
1.00686
1.00824
1.00902
1.00945"
1.00969
1.00983
, 1.00990
. 1.00995
1.00997
1.00998
1.00999 --
1.01000
T 1.01000 y .»
1.0000 .
.1.81@00 )
1.01000°
1.01000

| i
l—‘z'u

L]
O0DO0O00DO00D000O0O00OOOODOOO OO
HEP P RRHERERBERRRBHRBRP PP S

.

1.01000
1.01000
1.01000

. 1.01000

- . 1.01000

v
o R b e b e R e R e e
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TABLE 6.5 POINT ESTIMATES OF ELASTICITIES o

E ' Tyn , Her Hyx Nk Ay, Ixa o F
2 1.98018 1.23165 .561100 -1.66541 2.40681 .789360
. 3 2.01206 1.23267 .559061 =-1.74022 2.44596 .789345
- 4  1.95244 1.22749  .550854 -1.67223 2.35346 .786578
5 1.92120 1.22359  .541696 -1.66297 2.29915 .. 783874
6 1.92713  1.22311  .538349 -1.69461 2.30227 .783169
7 1.98980 1.22573  .536178 ~1.83657 2.38046 .783691
8 2.00478 1.22587 .533820 -1.88201 2.39639 .783361
9 1.96493  1.22303 .529704 -~1.82420  2.33936 .781720
10  2.00983 1.22481 ,528214 -1.92725 2.39488 .782090
11 2.08885 1.22789 .526733 =~2,10219 2.49380 .782892

12 2.06077 1.22593  .523272 - -2.06561 2.45287 .781667 )
13 2.08505 1.22637 .520704 =~2.13365 2.47998 .781397
; 14 2.13093 1.22804 .520062 ~2.23525 2.53719 .781866
i 15  2.11517 1.22755 ,520619 -2.19810 2.51806 .781791
5‘ 16 2.10991 1.22727 .520288 -2.18915 2.51090 .781641
o ! 17 2.06477 1.22498 = .518217 ~2.10664 2.45073 .780503
o o 18  2.00901 1.22125 .511868 =~2.02688 2.37193  .778068
B3 ’ 19 1.95983. 1.21723 .502851 ~1.97417 2.29955 .774923
f - 20 1.95345 1.21569 .496210 -1.99961  2.28422 .773099
4 21 1.95623 1.21475  .490313 -2.04102 2.28131 .771630
' 22 1.92045 1.21211  .484735 ~1.99222 2.23176 .769430
23 1.90364 1.21013 .477654 ~1.99422 2.20452 .767181
24 1.88126 1.20818 _ .472282 ~-1.97232 2.17255 .765214
‘ 25 .1.85198 1.20582 .466509 -1.93504 2.13233 .762908
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TABLE 6.6 THE OWN PRICE (PARTIAL) ELASTICITY OF DEMAND FOR IMPORTS*

Eyg s
2 -2.37052
3 -2.39792
4 -2.34690
5 -2.32057
6 -2.32555 - -
i ' 7 -2.37876 ‘
' . 8 -2.39164
9 -2.35751 .
10 -2.39600
11 -2.46489
] 12 -2.44025
- : 13 -2.46154
& 14 -2.50211 .
) - 15 -2.48813 -
' - 16 -2.48348 '
17 « =2.44375
18 -2.39528 - N
19 -2.35317 ,
20 -2.34776
i 21 -2.35012
22 -2.31994
23 . =2.30591
24 -2.28737 ’
25 -2.26338

*with respect to planning price
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TABLE 6.7

‘23 --

THE EFFECT ON WAGE AND RENTAL.RATES OF A ONE PERCENT
INCREASE IN THE PLANNING PRICE OF IMPORTS

w ’ r .
-.474442 ’ .328294 ..
-.469067 .333726 © 77
-.475485 . .337853
- .477946 o .345696
-.475981 ' .350351
-.465328 : .359011
-.462430 .363169
-.467389 e T 1+364464,
-.460145 .370296 -
-.448941 ' .378443 s
-.451682 ) .380371
-.447810 .385273
-.441944 ‘ = . .389350
-.444000 T .387582
-.444560 Lo .387594
-.449823 oY .386666 .
-.456057 - .389714 e
-.461529 g .396225
-.461079 - . - - .403628_
~.459344. v .410962
-.464258 - ~.414429
-.465849 T~ - .421410
-.468989 - . - .425767
-,473686 ‘ .429859
. L4
{
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TABLE-G.é THE CQUMULATIVE PERCENT CHANGE IN THE WAGE RATE FOLLOWING

~

POINTS ALONG THE ADJUSTMENT PATH

~
w t

-.192881
-.300627
-.360882
~.394599"
-.413472

-.424038 N
-.429955
-.433268
= .435123
: -.436162
. -.436743
~.437069
-.437252
-.437354
-.437411
-.437443
~-.437461
-.437471-
-.437477
-:437480

-.437482 ‘

| ~.437483 _
- ~.437483
-.437483
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.. A ONE PERCENT INCREASE IN THE ACTUAL PRICE OF IMPORTS: .
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CHAPTER VII
FURTHER THEORETICAL RESULTS: AN EXAMINATION
OF THE SHORT-RUN EFFECTS OF TARIFFS

USING THE RICARDO-VINER MODEL

1. INTRODUCTION

In recent years, the Ricardo-Viner model ﬁas been used
as a framework for examining the short-run effects of import
tariffs on domestic wage and rental rates. - In the s1mplest

version of this modeiﬂthe production side’ of the economy

-consists of two sectors, each of which produces a final

demand good using a mobile factor (say, labour) and a factor

specific to each sector (say, capital)..l One of the final
goods is treated as a perfect substitute-for imports, and

so (higher) -import tariffs cause an ‘increase in the price
et the import-competing final good. This is turn causes a
cﬁaege in tﬁe prices of the factcrs of production. The
price of the'mobile factor (the wage rate) rises, but the
proport10nal increase in the wage rate is less than the pro-

portional increase in the price of the protected final

- good.. Thus 1t is not clear whether the tariff makes labour

. owners better or worge off 1n the short run. On the other

hand, there is no nncertainty regarding the effectsof the
tariff on the welfare of'the owners of the specific factors.

The price of the specific factor in the protected sector

rises by a greater proportional amount than the price of

134 .

- e’



135

the protected  findl good, and so owners of this factor bene-
fit from the tariff. The price of the other specific'factor
-falls, and so the tariff makes the owners of this factor

worse off in the short run.

A comparison of these results with the familiar Stolper-
Samuelson results reveals that~£here are some interesting
differences between the short-run and long-run changes in
domestic factor prices caused by import tariffs. For the
mobile factor the long-run price change may eituer igverse
:tue short-run price chanée, so that ultimately the wage
rate actually falls, or engance the short-run price change,

so that ultimately ‘the pioportional increase in the wage
rate excéeds the proportional increase in the price of the
protected final good. Thus the short-run and long-run

interests of labour owners may conflict with one another.

On the other hand, the owners of one of the séecific

factors - which épecific factor it is depends upon techno-
logical conditionu - unambiguously face a conflict between
long-run and short-run interests, while the owners of uhe

other specific factor face no such conffict.

In a recent paper, Burgess (1980) modifaed the simple
Rlcardo-Vzner model by 1ntfoduc1ng inter-industry flows,
and he showed that the results of the’ simple model did not

necessarily hold.. He. found, for example, that it was quite

possible that import tariffs unambiguously bcﬂgtited the

s

,,
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~

owners of the‘mébile factor in the short run. Furthermore,
Burgess' dnalysis indicates that when the Ricardo-Viner
model is modified to include inter-industry flows, the
potential ‘for conflict between the long-run and short-run
interests of domestic factor owners is more varied than that
folind using the simple Ricardo-Viner model. For example,

it is quite poséfble that the owners of all (three) domestic

factors face no conflict between short-run and long-run
- -

?

interests.

. In this cﬁapter I introducé imported intermediate goods
int-o the Ricardo-Viner model, and I use this framework -to
analyse £he shorf-run changes in wage and rental rates that
oécuf when tariffs hre.imposed on imported intermediate

“

goods. One major aim of thié'analysis is to highlight the
importance of the elasticities of substituﬁisn between im-
ported and domestic inputs in.determining how waée.and
rentallpates changg in the short run. . These élastiqities
played a crugial'réle in the theoretical and empirical
analysis of the earlier chapters; in this chapter I find
that knowledge‘of the relative bizss of these elasticities

is often sufficient to determine how factor prices are

~
affected in the sh6rt run.

I also use a diagrammatic technique to show the poten-

-

tial for conflict between the long-run and short-run

interests of the owners of domestic factors. A large variety

P
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of results are possible, depending upon techndlogical con-
ditions. For example, taéiffs on imported int;rmediate
héoods‘may not cause any conflict$: it is also possible that
there is a conflict betwéen the logg—run and short-run
interests of the ownhers. of all the doﬁestic factors. This
diagfémmatic technique is also useful for illustrating the
changes in dogestiq-factor prices‘causgd by tariffs on iﬁ-

ported final goods.

This chapter is 3iganized as follows: In section two
I outline the basie framework for the anaiysis. In sections
three, four and five I discuss and compare the long-run and
short-run changes in.dgmestic factor prices caused by
tariffs on imported intermediate goods. Finally, in section

six I examine the role of the elasticities of substitution

between imported"éﬁavacmestic'inputs in determining how
tariffs on imported final goods-affect domestic factor

. s

prices in the short run. .

