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ABSTRACT

Recent studies on factor substitution have concentrated
on the use of flexible functional forms such as the translog
cost function. These functions allow the elasticities of
substitution to assume arbitrary but theoretically consistent
values. By theoretically consistent I mean that the cost
function is capable of taking on all the desirable properties
of a cost function. I make use of the translog function first
to estimate an energy submodel, which consists of gasoline,
fuel.oil, electricity, coal and coke, natural gas, and liquid
petroleum gas. This is used to derive a price index for
energy which along with price series for labour and capital
for eleven Canadian industrial sectors, is used in a dynamic
and a static study of capital, 1labour, energy (KLE)
substitutability. By substitutability I mean the degree to
which the producer is able to replace one factor of production
with another as their relative prices change.

In both studies tests are performed to determine whether
the model has Hicks neutral technological change,
homotheticity, homogeneity, homogeneity and symmetry and
whether the underlying cost function is concave. To test for
the concavity of the cost function the characteristic roots

are examined, for the other properties a likelihood ratio test



iid
is performed. Furthermore the static, partial adjustment, and
autoregressive models are nested within the dynamic model, so
tests are performed to determine the correct strucfure of the
model. Once this has been accomplished both the Allen
elastiéities of substitution and the price elasticities of
substitution are derived. This is done for the energy

submodel, the static model, and the dynamic model.

Examiners:

Dr. K. G. Stewart, Supervisor (Department of Economics)

Dr. D. Ferguson, Departmental Member (Department of Economics)

Dr. M. Lesperance, Outside Member (Department of Mathematics)

Dr. Zheng Wu, External Examiner (Department of Sociology)



Table of Contents

CHAPTER 1 INTRODUCTION

CHAPTER 2 COST AND PRODUCTION .
2.1 The Theory of Cost and Productlon

2.1.1 Input Substitution and the

Production Function
2.1.2 The Cost Function . .
2.1.3 Flexible Functional Forms
2.2 Separability and Homotheticity.
2.2.1 Homotheticity . . . . . .
2.2.2 Separability . ’

CHAPTER 3 LITERATURE REVIEW . .

3.1 The Berndt and Wood Study . .
3.1.1 The Assumed Technology
3.1.2 The Share Equations

3.2 The Griffon and Gregory Study
3.2.1 The Assumed Technology

3.3 The Fuss Study . .
3.3.1 The Assumed Technology
3.3.2 The Energy Submodel %
3.3.3 The Empirical Results . .

3.4 The Anderson and Blundell Dynamlc Study

3.4.1 The Model . . . . .
3.5 The Friesen Dynamic Study . . .
3.5.1 The Model . . . . . 5
3.5.2 The Empirical Results
3.6 Summary of the Literature Review

CHAPTER 4 THE ENERGY SUBMODEL
4.1 The Model . A
4.1.1 The Assumed Technology .
4.1.2 The Empirical Results

4.1.3 The Allen Elasticities of Substltutlon

4.1.4 The Characteristic Roots.

CHAPTER 5 THE STATIC MODEL

5.1 The Model
The Share Equatlons
HNTC and Homotheticity .

The Empirical Results
Serial Correlation .
The Characteristic Roots

(G, S, NS, N, NS, NS,
=
AU WN =

CHAPTER 6 THE DYNAMIC MODEL . .
6.1 The Model s
6.1.1 The Time Serles Format
6.1.2 Model Identification .

Homogeneity and Symmetry .

iv



6.1.3 HNTC and Homotheticity . . s & & 67

6.2 The Fully Parameterized Demand Model ¢ & % 67

6.2.1 Serial Correlation .« « » o o s » « = 70

CHAPTER 7 CONCLUSION AND SUMMARY . . . . ¢ &« « « « « . 80
Appendix A Data Construction and Sources . . 83
Appendix B The Empirical Results for the Energy Submodel 85
Appendix C AES’s for the Energy Submodel . . s 96
Appendix D Price Elasticities for the Energy Submodel . 102
Appendix E Empirical Results for the Static Model . . . 108
Appendix F AES’s for the Static Model . . . . . . 114
Appendix G Price Elasticities for the Static Model : .118
Appendix H AES’s for the Dynamic Model . . . . . . 122
Appendix I Price Elasticities for the Dynamic Model . . 126
Appendix J Empirical Results for the Dynamic Model . . . 130
Appendix R1 Residuals vrs. Fitted Static Model . . . . . 134
Appendix R2 Residuals vrs. Fitted Dynamic Model. . . . ..156
Bibliography: s s s « =« s « % % % 4 = s % % % % # » & = sili8
vVita. . . . o 6 s » x w x v % % w s » s = » =180
Partial Copyrlght Llcence s & % ow % e s @ @ o owmoa w @ s 181

Thesis Withholding Form. . . . . . « « ¢« « + ¢« o+ ¢« « « . 182



List of Tables

Chapter 4

The Industrial Sectors.
Characteristic Roots for the AES Matrices. .

Rubber and Plastic Products Industry. . . . .
Wood Industry . . . . .
Furniture and Fixtures Industry . . . . . . .
Paper and Allied Products Industry . . . . .

Primary Metals Industry. s i

Metal Fabricating .

Machinery Industry .
Electrical Products Industry . . . . . « .« &

Transportation Equipment Industry . . . . . .
0 Non-metallic Mineral Products Industry o = &
1 Chemical and Chemical Products Industry. . .

Fuel Types . . . . . s s e s % s 8w e e 8 e
AES for the Rubber and Plastics Industry . . .
AES for the Wood Industry . . . . . . . . . .
AES for the Furniture and Fixtures Industry .
AES for the Paper and Allied Products Industry
AES for the Primary Metals Industry . . . . .
AES for the Metal Fabricating Industry. . . .
AES for the Machinery Industry. . . . . . . .
AES for the Transportation Industry . . . . . .
AES for the Electrical Products Industry. . .

Industry. s s = « s

. . . . . . . . .

1 AES for the Non-metallic Mineral Products

C.12 AES for the Chemical and Chemlcal Products. .
D.1 Price Elasticities for the Rubber and

Plastics Industries. .

D.2 Price Elasticities for the Wood Industry .

D.3 Price Elasticities for the Furniture and
Fixtures Industry . . .

D.4 Price Elasticities for the Paper and Allled

D.5

Products Industry . .
Price Elasticities for

Industry. . . .

D.6
D.7
D.8

D.9

Price Elast1c1t1es for
Industry. . . . .
Price Elasticities for
Industry. . . . . « . .
Price Elasticities for
Equipment Industry. . .
Price Elasticities for
Products Industry . .

the Primary Metals

tﬁe.MetaloFabritattnd
tﬁe.MacﬁiAery. o
the éranspertatred .

. . . . . . . . . .

the Electrical

D.10 Price Elasticities for the Non metalllc
Mineral Products Industry . . . . . . . . . .
D.11 Price Elasticities for the Chemical and
Chemical Products Industry. . . . « « « « « &

.

vi

48
49
85
86
87

89
90
91
92
93
94
95
96
96
97
97
98
98
99
99
100
100

101
101

102
102

103
103
104
104
105
105
106
106
107



Chapter 5

E.8

E.9

vii

Tests for HNTC, Homotheticity, and Homotheticity

and HNTC.
Tests for Homogeneity and Symmetry.

. . . . . . . . . . . . .

Input Substitution Patterns for the Static Model

Characteristic Roots for the AES matrices.

Parameter Estimates for the Static Model
Rubber and Plastics Industry.
Parameter Estimates for the Static Model
Wood Industry . g
Parameter Estimates for the Static Model
Furniture and Fixtures Industry.
Parameter Estimates for the Static Model
Paper and Allied Industry.
Parameter Estimates for the
Primary Minerals Industry .
Parameter Estimates for the
Metal Fabricating Industry.
Parameter Estimates for the
Machinery Industry. & v @ 5 3
Parameter Estimates for the Static Model
Transportation Equipment Industry .
Parameter Estimates for the Static Model
Electrical Products Industry .