2.  ANALYTICAL FRAMEWORK
The production side of the economy is divided into two
sectors, and in each sector on; final c:')utput is produced by
a %az‘@é"mimber of profit mﬁximizing firms operating in com-
petitive conditions. Three factors of production are used

in the production of each of the final outputs. The factors

of production are the domestic factors, capital (K) and

Gl b, PR
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9

labbur (L), and an imported input (M). The quantities of
capital ghd.of labour are fixed in supply for thé;economy,
and these domgstic factors are always fully employed. The
price of thghimported input (PM) is exogenous, and the
prices of the two £fhal goods (Pi, i=1,2) are exoéenou#.

- The economy faces no restriction on the quant&ty of the
imported input that can be purchased. The two final out-

puts.are X, and X,, and the production function for.each

vutput is:

i .
Xi = F (Ki’ Li’ Mi)’ i f 1,2,

where F' is linear homogenous and strictly quasi-concave in

b the inputs.2

~

Pt ~

It is useful to:define for each éggtor a locus of wage
and rentai rates that the typical firm can.pay per unif éf
the domestic faptors, qiven.the prices'of the final outputs,
the price of tﬁé imported input, and the assumption of zero |
profits for all firms. Following Mussa (1979), these loci
are called isoprice curves (IC).' The IC of sector "i", ICi, T
(i = 1,2) is the dual oflghe réél (unitf value added func-

' tion of sector i (see Khang (1971)). rct iéystrictly convex

to the origin, and the>shape of Ici dependg upon the exten
to which capital and labour can,be substituted for one

another in the production &;/ ector i output. Figure 1

”_\i)graphs the IC of the two ;ectorsa.
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. The equlllbrlum wage and rental rates in this economy L
- depend upon !he mobility of the domestlc factors between Qi
_" . © e i - 3 ]
‘{ . the two sectors. The distinction between long run and short .
“ L :
. .run used in this chapter (and used throughout trade thgory) .
is based upon~differences in -the mobility of the domestic St
factors. 1 begln by examlnlng the long-run equlllbrlum. %_
= . . -
% - . . ._.i
‘;:; a - e

el ' 3. THE LONG-RUN EFFECTS OF A TARIFF ON IMPORTED: INPUTS

-

In thexlong run,’ capital and labour are perfectly mfglle
between ‘all firms 1n ari sectors. This assumptlon ensures . é

. that in equllibrium the same wage (rental) rate will be pazdk~ e

to all unxts of labour (capital) by a11 firms in both sectors. .
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The 1ohg—run equilibrium‘can be found by selving the
problem-of maxim%’ing value added given the prices of the

outputsland of the imported input and given the fixed supplies

A

of the domestic factors.4 It is convenlent to‘work with the

-~

dual of thls problem. The dual problem 1s-:‘

. . . /
"MINIMIZE wL + rK: cl(w;$7i~{/> B, (i=1,2)"
. M —"i
(wrr,P ) /
M
K <
L

(3.1)

IA F
O o

‘whbre»él(w;r,PMS’is the minimﬁm*cost of producing a unit of

X, when the,input prices are w, r and Py- ’ ”"‘

RN ® ©

o s ‘l 14 s
~ The first ordér conditions for an interior minimum are

‘given by: . LT : ) '

. =~
‘v

-ty B .\\<‘ @)  /
- .cztw,r,r;p = F,. N A
‘ B |
x,ck + xzc: o't B o . o
1ci ZC§='=’R' ‘ o S @Sy
k %“ ' xizcl:im : n'; T o (3.6)
where C, = GC and‘similarly for Cftﬁcih

- N A
. °' '
qhia system of equations can be solved for the equilihrium ,

'Pﬁ, »

values of v, r, 1 xz, and M (anu fqr the. equdlgkrtum quan-

titiea of the factors euployed 1n each sectorl. .
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*. the imported input &h the prices of capital and labour
' (given fixed output prices), aré found by totally differen-.

tiating (3.2) and (3.3) (holding output prices fixed):

. / 1/\ 1;\: ‘1‘/\
N/ Bg T + 0. W= -eM'PM . (3.7)
.‘ 2 A 2 ~ 2 A

Bg T + 8p W= -8, P, ) ‘ '- ] (3.8)

where ei is the share ¢of capital in total cost ‘of pro-

~ducing X; (at the initial equilibrium},

el : r(Ki/Xi) - I'Cr . ' L . ’/:
K~ P, 1 ! ’
i C

(and similarly for P I s

‘and where £ = if (and 51m11ar1y for w, B )

\ ¢ -

L2

By 1nspection of (3 7) and (3.8) 1t»ls clear that while
w and r cannot both lncrease lowing an increase in PM!
lncrease 1n eitHer w or r is not ruled out ‘The solution to
(3.7) and (3.8) is: | '

-0

1 ;

M -~

1.f> L (3.9)
K

The long-run effects of a small change in the price of
R

an'’

IR 14
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“puts on the prices of the domestic factors depends only on
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W-r=—1————2—-r. PM ; o (_3.11)'
.« eL nd X

Thus the effect of an 'increase in the price of imported in-
. : Sl ' ‘

the initial cost shares of the three factors in beth sectors.5

Using (3.9) to (3.11) we can find the condjtions under which
~
the real wage (rental) rate rises, and the conditioqs under

which labour gains relative to capital, following an increase
’ ' L. /

in the price of the imported input: »

. N M
Real Wage Rate
1o 2 1,2 2,1y .
. w> 0 iff. (e - ) and (eL K eK) have the ,
same sign. Thls(gan.be rewritten as:
. - og ‘or . ex |
w> 0 iff -5 lies between i and — .
0 e 62
K L M
Y
- ‘ i
Real Rental Rate
A : ei 911<~ ell4
., I >0 iff — lies between — and —5 . =
' ) g BM' :

L

. f S
Factoral Income Distribution

If sector i has a larger capltal/labour ratio than

sector j (8 /9 > ej/ej), then whenever e > ej (6 OJ)
K K

labour galns relative to’ capital (capital gains .relative -

P —

to labour): (thelthat since w and ri (w‘and rj),cannot
both' rise, whenevet é;/ei >'e;/ej and e; > egb r.must

. fall, while whenever 01761 » e%/ej, and o} < e“, voust
fall.), . ' |

. . .
] ° . > ~
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Diagrammatic Illustration

The factoral income distribution result can be illus-
trated using the IC. The long-run equilibrium values of
the factor prices are given by the unique intersectior point

of the two IC (Eo in’Figure 2). The capital/labour ratios

'in equilibrium are given by the slope of the tangents to

each IC at this intersection point (by Shepherd's Lemma).

" Thus sector 2 has a higher capital/labour ratio than sector

I3

. 1,1 2,.2 ) . .
l{ that is, eK/eL < GK/GL. - :

UJ“

FIGURE 2 o)

‘Now consider an increasé in the price of the imported

input., The new IC for sector 1 lies everywhere inside the
1,

and similarly for the second sector. The amount by

e

[N

S e e e

s
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AN

which each. IC shifts in along the ray OEb (that is, at un-

changed w/r ratio) depends only on the share of imports in

the cost of a unit of output.6 .The new long-run'equilibrium

is at the intersection of the two new IC. Thus, if 9; > 6;,

IC2 shifts inward along OEo by a greater amount than ICl}
and the intersection of the two new IC must lie above the
" ray 0Eo° In this case, an increase in the price of imports

\\uﬂ\hedistributes income- in favour of labour. .This,result is
. \ . .

confirmed by (3.11) above.
. l

It is difficult to show diagrammatically the general . ,
conditions under which w or r increases following an in-
crease in' the price of the imported input. However, for

purposes of illustfatibn I consider, in Figure 3, ‘the simple

case where imports are used as an input in the second sector

o em e o Ay W ol < o g o et 4 i .

only. The initial equilibrium is at Eo.' An increase in’the

price of imports shifts ;Cz inwards, while 1ct is not

affected. 1In thg new equilibrium, at El' w has risen and r

has fallen. - ngs result is predicted by the algebra,/sipce¢
' cal,02 1,52 1,02 -

in this case 6 /6; > 0p/8g > 8y/8y |

Finally, it is interesting to interpret the eﬁéirical

results of the earlier chapters in the framework éf thxe

two sector model. we Have .seen that higher tariffs cause an

’ -

increase in the rental rate and a fall in the wage rate. in

Canada. Naw-suppoee we disaggregate the pregﬁctidn sector

A 3
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manufactdring and services sector, on the other. The former

is the more capitalf intensive sector: the latter buys most

Py

N of Canada's i rts. Thﬁé, using Figure 3, an incféase in

- the pfice of imports shifts fcl gfepresenting the manu- .

LSRN G e N

facturing and services sector) inwards, while ;Cz (repre-

PIRS'Y

RN Sl PRI

-

sénting the natural resources sector) is not affected (or

. L]

shifts.in only a small -amount). In the new equilibrium, the

rental rate has risen and the wagé rate has filken.t

. s
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4. THE SHORT-RUN EFPECTS OF A TARIFF ON IMBORTED INPUTS
In the short run ‘tabour is freely mobile between all

-~ 7 - ~

firms in boéﬂ éectﬁrs, while.capital is freely mobile bet-
ween‘all.ﬁi;ﬁs in alparticsiaf sector, but perféctly immopile
between .sectors. In eqhiiiﬁrinm all factors‘are fully em-
ployed: the same»wage‘faté is’'paid to all units of lébour

by all firms in both sectors: .and all firms in sector 1 (2)

pay the same rental rate to all units'of capital in sector

1 (2), but the rental rate can differ between_sectors.,

~ The short-run equilibrium in the production sector can- e
be derived by solving the (dual) problem: N ’
- | : .
MINIMIZE WL .+ r,K; + r,K,: C (w,r ,By) > P., (i=1,;2) "
(wrrllelPM) - L .
' L<LY -
i 3 K;< Ki’ (iél,Z) .
” - (4.1)

where Cl(w,ri,PM)'is th§~minimum’cost.of producing a ynit
” _ \ :

of X, when-the input prices are w, ;. and'PM, and where Ri

.is the fixed quantity oﬁ K in sector i.

, )

"“The first order conditions for an‘:interior minimum are -

given by: Y ‘ he i
l . ' - ' ) -
Cc (w,rl,PM) é‘Pl o (4.2)
c?w,r, ) = F, o L -3

Pl ’ - L ) -~
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1 2 _ 1 )
Xle f X2ka L (4.4)
X Cl =X . (4.5)
t l rl l )
2 _ =
: 1 2
- - X,C, +X,C, =M . , (4.7)
) ‘.» 1 PM 2 PM .

This system of equations can be?solved for the equili&rium
+ values of w, rl,“rz, xl, xz, and Mi-

L The short-run effects of é'small change in the pric; of

|« " the imported input on w,'ri}-and r, éré found,ﬁy totally

_ differeyfiating.(@.Z).to (4.6), holding gonstant the pfices
of the oﬁtputsf:the total supbly of 1aﬁou£, and the'quantity

of capital in each sector. The résults are:

ey ool ook s sty _\
X I RN _‘
1.’ +A ellcé [812.14‘. §&+ slzm IZ(L']}i‘wM (4.8)
) ‘ . . l
- b ogelededichosh sk
) | + 201020 ﬁ{s gu + saaséxj o )
% o | + 126; ;t-:sz SiL + sék]}p (4.9)

: ‘ o e , . - — %

o
i
g
4
: .
4
ki
2
Fad
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By = § 140 ei[s‘lm KLfsllm]
) + 2,080 12. xSty SIZJL—SIZ(L]
+ 2,870x02 (25, Sl:’EL + s 1t By (4,10
where Si is the Allen/Uzawa partial elasticity of

jh
substitution between factors j and h in sector i,

Ai“ L. /L ' i=1,2, and

r = 11,2 501 _ 1 1,
A= {X8;0g KIZSKL SiL 'Spk]

1 2 2 '

~ 4+ xzeK [2s - 81 sKKl}

-

> 0, since each unit cost functipn is linear homo-

geneous and concave in factor prices.

~

. . Thus. in the short run the effect of a change in the
- .3
" price of imports on the prices of the domestic factors de-
pends (in’'a coqplicated_manner) on initial ‘cost shares and ‘

on the;Va:iéuE/Bartial elhsticities of substitution between

7 ' " the inputs in each sector..‘rn order to gain sdﬁe under- -
. o standipg of these results T now shoj how the' short-run equili—
-fk\ brium can be found using the IC, and I use the IC to examine

the effects of a change in the priée of the imported input.

- .o @ . .
B . . . —— - - - . - .
- e . - - . . 3 .t - . . .-
.

, 7»"‘qu Diagrammatic Analyeis

« - - . N

Ry e T .

e Uging (4 5) and (4 5), (4.4) can be rewritten

K
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N ‘
‘Kl ;— + Kz ?— =L (4.11)
ry -,
Without loss of generality, set El = KZ =L =1. Now (4.11)
becomes l‘ - v .
&=, 1 (4.12)
1 2 .

Ky
where ki == -

(ki

The IC of the two sectors are drawn in Figuré 4, Short-

t

to all firms in both seéiors ~ where (4.12) is éatisfied.

1 (IC2) gives the

Recall that the slope of thq tangeﬂt to IC
capital~labour ratio for sector 1 (sector 2). Draw these
tangents at some common wage ratg, and let the tangents

intersect one another\at A, and let the, tangents intersect
the base line at B and c. Drop a perpex;xdiqular from A to

intersect the base line at some point D. Now the require-

ment (4,12) can be rewritten és:

1, 1 _ | o
DB DEC _ C ' "L
which implies DA®= BC S (4.14)

Thus the shért-run equiiibrium can be found (in Figure
4) by finding the unique 'w such that the triangle formed by

the tangents to the IC at this common wage rate, and the - -

~ 4

L]
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JFIGURE 4

<

base line, has the property that thé length of its base

L 2
equals its vertical height. ¥ImFigure 4, the short-run -

equilibrium is (E;,E,).

~

Now consider ‘the effect on domestic factor prices of a

change in the price of the imported input. It is useful to

~

divide the short-run adjustment of thececonomy into two

stages. In the first qtage,‘there is no movement of factors

between the two sectors. The capital/labour (K/L) ratio in

-
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B

‘the two sectors does not change, and w and r in each sector

adjust to ensure full employment of capital and labour in

each eector. During this stage the change in wi\and.ri in

sector i can be found by differentiating the equilibrium

conditions for sector i: ‘

¢ .
i ' s .
c (wi'rifpﬁ) =P, (4.15)
x,ct =% - ‘ (4.16)

ivw, i ' o

1 . ' ¢
- ; _ _ P

xicri = K; : (4.17)

hold;ag Pi’ Li and Ki fixed. The results are:

L3

~ 1 i i i J. YA

A _ 1 gl i _al 5 . |

r. = Ai‘{e [SKM LM + 51y SKL]} PM (f.l9)
~ /

Aoa 1 il iy s -

w-r, = Ai {eM[SLM SKM]} Py (4.20)

/ L] * ] .- [
_oaiiaai o Ad i
where Ai = GLGKIZSKL SLL SKK] > 0. )

Thus whether Wy (ri) increases or decreases during the

flrst stage of the adjustment process depends -on the relative

sizes of the Allen/Uzawa elasticities of snbstitution- and .

clearly i or r, (but not both] could rise. Furthermore,.

whether (wi - r ] is positive ar hegative depends only ‘on the ;

L4
[
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i i . : .
v§}ue of (SLM SKMI' \ ) ‘

~

%

" Figure 5 shows one possible change in Wi and ri after

the economy completes the first stage of the aé;ﬁéfment\

process. An increase’ in PM shifts both IC inward: ICl

shifts in more than\Icz,because of the assumption that

1 2
’ © B> By

. the unchanged Kl/L1 (K2/L2) ratio are w

The new wage and rental rates in sector 1 (2) at

G G ,F _F
1+ T3 Wy 4 1)

v e AT et 1A

[

e A e
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In the second stage of the short—run'adjustment process

labour moves in response to the difference in the wage rate
between the two sectors. This adjustment con;inues'qnéil a
common, wage rate exists in the two sectors. This common

wage rate cannot be wf:

wage rate the trianglé’formed has a base whic¢h exceeds its

vertlcal helght Thus in order to adjust the triangle to

._- '. .
if we draw tangents at this common

meet (2 14) we must move to a hlgher wage rate. A similar

reasoning indicates that the equilibrium cannot be above

y?. Thus the ‘short~run equilibrium wage rate must lie bet-

ween wG and wF This result holds whether wf % wg,

1. 2°
1l > 2

>
(Kl/Ll) - (K /L ) and whether 8y < Oy-

~

The Role of the Elasticities of Substitutlon ‘Between
'Imports and the Domestic Factors

- 8 ) :
One“aim pf this chapter is to examine the importance J3f

i

KM S
. ) . . *

in the price of” imported inputs on w, ri,,and factoral income -

S and s;M in determining the short-run effects.of changes-

d

distribution. In order to do this I consider, in turn, three

A i, i i i
different restr ‘gé?ns on’ SKM fnd SL¥: SKH = SLMiFSKM

. © e . e 4
"‘f‘d $m'4 SLM' S ,

24

> sm,

W Sy, = S%.n' i=1,2.

<

) K : .. . . 3
During the first stage of the short-run adjustment pro- ',

cess (when all factors are immobile Detween .sectors) Gl = Sflq
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[(see: (4.29)).
,is.unchanged alorg the ray OEl (OEZ).

v .

brium in sector 1 (sect®r 2) is at the point where the ray

OE,- (OE,)_cuts the new IC
1- Ve’ ’

In Figure 6, as IC

1

20 & .
(IC”) - point G (F) in Figure 6.
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1 (Iéz) shifts in; its slope

The (tempexary) equili-

>

S
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. !he short-run pquilibriun-lust be at a coqpen lagn rate

bmuathepoinucdr tmnfuhsnmmm

Mthermre, by Mon of uque 6, u e‘ > ef’,..’_‘f;i“
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: " . « ~
and r 3-0 > w. That is, if sector 1 uses more of the im- s

T e B
ported 1nput per unit of output than sector 2, then the price

! ) of the spec1f1c factor in sector 1 must fall whlle the price

| ' of the speclflc factor in sector 2 may rise or fall. "(These’
results are also pféved in Proposition.l in the'appendix to

»

this chapter.)

(ii) -s:. > st ., i=1,2 K .