Static Model
Static Model
Static Model

for the

58
60
62

63

for the

for the

108

108

for the

for the

109
109

110

for the
o & » J10
for the
s o+ w111
for the
. v » 111
for the

112

E.10 Parameter Estimates for the Static Model for the

Non-metallic Minerals Industry. . . . .

.112

E.11 Parameter Estimates for the Static Model for the

Industry.

Chemical and Chemical Products Industry. " «113
F.1l AES for the Rubber and Plastics Industry . . . 114
F.2 AES for the Wood Industry. ¢ % s &« « =« = « » 114
F.3 AES for the Furniture and Fixtures Industry. . 114
F.4 AES for the Paper and Allied Products Industry. .115
F.5 AES for the Primary Metals Industry . s ¢« » +118
F.6 AES for the Metal Fabricating Industry . . . « 115
F.7 AES for the Machinery Industry . . . . s e . 116
F.8 AES for the Transportation Equipment Industry . .116
F.9 AES for the Electrical Products Industry . . 116
F.10 AES for the Non-metallic Minerals Industry. . 117
F.11 AES for the Chemical and Chemical Products
Industry. « « ¢ ¢« ¢« ¢ o« o & « » &« 5 w &« » & ¢ L17
G.1 Price Elasticities for the Rubber and
Plastics Industry . . © % « » #1318
G.2 Price Elasticities for the Wood Industry s .118
G.3 Price Elasticities for the Furniture and
Fixtures Industry. . . . . « 118B
G.4 Price Elasticities for the Paper and Allied
Products Industry . . . . 119
G.5 Price Elasticities for the Primary Metals
Industry. . . . . . « ® W @ .119
G.6 Price Elasticities for the Metal Fabricating
2 & 5 w & « » » »i19



viii

G.7 Price Elasticities for the Machinery

Industry. . . . . . . . s . . .+ 2120
G.8 Price Elasticities for the Transportation

Industry. . . . . . . s e e e s e » = s « 120
G.9 Price Elasticities for the Electr1ca1

Products Industry . . « « « « ¢« o « « &« « « « « 2120
G.10 Price Elasticities for the Non-metallic

Minerals Industry . . . . e e e e .. 121

G.1l1 Price Elasticities for the Chemical and
Chemical Products Industry. . . . . . . . . . . 121
Chapter 6
6.1 Model Identification. . . . . . . . . . 2 T2
6.2 Tests for HNTC, Homotheticity, and Homothetic1ty

and HNTC. . . . P e v e e e . . 14
6.3 Tests for Homogeneity and Symmetry ¥ ¥ e & & 5 u 16
6.4 Input Substitution Patterns for the Dynamic

Model: « « s 2 o 2 s 5 o ¢ s o & o w & s © @ s = 18
6.5 Characteristic Roots for the AES matrices. . . . 79
H.1 AES for the Rubber and Plastics Industry . . . . 122
H.2 AES for the Wood Industry. . . . . . . . . . . . 122
H.3 AES for the Furniture and Fixtures Industry. . . 122
H.4 AES for the Paper and Allied Industry. . . . . . 123
H.5 AES for the Primary Metals Industry. . . . . . . 123
H.6 AES for the Metal Fabricating Industry . . . . . 123
H.7 AES for the Machinery Industry . . . . . . . . . 124
H.8 AES for the Transportation Industry. . . . . . . 124
H.9 AES for the Electrical Products Industry . . . . 124
H.10 AES for the Non-metallic Minerals Industry. . . 125
H.11 AES for the Chemical and Chemical Products

Industry. . .« ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ o . . e o o .« o 125
I.1 Price Elasticities for the Rubber and

Plastics Industry . . . o o s s s s e e o s s 2126
I.2 Price Elasticities for the Wood