KM LM’

7
-
.
Y Phar

In the first stage of the short-run adjustment process’

' .Gi - r1 < 0g i=1, 2 (see (4. 20)) .In Figure 6, as ICl (IC )

\ N - /\
. . shifts in, it becomes steeper along the ray OE1 (OE ), and

Y-SRy SY SRS VI S JE PN

the (temporary) equxllbrlum in sector 1 (sector 2) is at a '

1

point on the new IC (IC ) below the ray OE1 (OEZ) - for

example, point N (p01nt H) Note.that w .falls in both

. ~
%
Y \ ~ »
Al "

g . , sectors.

.
L PUC RV E RPN VAN
. .

.

°

b ik ftn ATt Wi b

The short-run equilibrium‘must be at some common w ,'

between N and'H.' Thus w falls in the short run. (See Pro; K

eosiiiiina
Sl i in

Q position 2 in the appendix. ) It is st;iking to compare the .
short-run and long-ruh changes in'w in é&is case. The.wage¢ ’ o

rite'nust fall {n the short run., Relative faktor shgrel -

.":" : play no part in deternining the direction of change of“w. e
g . the ‘lopg: run,.on the. Othﬁr;hamd. relative gactar shares _
% - ’alane agtgrnino the diroetion of change of w, aud it tc quite
R foosible that L ri-e- An g;qqlang run. o - .';% r” “




g

" the new IC

D e : 156

-éy ihspection of Figure 6 it is clear that both rental

rates may rise or fall in the .short run. Furthermoré,

j, LA e A—/\zA .
9y implies w - r, < 0 and w Xy 3 P. (See Propo;z

in the appendix.l

(1ii) Spy < Sps & = 1,2

A Q

In the first stage of the adjustment process Gi -r; > 0,

i=1, 2 (see (4. 20)) In Figure 6, as Ic' (Ic?) shifts in,

it, becomes flatter along the ray OE1 (OE ), and the (témpb-

“‘rary) equ;llbrlum in sector 1 (sector 2) is at a p01nt on

1 (IC ) above the ray OE1 (OE ) --for example,

polnt vV (pOLHt T) Note that w may rise in eithdr (or bdth)’

sectors.

The short-run equilibrium must be at some common w

"between V and T. Thus w may rise or £3l1°in the short run

(see Proposition 3) Under what conditiohs would w rise in

the short run? Clearly, 1f Wy . and w} both rise during the

first stage of the adjustment process- then w must rise in

\

the short run. Furthermore, either wi or'wj must rise during .

the first stage if w is to rise in the short run ij wi

-

rises and wa falls during the first ~stage, then w is mnre

l{kely to rise in the short run when en and are.large.

t

N . v .
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The Variety of Short-Run Eqpilibria and-Conflicts
4 Between Short Run and Long Run

In Figure 7 and Table 7.1 I resenteﬁhe»varieti of

short-run changes in w and r that \are poséible'(in the case

1

where Oy = 0). The initial long-ruj equilibrium is-at Eo'

A rise in the price of imports'shift 1c? inwards (while 1ct
>

is unaffected). The new long-run equjilibrium is at El' Thus

in the long run w rises and r falls. | The short-run equili- -
brium will be at points like (A ,A)), (B),B,), (C.E ). .  * _
(Dl,Dz) or (Fl,Fz), depending uéon the cost share of imports Lo
in the production of sector 2 output, and upon the Allen/ o

- Uzawa elasticities of subetitutiop between the inputs in the

} . 'production process. Table'7.i lists the changeé in w, ry,

and r, that take place when the short-run-equilibrium is at. -

any of .these points. ' ) - e :

(4 .a '

’

PSP
.

.3 Two of these equilibtia deserve some.comment. First, ' '$

if the short-run equilibrium is at the point (Al,A2) then in

the short run w‘< 0 and ni,ré > 0. All domestic factor

Ao Ny A A,
.

3 ~ . " .. "owners face a eonflict between short-run and long-run :
: » - g : 4 ;
S ‘ intereBtE.‘ A necessary (but not sufficient) conditidnofor' , . i,
o ' ' . . 2 2 8

| ‘ shprt-ruq equilibrium at (AI,AZQ is’,SKn SLM
R S = ' ’

SQCOde if the shorthrun equilibrium is-at (Fl,FZ) then

w rises more in ‘the phort run ‘than’ in the long run - and thus i

. »
e’ ’ 4

8 . w must.fall during the transition frem short-rusi  to lqng-rup *

"i . equilibrium,'while r; - and r, fall nafé in the short run than N B

- . . . -
4 PR . ' - ' :
- . . - . - - - 4 . ’ . - K
. , . . . s L . . \ .
o . P *
’ . . . . - ' . .. . . . . . ot
. . Coae N o ‘ M N .
- ’ L . - . . ' . . " . . . s
., . . T L - . . B . B 4
.t -, A . N S . . i . b
.- . T e N - g Wt L e “ .
. . N A .. . K . . . Lo
R L NN T . n .
. . ¥ . . ,
; 3 K
- . h ! . I
. . .
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in the long ran. (w falls and both r, increase because both

-

. séctors beceme ‘more 1a§pur 1ntensive as the economy'moves :

from (Fl,P ) to E sﬁvce W rises in the short run, a

1°
-
necessary (but not suffic ent) cOndition for short-run equili-
,'2 '

s

- brlum at (rl,le is an

.
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; . TABLE 7.). THE VARIETY OF SHORT RUN EQUILIBRIA AND CONFLIC)S
BETWEEN SHORT RUN AND LONG; RUN: THE CASE OF A
'JI‘ARIFF ON INTERMEDIATE GOODS . -
; -
Short-Run Change .  Relative Rewaxds Factors With ' :
; in Factor Prices of Ki- in the Short Conflicts
: Run "Equilibrium Between Long z
) .. Run and Short '
) Run
~ ~ ~ ’ . LY
> > > 4 ‘
(Al,Az) rl O,r2 0,w<o : rl r2 L, Kl, K2
. [ ]
~ > ”~ < ~ > . ) .
(Bl’BZ) ‘ rl— 0,1:2 0,w<0 rl r2 Ll, Kl .
o - N
. A & P A .
. . =0. < > N .
- ‘ (CZ'Eo) rl, O,r2 0,w=0 r, r, NONE
N ’ A ~ -~ . : '
< <0, w> > ‘
. (Dl’Dz) 5, O,r2 0,w>0 r, r2 NONE ;
— . ¢ :
. - ie
~ A ~ 5‘
< <0,w> < H
(FI'FZ) . r1 o,r2 0,w>0 | rl r2 » NONE ;
LY
- ’ \\ )
’ i
¥ ¢ - 4
) . ) ) ) 5
" . - :
€. ;
. . ' ‘
. - . -
r . “a ’k -
3 . » - t
" \ §
. . e
. . - s
) "(- {
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5. FROM THE SHORT RUN TO THE LONG RUN o >
In this section I outline how factor prices change as
the ecegpmy adjusts from a short-run to a long-run equili-

Brium. The edjustment occurs as capital migrates from the

sector-wﬁere; in the short ruh, the rental rate is relatively
low into the sector where the rental rate is relatively high,‘
This causes continuous adjustment of the output of each
sector, of the quantity of labour eqployed iﬂ each’seétor,

gf the doﬁestic factor prices, and so on, until the econemY'

L/// is once agaln in a 1ong—run equlllbrlum, where the same renfal

rate 13 pald to all unlts of capltal in both sectors.

Initially, the economy is in some 1ong-run equllabrlum,
as descrlbed by equat;ons (3.2) to (3 6). This Eong-run
equlllbrlum determines some initial distribution of capital
between ehe fwo seEtégs. An increaee in the price of the
‘lmported lnput moves thececOnomy towards some short-run
'equlllbr;um, as descrlbed by equations (4 2) to (4.7), given

¢ -the initial distribution of capital. Once the economy

_arrives at this short-run. equilibrium, the ‘long-run adjust-

ment begins, as capital is attracted from the low rental to

‘the high rental industry. : S B “

2
To find the-effécg on domestic factor prtges'as capital

‘moves from, say, sector 2 into sector 1 (thie pcéurs whenever,
% . - ' )
in short-run equilibrium) totally differentiats (4.2)

»

r,<n




161

through (4.7), holding Rl’ Pz, P., and L fixed, and setting

dK1 = -dKz, and solve for .
dw=-:-L-){—eI]ie—§ [k,=k.1} aK (5.1)
A klk2 L "2 71 1 . 2 s
.8
r, = - [=F] w ' (5¢2)
1 oL ‘ . :
K ’ ‘
A 812‘ A~ a - "‘ . N )
r, =~ [5]lw ’ (5.3)
2 2 »
GK .
) _— . , (R
Thus wages increase during the adjustment iff- capi ]

-

moving into the sector with Tower capital/iabour ratio,
.(Noteathgt duriq§ the édjustment, Qqqes move in the opposite
direction to both rental rates.) ) :
- . - ; A
Thié adjustment bri;gs the economyltékafds a long-run

equilibrium whenever .

i )
dr2 - dr1 >0

‘ s

(i.e., either r, is rising faster than Iy, or r, is falling

“slower than rl). From (5.2) gnd (5.3)

+

S | - .
>0 e T g

’

since from (5.1) dw is positive (negative) witbnever (k,-k;)
isfpositive (negative) ¢

]

i .u‘ly&‘ o
A

R AR b,

3f )

e e S, -
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Figure 8, below, shows the initial IC andvalsoethe new.
. ) 1 y
IC2 following a change'in the price.of the imported input
. (assuming, -once again, that sector 1 does not use any im-

ported inputy. The initial long-run equilibragm is at By |

-~

. FIGURE 8 | -

-

L] ' D L] L 3 L] ' .".
while the new long-run equlllb;ipm is at E3.i If the shorti

run equilibrium is beloW'E3, then dur;ﬂg the adjustment capi-

+

tal moves intd sector 1, which has the.lower capital/labour

’

&  - " ratio, and both sectors"become more capital intensive. Thus

- the'wége rate increases while.poth,réntal rates decline. On:
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» " A '

<
the other hand, if the short-run equlllbrlum is above E3,

then both sectors become more labour intensive during the e

long-run adjustment process, and the wage rate falls while

both rental rates rise during the adjustment process.

6. A TARIFF ON IMPdRTED FINAL GOODS
In this sectioﬁ I use the modified Ricardo-Viner model

outlined in section 2, abeVe, to examine the §hort-run eganges

in domestic factor prices causéd by a tariff on imported

final goods. The anelysis in this section is quite similar

to the analysi; in Burgess [1980], but extends the»analyeis

performed by Burgess by (i) highlighting the importance of

the elast1c1t1es of substltutlon between lmporte&*E/d domestic

P
4

inputs, and (ii) using a diagrammatic technique to examine
the potential for conflict between the long-run and short-

run interests of domestic factor owners.
\ -

The Short Run c ] R
A tariff on imported final goods raises P1 (assuming

the output of sector one is a substitute for imported final

goods). To calculate fhe effect of an increase in P, on

-domestic “factor rewards, totally differentiate (4. 2) to

(4 6) (holding P, and Py fixed) and sdlve fore

2

= K {exexxlcsn - sllml'} 31\ ' « (6.1)

et
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A 1 .21 2 2 g2 )y &
r) =z (ogdpry (SKL LL) + 0k ) (ZSKL . Skx’)} Pl
- - . (6.2)
. ) AN
2, = % (oaph, (Sg, - Sp)} B . (6.3)
2.5 3 K1 '’ P . 6

(The terms are as defined above.)

Labour (capital in sector i) enjoys an unambiguous

~

increase in real income whenever w >~ﬁ1 (ri > 131)f Befqre‘
examining the circumstances under which the reward of any
domestic factor unambiguously increases, it is interesting
to examine the importance of the elasticity éf SUSstitution
between the domestic factors and the imported input in the
protected sector in determining the direation in which

domestic factor prices change. To do, this, note that (6.1)

and (6.2) can be rewritten:

- ) 1,1 1 o -
v =1 (el log(sh-Shy) + op(Sg-sip 1} By (6.4
A~ _ 1 .2, o1l (1 gl
ry =7 {0r 10y (Spy=Sin) *+ o (SKL Sgg! 1 -
¥ 2252 g2 _g2 )3 5 ' (6.5)
2 x L{28x1 S 5kk) } P -

In Figure 9, the initial long run equilibrium is at

(E{,E,) . An increase in P, shifts 1c! out; the shift of

IC1 along_the ray OE; is equal to ﬁl/(l—ei,‘ .The slope of

1 1

1 .
the IC™ along the ray OE,D is unchanged if S, = S;., while
the slope becomes flatter (steeper) whenever S;M 5 Siﬂ [
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FIGURE 9

Now consider the followlng restrictions on SéM and SiM:

. o
(1) Sgy = Spy

Duting the first stagé of the short-run adjustment
- . ’ 4 ) .
_ process (when all factors are immbt1e between sectors)
f’i"“ &1 = §1 = ﬁl/(l—e;)' In Pigure 9, as IC1 shifts out, its
" slope is unchanged along the ray OE;. The (temporary)s

— ' equilibrium in sector 1 is at the point of intersection of —— - —
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= \ , a

the ray OE,, and the new ICl - point D. The equilibrium

1
in sector 2 remains at E2 during thi{ stage of the adjust- .

ment process.

‘8

The short-run equilibrium must be at some common wage ,
rate between D and Ez'. Thus, w riseés in the short run.

Furthermore, by j.nsj:ection of Figure 7, ;l > f’l/(l-e:l) > w

>0 > ;2. (See fropos,ition 4 in the appe%dix.)
. . . . [}

‘a
€

Y

o«
v

’. | ;[n the f:.rst etage of the short—run adjustment process .
PRI Y A®
A /(l QM)' > rl -{ 0. - In FLgure 9, as IC:l moves out it

. ' becomes flatter along the -ray OE b and the (temporary)

.’l l.
equlllbrlum in- '.~.=sec~l:orp 1 ls at a po:.nt along the new 102

] ﬁbove the ray-OE D - for qxémple, point F. - '\7. .
. o \'~f:. Lo Co ; "P‘ )
.- 'Du,rlng f.he Jecond stage of the adJusthent. prqcess, "

" La’bqur noves If.”rom Sector ‘2 intpo sector 1. 'me shogrt-run
- equ;jl:;‘brlmp mmst lpe "at some commo; ﬁrxage rate between F‘sand
nz Thud /w.rises i;x the short run. Furt;‘termore, ;1 0, .

and w - ;1 ‘% OJ (See Proposn:t:.on 5 :l:,q the a,ppendlx )

‘ \, ) - !

(iii) SKM < SLM ) . . - - .

‘ q : - ‘. _;‘, - ., i i
In the first stage of tha adjustment process o N

- . ’
by} e

~ ~ 1 AL ) , - ] .
i Pl/(l-eM) > W, Z0: _Io Figuze/‘, as IC” shifts out it

o < 4

et R v 1 B TR 7t LTI 1

» . L ' " ? I PR K e "_?:\




L 4 : .o ‘ oo 3
becomes steeper along theﬂréy OEl, and the (ﬁempsgary)
“ equilibrium is at some peint alongpthe new &Cl below the e

, iay OEID. ‘The possibility that w falls in the short ,run

arises in this case. : - h

. ¢ q .
g . - If the tempqrary equilibrium is above E3 - at peint G,
l . ! ~ ~ 1 ~ . ' ’ - o Y
foruexampleiﬁ Fhen r, > 21/(1 es) > Wy 3?&. During the y
setond stage of the adjustment process;'labour moves from.
sector 2 into sector 1. The shdrt-run equllxbrlum must be.

at some common -w betweegn é and E2 and SO W' rlses in thp
y

shbrt run: ' On, the other hand, if the temporary equllxbraum

Ln sector 1 18 at a poxnt on the new ICl

N, for example - . then rl > Pl/(l-e ) >0 > wL Durlng the N

below E3 - at p01n1

second -stage of the adjustment process labour moves from

9

‘sector ¥ into sector 2. The shoPt-run equilibrzum must be

l
N}

Cat’ some common-w between N and E2 and so W falls in the
s '~ short run. Finally, note that whether w z 0/ rf'> Pl/tl-
and § - §1 < 0. LSee Propositinn 6 in the appendix ) -

s - .. ‘ -

~a - » I’ . . . I
-

\ : - . X Y k
‘ : Summing up, then, whenever S;'n > S%‘}we can'ﬁe' gertai‘
i that w > 0 (ahd § < 0), while we need nore information to

‘. . . » -
r: T, determine ‘whether tl rises 07 falass and whenever‘sl < séné

» . we can be certain that ‘1 >0, while we need more. inf&tmath1
o . 'to determine whether w ricee ox falls (r falls or zises).;f
- - ° It in ctr!‘ing, once again, te note that shortrrunsehangesij

Loy e uage anﬁ'zental rates-e!ten d.gend erucially 6n the relativi

g T B DA T R
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' ' \ )
v;lues of SiM and Siu, whxle long-run changes (see below)

are lndependent of' these substztution elast1c1t1es.
’

1o -

. - ‘.”Uﬂﬁmbigﬁgﬁgfﬁﬁshges in Domestic Factor Prices
(i) Ap Unambiguous Fall In the Real Wage Rate

‘Under what conditions would w fall in the short run?

U .
1 1

“": " Clearly, a neceasary condition for w<0is s SLM'

‘Furthermore, using (6.1}, a necessary and sufficient condi-

J‘\ tion for,w < 0 is (SKL SKK)Z< 0. Note that (SKL Sxg) < 0

f 4
. 1 1 11
<0< Sgy < Spne

* worthy that whether w < 0.in the sho§E run depends only:on
L
relatlve values of elastlcitles of substltutlon, while in

the leng tyn these elastic;tles play no part in determining R

implies, SiL Thus here agaln it is note-

. whether w < 0. R ’ . : | R
' Yo s X .
Ty / ‘ oS
. Lo « . W ‘
° . (ii) An Unanbiguous Increase in the Real Wage Rate
... Prem (6.1) . g N §

' . ]
. .

~.

. A | i _o1\\y)

- W Pl iff {AI(SKL KR’ <A 6 (2SKL KK =S > 0.
3 C ’ ' . s K
. * - 8ince (28 «s ) >0, a necassary_pondition for w > P

4

IS i. (s -Bn’vf> °‘> POl .- . - - ‘-’ . ) . ,

Ll

c,, )

., ? o : R 5 o a2 “ ' -~ ’
~ (11i) A Unasbiguous Fall irr the Rpa;t lhr&:al Ratd in ‘t;ho
R l’:otocﬁcd Sochp: ‘o .

! o

Lnocunry MMManqugudocliuu
mmnmmrmmmmau dutum

.,..