INdUSEEY & ¢« = s « « = % % & & & &= « « » = 126
I.3 Price Elasticities for the Furnlture and

Fixtures Industry . . . . w o m om e « o+« « o 126
I.4 Price Elasticities for the Paper and Allied

Products Industry . . . Py ¥ s 4 « & s » « 127
I.5 Price Elasticities for the Primary Metals

Industry. . . . . . . © s o« s »127
I.6 Price Elasticities for the Metal Fabrlcatlng

Industry. . . . . . . . e )
I.7 Price Elasticities for the Machlnery

Industry. . « .« « « .« . e s 4 s s s s+ s e e s+ <128
I.8 Price Elasticities for the Transportation

Equipment Industry. . . i o o 4 w = wld8
I.9 Price Elasticities for the Electr1cal

Products Industry + + « s« s o & &« = s &« s » » = =128
I.10 Price Elasticities for the Non-metallic

Products Industry . . . . . « s« x » 129

I.11 Price Elasticities for the Chemlcal and
Chemical Products Industry. . . . . . . . . . . 129



J.1
.
J.3
J.4
J.5
J.6
J.7
J.8

J.9

ix

Parameter Estimates for the Dynamic Model for the
Rubber and Plastics Industry. . . ¢ % x w w zk30
Parameter Estimates for the Dynamlc Model for the
Wood Industry . . . o m ow s e ow s ow s o e @ w» =130
Parameter Estimates for the Dynamic Model for the
Furniture and Fixtures Industry . . . . . . . . .130
Parameter Estimates for the Dynamic Model for the
Paper and Allied Products Industry. . . . . . . .131
Parameter Estimates for the Dynamic Model for the
Primary Minerals Industry . . . . . . . . . . . .131
Parameter Estimates for the Dynamic Model for the
Metal Fabricating Industry. . . . . . . . . . . .131
Parameter Estimates for the Dynamic Model for the
Machinery Industry. . . « « ¢« ¢ ¢« « ¢« o +« ¢ « « 2132
Parameter Estimates for the Dynamic Model for the
Transportation Equipment Industry . . . . . . . .132
Parameter Estimates for the Dynamic Model for the
Electrical Products Industry . . . . « & « « 132

J.10 Parameter Estimates for the Dynamic Model for the

Non-metallic Mineral Products . . . . . . . . . 133

J.1l1 Parameter Estimates for the Dynamic Model for the

Chemical and Chemical Products Industry . . . . 133



List of Tables

Fitted vs. Residuals Eq. 1 Rubber and Plastics Static Model.
Pitted.vs..Residuals.Ed. 2 Rubber and Plastics Static ﬁodéi4
Pitted.vs..Residuals'Ed. 1 Wood Static Model. ..... « % u %3?
Fifeéd 've. nesiduals 4. 2 Wood Static agel. L L

© % B 3 ® O v & % & m . . « & .137
Fitted vs. Residuals Eq. 1 Furniture and Fixtures Static
e e e e e e e e e e e .. . . . .138
Fitted vs. Residuals Eq 2 Furniture and Fixtures Static
Model.. . . « o = w139
.Fitted vs. Residuals Eq 1 Paper and Allied Static Model. .
.140
Fitted vs. Residuals Eq. 2 Paper and Allied Static Model. . .
. . . e e ) . . . . . . . . ‘e . . . . . . . . . . 0141
Fitted vs. Residuals Eq. 1 Primary Metals Static Model. < =
s = B ® B N ¥ ¥ ®W P M ® ¥ 8 = om T M om o® B u @ v o .142
Fitted vs. Residuals Eq. 2 Primary Metals Static Model. .
. m o4 b 0w & B % % o W W .143
Fitted vs. Residuals Eq. 1 Metal Fabricating Static Model. .
.144

Fitted vs. Residuals Eq. 2 Metal Fabricating Static Model. .
. . . . 0145

Fitted vs. Residuals Eq. 1 Machinery Static Model. . v

Ll - . . . . L] . . . - . . . L . . . . . L] . ° . . I146
Fitted vs. Residuals Eq. 2 Machinery Static Model. .
. . L * L] * * L] . L L] L L] * L] . * L] . . . L] L d . . . 147
Fitted vs. Residuals Eq. 1 Transportation Equipment Static
Model. L] . L] L] L] L] L] i L] L] . . . L] L] L] L] L] L] L] L] . ° . . 148
Fitted vs. Residuals Eq 2 Transportation Equipment Static
Model. . ’ . L] . . . L] L] . L] . 149
Fitted vs. Re51duals Eq 1 Electrical Products Static Model .
« & =150
Fitted vs Re51duals Eq 2 Electrical Products Static Model .
. . . . L] . . . . 151
Fitted vs. Residuals Eq 1 Non-metallic Mineral Products
Static Model. . . . . . 152
Fitted vs. Residuals Eq 2 Non metallic Mineral Products
Static Model. . . . P : I . |
Fitted vs. ReSiduals Eq 1 Chemical and Chemical Products
Static Model. . . . « « . .154
Fitted vs. ReSiduals Eq 2 Chemical and Chemical Products
Static Model. . . . . ¢ 5 w w v
Fitted vs. Residuals Eq 1 Rubber and Plastics Dynamic Model
. . . L] . 156
Fitted vs. Residuals Eq 2 Rubber and Plastics Dynamic Model
“ 4w B @ « » = » # #1587
Fitted vs. Residuals Eq. 1 WOOd Dynamic Model A
L L] . . . - . L] L] . . . . . . - L] . L] . . . . L] . L] L] L] 158



CHAPTER 1 INTRODUCTION

The purpose of this dissertation is to estimate a
capital, 1labour, and energy production model for eleven
Canadian industrial sectors using a time series sample from
1963 to 1984. This is to be accomplished in a two step
procedure. First an energy aggregate with an associated price
index is estimated by assuming the price for energy can be
derived as an explicit function of six types of energy.!
These types of energy are gasoline, fuel o0il, electricity,
coal and coke, natural gas, and liquid petroleum gas. Thus the
price of energy is assumed to be endogenous because it is
derived from the energy types but the price of the various
components are exogenous. Second the derived price for energy
is used along with price series for capital and labour to
estimate both a static model and a dynamic model of input
share equations. In the static model it is assumed that the
firm is able to adjust instantaneously to such things as a
change in relative prices. In the dynamic model it is assumed
that adjustment costs, the formation of expectations, and the
misinterpretation of real price changes may prevent the firm
from adjusting instantaneously.

In the energy submodel in order to derive the aggregate
price for energy it was necessary to assume homogeneity and

symmetry, Hicks neutral technological change (HNTC) and

! As we shall see this is done by assuming that energy is
weakly separable from the other inputs.



2
homotheticity.? Here a static model was assumed and no tests
were performed on the structure of the model. However in the
static and dynamic KLE model homogeneity, symmetry, HNTC, and
homotheticity are tested for using a likelihood ratio test.
This test is based on the idea that if the hypothesized
restrictions are true the value of the likelihood function
with the restrictions cannot be much different from the
likelihood function without the restrictions.? The test
statistic is given by:

LR = -2[ L(R) - L(UR)] ~ x%
where L(R) is the likelihood function with the restrictions
imposed, L(UR) is that function without the restrictions
imposed and n is the number of restrictions.

The features are tested because according to economic
theory the input demand shares must be homogeneous and
symmetric, also it is considered important to identify the
nature of technological change and homotheticity because it
helps to identify the nature of the cost structure. For .
example if we are interested in whether the technology evolves
over time then we test for Hicks neutral téchnological change.

The same test is first used to identify the correct

dynamic structure of the model be it autoregressive, partial

adjustment, static or dynamic. This is so because the

? For a definition of homotheticity see below. Hicks neutral
technological change means that for all factor prices held constant
technological change affects all factors equiproportionately.