Ve Q‘ A -

i - "\‘, . PR Wl . . [ . ¢ ”

-t . . E L 24 . . -

L™ ’ - : ° oo o . : L%

” . 1. . . ’ - . 4 L 4 « , . P ! L

L e © ? AV . . . d < e ° . B
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~ . ) R P . : \
ry < OJ is SKM > SLM' Furthermore, using (6.2), a neces-

sary and sufficient condition for %1 <0 is

Y

2 2

& Since 252.-s2 Sz' > 0, a necessary condition for r, <0
- KL LL °RK ' Y. 1
x . 1 1 1 12
is (SKL LL) < 0. Again, (SKL LL) <0 =>SKL < 0 < SLM SKM'

—

(iv) An Unambiguous Increase in the Real Rental Rate
’ ‘ in the Protected Sector

From (§6.2) . . R
l 2,2,, -1
1 K‘P%l -0 )(S LL) + AZBKBL(I-GK)

.- ; r > Pl 1ff {1\

. 2 2 .
\ ‘ (ﬁn—sLL-sK-K) = Ay efeK(sKL EK 4 > 0.

The Variety of Short Run gggllzbrxa and Conflicts .
Between: Short Run ‘and Long Run T ;

Flgure 10 and Table-7.2 show the Yariety of resulte
that are possible when an 1mported input is 1nc1uded in the
Rlcardo-V1ner model. In the,diagram, the 1nit1a1 equill— '
brium is.at E .- An increasetln Pl shifts ICl out, and the
economy moves to & new short-run eguilibrium. Ansume that

if w rises to the point Ji thnn W o= Pl' thiﬁ'impliés that

if r1 (rz) rises to tho point N, 21 P, (;2 = Pl). \

¢

3

)
A wide iaxioty ‘of short-rua rocu;gl-aro poooiblc. The

{ .

luyor-mu runlt (r > rl >w>0 > rZ) holds if thc -
m:ll:lb:hn uu bom point: M, and r, but the tqunu:tiq

. - LI i . v’
‘ ) S . ‘
4 . b “ -4 -

s . ) o ' . . y;
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FRESOPION A
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e e

Thus in the long run we observe the familiar magnification .

_that eé/el < B /eL), then a one percent xncrease in P

® ° 4170 .

N A
need not lie between these'pcints.13 Note that there is

no ambiguity concerning the change in the real price of

" ANY of the domestic factors if the equilibrium lies above

1, between E1 and B between C and H or below 6. Thus

one of the more interesting results of the Mayer-Mussa

analysis - the fact that the real change in the price of '

-

one of the domestic factors is ambiguous - does not neces-

sarily hold in an economy that uses imported inputs.

The long—run effects of an increase in P (caused by

the tariff) are calculatec)gj'totally dlfferentlatlng (3.2)

&

and (3.3), holdlng‘Pz‘and ?M fixed. The results are
v 2 ' -
-eK

We = elei;- pov ik Py : (6,6)
k°r = On8k (. .

2 . 5

GL' R : )
T3 I137-5h T Ry
0x0r =616k . ﬂ ; | . .

[

>
1]

results: iff good i is labour intendive (in “the same sense '

l 'aﬂ

"causes w‘tfifise by moxe, ‘than one percent, while r!%alls. I

That is, real wages rise ia termg df ‘any. commo&ity prlce,

'while the reln rental xate Ialls in terms of afy commodity~

pri_c'p. e . | (‘,

In Figure 10 the nev long-rtn equilibrium.is at the

. . " ",
V) e . ) - )
) . . : .
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[4

1‘
labour intensive, real wages have risen and the real rental

point. E Because the protected sector is relatively - v

!

rate has declined when the‘economy has adjusted from the

0ld to the new (longffuh) equilibfium. The situation§ in

-~

which domestic'factOr owners have (or do not have) a con-

flict between short-run and long-run interests are listed

L] .

in Table 7.2,

BRI

-~/
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A Special Case: The Mayer-Mussa Result

i:
M
Ricardo-Viner model, and (6.1) becomes (after some manipu-

By setting 8 0, i =1,2, we have the standard

s lation):
' 1,1
A8y’ 0%

w = { 4 } P (6.8)
1 ,.1 2 2 1
Als,kI/eK + AZSKI/GK

: < ol
. This is the Mayer-Mussa.result (see Mayer (1974) and

Mussa (1974)). 1In ;&gure 11, the initi;f/équilibrium is at
(Elgz), where this equilibrium satisfies (4.14). An in-
crease in Pl shifts ICl oytwards, while IC2 is unaffegteq.
ICl shifts outwards along the ray OE1 by. an amount equal to
ﬁl' and the siOpe o{thCl albng the»ray OEl does hot change.

The new equilibrium must satisfy (4.14). Suppose we' assume

»

— that w is unchanged. By drawing tangents to the IC at the
unchanged w,'the triangle formed hé; ; base which eXxceeds
its vertical height. Thus w mﬁst»rise. Will the percentage
increase in w be the same as the perpentége incré§se in P.?
This occurs .if the new equilibrium wage rate £§‘w2. By
drawing tangents to the ICs at the common wage w,, the
triar;gle formed has a base which is less than its vertical .
y ; o height. Thus w cannot rise to Wy ?hé new équilibriuﬁ wage
' rate must, therefore, be somewhere between the 01d wage rate

}‘ . ' - ! . Y . -
| ) and Wae Por - any w between these extreme values we have (by
inspection) - - : _ .
’ Af l\/ A - A’ ' N pe ’
r .,’/Pl >w> 0> S
e .

‘ .o - .

7 . . . ‘ .
ot . : ' -
- L4 . . . ‘ . .
L . L . :
coe ? / - - R . N . . » :”
4 i -
.

.
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e v+ ot e ol N -,
.

LR
s



P e LT

o kspr ¢ ot a oS Rd s 4 L 4

174

A ‘ FIGURE 11

That is, the real reward of the specific factor in- the pro-

tected (unprotected) industry rises (falls), while the s
f i - ‘
change in the ‘real wage rate is ambiguqus. S

{
i

CONCLUS ION . , '

1]

In this chapter I extend the Ricardo-V1ner model to

a r] '

1nclude an 1mported~1ntermed1ate good -and I use this model{

 to exanline the short-run éﬁanges in domestlc factor’ prices

*®

" caused by. t flffs on both imported intérmediate goods ;nd

®

ca
. , - .
' ; b4 . » , . - .
. »
5 .

' imported final goods.':Within the framework'of,this'nbdel,

L

~ L]
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the changes in wage and rental rates depend (in a compli-

cated manner) on the technélogy of the economy, as repre-
sented by the shares of all inputs in the cost of produc-
tion, and by the (Allen/Uzawa) partial elasticities of sub-
stitution between the inputs. In general, an increase or
decrease in the wage rate is quite possible, and so too is

an increase or decrease ié the rental rates.

-

Since the extension of the Ricardo-Viner model con-

) : ' .
sidered here is the inclusion of an imported intermediate
( ' ' : , x
good, it is interesting to. ﬁfamine the role of the partial

" elast1c1t1es of substitution between this input and the . LA
domestic factors in determlning the changes in wage ‘and |
re;tal rates. These elastiCities often play a crucxal role '
~“in determining whether the wage rate rises or falls. For

- example, if the ela3t1c1ty of substitution between capital ;

and imported intermediate goods is greater than the elas-

e Wh

- ticity of stbstitution between labour and imported inter-
mediate gdods (in both sectors), then a tariff on imported
intermediate goods causes a falI in the wage rate in the

. s short\run, while a ;ariff on imported final, gOods causes an ;
’ - increase in the wage rate. On the. othér hand, the relative' ? ;
‘tzes of these elasticitig; alone 1s usually not sufficient 1

to determf%e how rental rateg are affected (particularly by

tariffs on imported intermediate goods)z more detailed

-

knowledge.of,,the tedmoloq‘ is required in order to

. . '
» ’

.
]
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determine whether any particular rental rate rises or falls

in the short run. ‘ . " a

Finally, it is quite possible that the short-run
<hanges in wage and/or rental rates -could be reversed in

the "long run. Thus the short-run interests of domestic

factor owners could conflict with their long-run interests.,/"

Whether such.confiicts actually arise depends on techno-
logical conditions; and furthermore, it iS*possible‘that

all domestic factor owners face a conflict, that some face

"a conflict (while others do not), and that none face a

conflict.

% N
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FOOTNOTES - CHAPTER VII

See, for example, Jones (1971), Mayer (1974) and

gpssa (1974) ..

) .
Note that the production sector described here is non-

joint in inputs., See Hall (1973).

If capital aﬁd labour must always be used together in

fixed proportions in sector-i, then 1ct is linear;~;5£

capital and labour are infinitely substitutable for

one another, IC ,1s rlghtdgngled The-IC drawn in

‘v

Figure 1 represent a SLtuatlon intermediate between

these two extremes,

‘Note -that the I¢* are shown intersecting in (w,r)

space.’ Thjs ensures that the economy produces some of

~

both goddé} 'See Sectioh three, below. ‘
. 3 § (
See Debreu (1959), pp. 39-45.

Iy
-

© These results are derived by Burgess (1976). The re-

sults are similar to the-Stolpég-S_am}ngson'res'uli:é’ for

5 f

ase.. In the Sﬁolper-Samuelsoh result, as 61 gets

closer in valuq to ei, the change in factor rewards\c

gets, larger a'nd largar. fThis phenomenon is not a fea--

ture.of the model presepted in)ﬁptc thesis. 'Note that
' N

Y

-

e
4

el i Aweadeds:

-
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since output prices are unchanged, w (r) measures the

0 change in the real price of labour (capital).