> Kmenta Elements of Econometrics p 491.
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autoregressive and partial adjustment models are nested within
the dynamic model, and the static model is nested within the
partial adjustment and autoregressive models.

Once the correct structure of the model is known the
Allen elasticities of substitution (AES) and the price
elasticities of substitution are derived. In the energy
submodel these are used to examine the degree of interfuel
substitution. In both the static and dynamic models the AES
and price elasticities are used to examine the degree of
substitutability among the capital, labour, and energy inputs.
Both are considered to be of important policy iﬁplications.
Take for example the implication of a significant rise in the
price of fuel o0il. 1If the firm is able to easily substitute
another energy type for oil then the increase in cost may not
prove to be inflationary. If on the other hand the firm is
constrained by the other types of fuel being substitutes then
the increase in the price of o0il will be passed onto the
consumer. Furthermore it is considerable interest to know
whether or not capital and 1labour are complements or
substitutes. If the government is consider lowering the
corporate income tax rate then whether or not there will be a
decrease or increase in the firm’s usage of labour depends on
if they are substitutes or complements. This study is
considered to be important for two other reasons. First, as
we shall see there is quite a debate over the AES’s for

various factors, and it is hoped that this paper can
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contribute something to that debate. Second, a dynamic model
is presented and tested against the static, partial
adjustment, and autoregressive: each of these models indicate
the ability of the firm to adjust over time. If they are able
to adjust quickly over time then for things such as tax
changes, accelerated depreciation allowances, investment tax
credits, and fixed wages settlements the 1lag between
implementation and adjustment by the firm will be small.

The rest of this paper is organized as follows. Chapter
2 is a review of the theory of cost and production. Chapter
3 is a literature review. Chapter 4 is an estimation of the
energy submodel. In chapter 5 I present the static KLE model,
while chapter 6 is a presentation of the dynamic KLE model.

Finally chapter 7 concludes.



CHAPTER 2 COST AND PRODUCTION
2.1 The Theory of Cost and Production
2.1.1 Input Substitution and the Production Function

In this paper we are concerned with the theory of
production and cost to the extent that it allows us to derive
an estimable energy submodel and a capital, labour, and energy
factor share model. To this end we present a brief
introduction of the theory of cost and production.

In studying input substitution patterns among capital,
labour, and energy certain assumptions are made about the
extent to which the inputs are substitutable for one another.
Typically the starting point is to assume a production
function which relates the inputs to the maximum attainable
output. It is be denoted by:

Q = £(X) 2.1

where Q 1is output and X is a vector of inputs denoted

(xl,xz,...,xn). The production function is assumed to be real
valued, nondecreasing in the ‘inputs, continuous, and
quasiconcave.

2.1.2 The Profit Function
This production function is used in one of two
optimization problems, profit maximization or cost

minimization. The profit maximization problem stated simply

is:



n

max m(x,p,p) = pf(X) - Y pix, 2.2
i=1

X

where p is the price of output, the p,’s are the input prices,
and X is a vector of factor inputs denoted (x,, ... X ). The

solutions to this problem are the profit function nm(p,p) and

the unconditional input demands x;(p,p). The input demands

are said to be unconditional because they are not dependent on
the level of the firm’s output.

The profit function has the following four properties®:

1) is nondecreasing in p, on(p,p) 2 0, and nonincreasing in

P
P gﬂé;LEl < 0.

p
2) homogeneous of degree 1 in (p,P) .,

n(tp,tp) = tn(p,p) Vt > 0.
3) convex in (p,pP) -
4) continuous in (p,p).
2.1.3 The Cost Function

Rather than dealing directly with the profit function and
the associated production function most studies choose to
introduce its dual, the cost function. This function is found

from the solution to the cost minimization problem given as:

* varian, Microeconomic Analysis p. 46.




min Y p,x,
i

X

- Subject To Q = f(X) 2.3
where p, is the price of the i*™ input and the x,'s are the
factors of production. The cost minimizing inputs can be
written as xu(pﬂ....;%,o) and the minimal value of the cost
function is given as C(p,;+++:P,sQ) = P;X ;(Pysr++++PsQ) + «cnu..
+ px" (P,s+--.P,,Q). There is a duality between the cost and
the production functions. Duality stated simply says that for
any cost function one can derive a unique production function
which in turn can be used to derive the original cost
fuhction.

For any functional form to be a candidate for a cost
function it must be theoretically consistent. This means that
the function must be capable of possessing all the desirable
properties of a cost function.’

The cost function is defined to be theoretically
consistent if it has the following four qualities.® If the
cost function possesses these properties over the whole range
of input prices then it said to be globally theoretically
consistent, if it exhibits these properties for some local

subset of input prices then it 1is said to be 1locally

5 Lawerance Lau "Functional Forms and Econometric Model
Building", in The Handbook of Econometrics Volume 3 p. 1520.

¢ ibid., pp. 1522-1524.



consistent.’” The four properties are:

1) be nondecreasing in input prices with

BC{ Dy s = wu =D, Q)

; 5 = 2.4
xi(pll ple) api
2) be homogeneous of degree one in input prices:
C(tpyse..-tp,,Q) = tC(Pys+..P,,Q) 2.5

3) have input demands that are homogeneous of degree zero

in input prices:
XI(tPun-tPn,Q) = xi(pll"'ple) 2.6

4) be concave in the input prices.

The first property states that the effect of an increase
in factor price on cost depends on how much of the input is
being used. This result is known as Shephard’s lemma.® The
second property states that an equiproportionate increase in
the prices of all commodities will increase costs by the same
proportionate amount.’ The third property states the absence
of money illusion. If all input prices change
equiproportionately, then the cost minimizing bundle will
remain as before.!® The final property implies that the

Hessian of the cost function be negative semidefinite. This

7 ibid., p. 1527.

® vVvarian Microeconomic Analysis p. 54.

° Varian, Microeconomic Analysis pp. 6-49.

10 jpid. pp 6-49.
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assures that function is at a global minimum. Among other
things it also implies that the diagonal elements must be

nonpositive and since by Shephard’s lemma Baﬁc_ = x;(pi, «eeP,/Q)

i
which are the conditional input demand functions (conditional
on the level of output). It follows that

8°C(Pys+++PpsQ) _ OX[(Pys++ PpsQ)

= < 0. In other words the
op’ &Py
| N

input demand functions are nondecreasing in their own prices.
One advantage of using the cost function instead of the
associated production function is that it allows us to
directly derive the Allen elasticities of substitution. These
are a measure of how the ratios of factor usages change in
response to changes in factor prices and are given by:

CCyy

= . 7
04y Tie, 2
where
ac aC
C, = and C,, = 2.8
' Op, 3 9p,dp,

If the AES’'s are positive then the two factors are said to be
substitutes, if they are negative then the factors are
complements. These elasticities are related to the price

elasticities of demand in the following way:
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E;y = 5504 2.9
where S is the factor share of the j*! input. And the factor

shares are derived from the data in the following way:

x;(P,Q
S, = By P 2.10

Y p.x{(pP,Q)

i=1

where }Q(p,Q)'s are the solutions to the cost minimizing

problem. These price elasticities show how a change in the
price of one factor influences the demand for another factor.

One can see that although the o, = o

y 31 in general E,, is not

equal to Eﬁ.
2.1.4 Flexible Functional Forms

In recent years many flexible functional forms have been
introduced as candidates for cost functions in the applied
economic literature. A function is said to be flexible if and
only if it is capable of generating input demands whose price
elasticities can assume arbitrary values, subject to being
theoretical consistent through an appropriate choice of
parameters.!!