6. The slope of the new IC for sector i (i = 1,2) along

the ray OEo will usually be different from the slope
©f the old ICi along the ray (see Seétion.4, ahead) .
Also, the new equilibrium veiue of the capital/labour
ratio in sector i, given by the.slope of IC}\at the
intersection of the new IC, will be different from the
T f4 initial capital/labour ratio ih sector i. However,
the long-run effects of small changee in the price of
imported inputs on the priges of domestic factors are

fully determined by the initial capital/labour ratios,
i : : + _and so the changes in the slope of IC}, and in the

capital/labour ratio in sector i, are not crucially
important here. See Jones (1965), and the .reference

in that paper to the thg-viner theoren.

{ ’ —

¢’ Since 6; =P, the_expression for 22 becomesix
- 12,202 27, 2 2., ¢ - '
Ty {*2éxnm Sg~Sey + Spp Sk
' 1,12 .1 1 .l 4y 4
+ A 800y [-28 + sm’ + gk} By
Agein 82 < 82 =>(82 )< 0. And since
- " KM LM LL KL
P R | 1 2 2 |
(=285 * SLL + Spg) < 0, then whenever Sy < sLMf rz

’ o
- ]
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"

must fall. Thus a necessary condition for r. > 0 is

2
2 2
Sk > Spue
This is a “"perverse employment effect" - employment in
the protected sector falls (see Burgess (1980)). This

perverse employment response is a necessary and suffi-

cient condition for w to fall in the short run.

The conditions for an unambiguous fall (increase) in

the wage rate, and in the rental rate in the protected

sector, are examimed in detail in Burgess (1980).

This .is shows: in,Burgess (1980).

Note that Sl < 0 is a necessary condition both for

KL
Q < O‘and for 21 < 0. However, w and r, canhot both
| , 1 .1
fall. w must fall when (SKL SKK) < 0; in this case r,
must rise. r, may fall when (S1 *Sl ) < 0:; in this

KL °LL’,

case w nust rise.
o L Y

The short-run equilibrium lies between points H and F

whepever SiM = SiM (sufficient but not naecessary).

That is, whenever the technoloéy in sector’ 1 is..sepa-

rable between the domestic fg&tors, on the one hand,

"and the imported input on the other, the Mayer-Mussa

S

result holds. ' .

§ ol e
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* APPENDIX _

Q

The Propositions in this Appendix are derived using the

following "adding-up" constraints on the S;4t

J s
iqi i1 i i _
6:5:1, * OkSk * OMSm = O (1) ,
igi igd i _ ST
0¢Sgx * 91Sxp * eMsKM\; 0 . (cz)
Pfopogition l: WheneYer S;M = Siﬂ' i =1,2, thenw <0., ,

4 A A . i p N s L
Furthermore, (w - r,) >0 1§f 8y > On- RO .
Proof: ! ~ : : ' o -

Subtract (2) from (1): o ’
ol iy | oadged _od = ,
0 (Ser=Sxx) = 85(Sk sLL) 3 »-
Thus either (a) (SKL KK) > 0 and (SKL_SLL) >0 -
or_ (b) (S ) < 0.and (SKL LL).< 0 -
: ‘ -
Thus (b) is not possible, and so ’ < "
i @
(8¢1 KK) > 0 and (sKL LL) >.0.

' By inspedtion of (4.8), -w < 0.

Conside® how, (w - ;:2) .

b




~

o

< i 1 “'.
‘ <+ RE:
- |
~ 1l 1 2 2 2’
(w )) = ={x,8 Onek (S ) + A,0,0,6 (sKK Skr)
) 1:1.2,.1 1, _ 102, 2
219 ML (Skr.Skx? ~ 229%0L° ‘f L~ Ske)
- a,etelo2(-2s1 gl _sl ;) ‘
: 1°L°K"M:~“®KL~°LL KK ¥
éh\w:@hg _Bll((S:m-Sl _a"ﬁi—LS;L—-SEL) this can be re-
v. \_ \ A - ,
" written: - ' ‘ ¢ .
« -"1_* I | l‘ 1 62 :
o & P & 2,.2 2 2_,1 \ ‘ -
Similarly, (w - rl) | KU‘ZBK(SKK SKL) (eM M)} ‘Xa;.:
B K i N s » 4 ’ ' °
- . ~ - ~ . i J R ] . -
,,cThus ' (w ri). <0 lff.' BM < BM e - ) }
) ’(G—’;)>~3~if’:‘_ei>ejlﬂ ' . .. ;
: Fi! A "M M - :
. 1 . . - .
?‘ o Ry ':
‘Propo'sit.:ion 2: Wh‘en_eve; S;:M > SI.M' i=1,2, thenw < 0..
. i j = ’ A_A' Y _A £ — - o
Furth,érmore, BM > GM > (w J:.'i) < 0, (w ‘rj) <._'0. )
. . . 1 . - - :
~ Proof: I {7 »
- ’. o - - - ]
Subtract (2) from (1) : R . b‘
, = i i i é i i “ ..
, eK(SKL Skx! aL xn's L) + o (s, Lu".. . s
- i ioad gL . 7 S
- - Thus SKL SKK < fa»SKL SLL 0‘ o 2. y
. K . o, .
which- :Ls :anossible. ‘ . ‘e "-‘ ) ‘ ‘- J
. Y G . ; R : ' !
. Thus (Sn.“'sn) > 0 (anid ‘sn‘..'m)/,/z o)“o:,. . B
- -, ! ; . « . ™ a8
S 3y/ :I.ncpcctiong! (4:8), v < 0. T e R
A ‘u\ -  * - . L ‘ . e N 7 N
¢ ' [ d o ”

PR e ° . . s - -
-
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. - 4 ' N ‘?
g ‘ ) . N - \
S ; i i . A > .
-Proposition 3: Whenever S, < S;ys 1 = 1,2, t@pn Yo 0.
Proof: ' - ‘
Subtract (2) from (1)
i,ai iy oadgedl i i,.i i
9% (Skr =Sk = Op(Sxe7Spn) *OuSxuiSin -
Thus (st sl ) < 0 =>(si —si ) < 0, which is impossible
KL 'L KL KK ! '
-
A S | ] i iy > 4y
Thus (SKL-SLL) > 0 (and (SKL SKK) < 0)-
. _ Ao, g
By inspection of (4.8), w - 0.
Proposition 4: Whenevef Sl = Sl then 0 < w < B /(l-el)
) KM - LM’ 17 M

. ~ o - l ~ .

and r, > Pl/(l BM), (an§ r, < 0).

Proof:

(5.7) can be written in the following way:

! ‘
5 2 1 1,01 1 1.1
5 P, {GK-A]_[(l-eM) (1-83) Spp + 8y (1-04)Spy ]
1 "2 1 nkyad 4ol Lyl olol ol _ol s
1-8, 8gA I (1-9P>) (1-03) Sp, +0y ( 1-83) Sppt 03,0k (S1y=Sgu) ]

1 -2 2,02 0201 02102 442422 _a2
+ 00, [(1-85) (1-8) Spr+6 (1-81) SL\ #0060 (ST -Sp) 1)

’ .
where the first term in square brackets in the denominator
;L-S;K—SiL) (>0) , and the second term in
square brackets in the denominator equals

2,2 2 2 2 , . .
eKeL(ZSKL—SKK-SLL)_(>0). By inspection, if S

1.1
equéls BKOL(2S

1
KM

1 .

= Spm

~ A

. 1l
0 < w <« Pl/(l-OM).

Using

:

Lo
4
;
‘s
¢
%
'
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l" 1A—A
eL w + GK r; = Pl

P

A l A A l
whenever w < 1/(1-6M)' then ry > Pl/(l-SM).

“»
L ; 1 1l ~ A
Proposition 5: Whenever SKM > SLM’ then w > 0, 7 0, and
AA>
(wirl) < 0. .
Proof: ‘ , ) .
- \
We know that . *
1.1 _ a1, .1 1 - -
O (Sx1"Sxx) = eL(SKL Spp) + Oy(SeySpy) T
Thus (sl -sl ) <o =>(sl-sl) <o ' '
s KL~ KK KL~ LL
which is ﬁmpoésible.
1 .1 l_>
Thus (SKL-SKK) > 0 (and (SKL LL) < 0).
~ A ~
Thps w > 0, ry < 0, r, < 0.

Corollary:

A ~ )
A necessary condition for w < 0 (r2 > 0) is siM < S

Consider, now (Q-fl):

s e b

l

A A 1 gl :
(w-r;) = [e (SKL KK) + o} (SLL 5xp) ] :
« 4
K - a,0%02(282 -s2 -s2)}) B ;
CCHEE Suy 7%k} Py ¢
=1 sl - 2 A !
010K SarSi) ~ 229107 (ZSKL 515k} 8y g
. 1 _1 " 2 _.2

2,
Since (SKM-SLM) >0 aﬁd (284, =61 1 ~8pg) > .0, (w-rl) may be

positive of negativef
. \




-t

E S
\%‘ Proposition 6: Whenevgr SiM < StM, thgn w % p, ;1 > 0, and
i (G-El) <0.
i Proof:
i ' We, know that '
; ‘ 1s .1 1 _ .l l
. . exmm,%m)‘eme.Lﬁ +e(%m Seu) -
Y _ sl A
: vo Thus  (Sg;- LL) <0 >(SKL Sgx) < 0 ‘
: which is impossible. ‘
. ]
i 1 gl > .
§ Thus (g = LL) >0 (#nad (sKL Sxg) = 0
.‘,' ~ D> N ‘ ~ >
i ' Corollary: / )
! 1

g
=

A necessary condition for 21 <0 is Sl > 8

Consider, now, (w-rl).

PRy SR

g2 2 ., A

¢
E'.‘ AN l l
(w-r)) = K“ o KM Sew) ~ A0 L K(ZSKL 1Sk’ T Py
since (st -s! ) < 0, and (252 -s2 ) > 0, (w-r.) must be
KM S ' e Pkt Al KK ‘ 1

negative.
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CHAPTER VIII

SUMMARY AND CONCLUSIONS

In this thesis I use prdduction theory to examine the
determinants of the d;mand fbr imports, and I-gmpirically
examine Canada's demand for imports using an econometric
moéel derived from production theory. The production theory
approach provides a useful framework for examining two
important questions: how changes in the price of imports
-- caused b¥ changes in tariffs, for exXample -- éffect the
prgces'of domestic factors of produétion, and thus the in-

comes of the owners of domestic factoré,'and how the demand

for imports changes as the price of imports changes.

-

The model of thé'producfion sector used in the theore-

‘tical and empirical work is.based on the assumption that

domestic firms transform inputs of labour, capital and

imported goods into final outpﬁts.. In‘this model; firms

respond éo an increasg in‘the’price of imported gddds by

rearranging their use of inputs in the production process

‘in order to ensure that production costs are minimized.

Thus the demand for imported. .goods, and for domestic factorxs,
‘ .

changes: and the change in the demand for domestjc factors

causes changes in the prices of these factprs.

The exact nature of the theoretical results, and the

manner in which the theoretical results are affected by

186
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changés in the specification of the theoretical moéel are
discussed in Chapters II and VII. 1In éhese chapteré, I
examine the important role of the elasticities of substitu-
tion between domestic factors and imported goods. These
elasticities measure the ease with which firms can suhsti-
tute domestic factors for imported goods in the production ~
of final goods. The values of these‘elasticities are often
crucial tb‘determining whether a change in the pr;ée of
imggrted goods increases or decreases the prices bf labour

. .

and capital.

In Chapter VII,'also, I examine how the productien
sector adjusts over time following a change-in the price of
imported goods, and how domesﬁic factor prices change during
the various stages of this adjustment proceés. It haéioften

been noted that-if the production sector adjusts .slowly

-

. following a change in the price of imported gdods, so that

the ultimate changes in domestic factor pricgs develop slowly
over time, then current owners eﬁ domestic factor; would be
interested in the short-run changes in fagtor p;ices as.
weil as the ultimate (or léng-run) changes. In Chapter VII

I examine the short-run changes in factor prices, and com-

pare these to the long-run changes.

The most interesting result of this comparison is the

fact that the short-run changes in the prices of some or

S
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~

\ ‘ ' :
all of the domestic factors could be in the opposite direc-
v = '
tion to the long-run changes. 'This result confirms the

potential for conflict between the long-run ang short-run

interests of owners of domestic factors that has been found

- in other studies using a theoretical framework different

from the one used in this thesis. Since the production
theory approach used in Chapter VII provides a convenient
framework for empirical .work, it may in the future be pos-

sible to estimaté whether any conflict actually exists.

vt

In the empirical work in this thesis I examine the
long-run effects of changes in the price of imports on’
Canada's demand for imports, on the prices of domestic
faétors in S&nada,'and on the distribution of incomé.amongst

\ \ :
the owners ogldoqestic factors. As 1 pentioned above, I
use‘an-econometric-model.whiqh is derived from production
theory, and which therefore indorporates the insights pro-

: - B
vided by the theoretical analysis. However, while produc-

v

tion theory provides important guidelineé for the empirical

L J
work, it does not provide all th answers: and in the em-~

piricél work there are a number of practical questions that ‘

must be decided wiihdut‘any guidance from theorétical wo;k;
In Chapters IV, V and VI I explore .a number of these prac-
tical questions, and I examine the extent to which the
'empirical results are affected by these decisions.

The fact that practical 'questions can have an important

.

S -
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the entire sample period. In fact, the empirical evidence
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~

bearing on the empirical results is demonstrated in Chapter

‘IV. In that chapter I examine the problem'of choosing a ..

functional form for use in the empirical work. I represent
the tecﬁnology of the prodpction sector by ;hreé different
functional forms, all of which are commonly used in empiri-
cal work, and no single one of which is a priori preferred

to _the other twé.. I estimate the three functional forms,

énd I compare the empiric\al results from the three estima-
tions. The.results provide confl;éting evidence on the

question of how #gincrease in the price of imports affects

L) N
the distribution of income amongst the owners of domestic

factors. Two of t%functlonal forms lndlcate that higher

import prices redistribute income from owners of labour tp -
owners of capital throughout the sample period (1948-1972).

The third functional form confirms this income redistribu-

tion result during the first half of the sample péeriod, but
indicates the redistribution is in the opposite direction

during the second half of the sample period.

The empirical results of Chapters V and VI provide
strong evidence that higher import prices redistribute in-

come from owners of labour to owners of capital throughout

w

ip these chapters suggests that higher import prices cause. S,
an increase in the (real) priqe (or rental rate) of capital,
while the (real) price (or wage rate) of labour falls, . )

. ' . S
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Thesg"resﬁlts are quite robust, for whether a cost or res-
tricted profit~fuhction is estimated (see Chapter V), and
whether the speed of ;djustmeht in the production sector is
imposed or estimated (see Chapter VI), the results do not
change. One modification of these results is indicated by
the empirical work in Chapter V: whethbr the price of
capita{ rises or falls follasing an increase in the price
of imports may depend upon the country of origin of the
imports. When the price of "imports from the U.S." (apout
seventy percent of all imports) rises, the price of capital'
rises, while when the price of "all other imports"” rises,
fthe p?ice of qapital falls. 'However, regardless of the
country of origin of the imports, higher import prices re-
distribute income from owners of labour to owners of >
capital.

Two implications of these empirical results are worth
stressing. Firﬁt, by raising import priéé;i and thus '
causing an increase in‘the rental rate in Canada, tariffs
stimulate capital.formation: and the higher supply of
' capital lowers -Canada’s demand for imp%rts.

e

’Secopd, since é change in the.pfiJe of imports can be.

interpreted .as a change in the terms of%trade, the empirical

results indicate how factor prices would be affected by

.

any change in;the terms of trade. Thus the results indicaté'.

that if (for éxample) the U.S. lowered its tariff on imports
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’

from Canada, thereby improviﬂg Canada's terms of trade, the
wage rate in Canada would rise and the rental rateswould

fall.

My empirical results confirm the results of two pre-
vious studies that used production theory to examine the
effect of higher import prices on the prices of Canada's
domestic factors. Thus studies based on production theory
indicate that Canada's tariffs benefit owners of cépital
and harm owners of labour. Many earlier studies emphasized
the role of tariffs in increasing the unit price received
by domestic producers of import-competing final goods, and
the (limited) evidence from these studies suggestéd that
Canada's tariffs, to éhe extent thap these tariffs raised
the selling brice of import-competing final goods, bene-
fitted owners of labour and harmed owners of capital. The
differerice between the results of these earlier studies and
the results derived using the production theory approach.
is quite striking. However, I am inclined to reject the
results of the earlier studies ~.particularly since the
econqmétric mgphoés used in those studies were quite crude -
in favour of the results derived using the production theory
approach. I conclude that the best empigical evidence
currently available indicates that the burden of Canada's

hY

tariffs falls on owners of lanur.

In.examining how a change in the price of imports
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.affects the demand for imports I emphésizq the overall ad-

’

justment of the production sector ‘caused by a change in the

.g,"

pricg of imports. The chéége in the demand for imports is
pne aspect of this adjustment. Whether the change in the
demand for imports is lazge or small depends on the degree
to which firms can substitute domestic factors for imported
goods in the production process. The empirical evidence
(of Chapter VI partiéﬁlarlyf indicates that there is a high
degree of sSubstitutibility between imports and the domestic
factors, and thus a change in the price of imports causes a .
large chanée in the demand for imports.

The énalysis of Chapter VI suggests one reason why
| Aany empifical studies may have underestimated the own price
elasticity of demand for imports. In Chapter VI I use an
econometric model that incorporates the assumption that
"firms in the production sector adjust slowly following any
change in the price of imports. The empirical evidence .
indicates that the adjustment takes place over a period of |
at least four years. 'The assumption that the adjustmené is.
completed within one year - an assumption which is_rejected
by fhe data - significantly reduces the size of the esti-
mated own price elasticity of demand for imports’. Thus the
use of this assumption in many empirical studies may have
led researchers to underestimate the extent to which the

I3

. demand for imports changes following a change in the price

.
-

\
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of imports.

Finally, the own price elasticity of demand for im-
ports (holding domestic factor supplies fixed) is an impor-
tant determinant of the welfare gains that would tesglt

[ ]
from any reduction of tariff barriers. Using the elasticity

estimate of'-2.4 (from Chapter VI), I find that Canada would

gain very little from a unilateral elimination of all
tariffs on imports. If, QPwever, Canada's $rading partners

reciprocated by eliminating their tariffs on Canada's ex<.

' ports, the overall welfare gain for Canada would be approxi-

mately three percent of GNP.,

1

———t
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