One of these functions that has gained wide currency in

the literature is the transcendental logarithmic cost function

3 Lawerance Lau "Functional Forms and Econometric Model
Building", in The Handbook of Econometrics Volume 3 p. 1529.
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(or translog for short) introduced by Christensen, Jorgenson,
and Lau.'? A homothetic version of the cost function is given
as:

n
1nc(pll“'pnIQ) = lnao + 1nQ + Eailnpi

i=1

+ _%EE,Bulnpilnpj 2.11

i=1 j=1

The translog éost function is a second order approximation to
any cost function.

A major advantage of the translog cost function is that
it has share equations that are linear in their parameters,

specifically:

dlnC _ oC P;s _ XiPs

9Inp, Op,C C

= a, + EBijlnpj = S, 2.12
b

where C = Y p,x{(p,Q). And the B,’s indicate the own price

i=1

effects and the Bﬁ's indicate the cross price effects. These

indicate what happens to the share of a given input if its or

1 Christsenson, L.R., Jorgenson D.W., and Lau VL.J.,

"Transcendental Logarithmic Production Frontiers." Review of
Economics and Statistics pp. 28-45.
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another factor price changes.

The AES for the translog cost function are given as:

O, = - 2.13
Si
Bij + SiSj
iy & e 2 2.14
4 S,S;

Before proceeding with a review of the current literature
using flexible functional forms I make a necessary divergence
to discuss some preliminary definitions.

Throughout this paper I make use of a series of key terms
and definitions. These are needed to summarize the literature
as well as to test various hypothesis on the time series

sample of eleven Canadian industrial sectors.

2.2 Separability and Homotheticity
2.2.1 Homotheticity

A production function is said to be homothetic if it is
a positive monotonic transformation of a homogeneous function.
More formally if g(x) is homogeneous and f(x) can be expressed
as H(g(x)) where H’ > 0, then f(x) is homothetic.? If F(X)

is homothetic then the cost function derived from the cost

¥ varain Microeconomic Analysis p. 76.
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minimization problem can be written as:!*

C(Pys+++PnvQ) = A(Py,-..P,)h(Q). 2.15
Where h(Q) is a monotonically increasing function.of Q.
2.2.2 Separability

Consider a production function Q = £(X) = £(x,,X,,...,X,),

now partition the factors into r mutually exclusive and

exhaustive subsets [N,,..... (N.] call this partition R. The

production function f(X) is said to be strongly separable if

and only if:

Egifgﬂ =0ieN, jeN, keN |J N 2.16
where the F,’s are the partial derivatives of f£f(X) with
respect to the x,’s.?

The production function is homothetically weakly
separable with respect to the partition R if the marginal rate
of substitution between any two inputs x, and Xy from any
subset N, m = 1,2, ... r is independent of output and the

quantities of inputs external to N, i.e.?®

(%) _ o, i,9eN keN 2.17
I\ T T : '

4  varian Microeconomic Analysis p. 337.

a5 Blackorby, C., Primont, D., Russell, R., "On Testing
Separability Restrictions With Flexible Functional Forms." Journal
of Econometrics 1977 p 197.

16 jbid. p 197.
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This is necessary and sufficient for the production function
to be of the form F'(x,/,....x/) where x/ is a positive

strictly quasiconcave homothetic production subfunction i.e.

x| = f(x,), 1 e N, 1 =1,2,...n 2.18

If the production function is homothetically weakly
separable in the partition R then the corresponding cost

function has the same partition in input prices, that is:
_ / /
C - C(pliouopm,Q) 2019

Where the input prices are positive strictly quasi-concave

homothetic functions of any elements in N i.e.

p. =g.p,), i €N, m=1,2,....r 2.20

In what follows I shall present a review of the current
literature on input substitutability using flexible functional
forms for capital, K, labour, L, energy, E, and in some cases
materials, M (KLEM). These studies include Griffon and
Gregory's study using pooled data from nine OECD
industrialized countries; Fuss’'s pooled data for Canadian
manufacturing; the Berndt and Wood study for United States
manufacturing; Anderson and Blundell’s study for the American
industrial sector; and Friesen who extends the United States
data set of Berndt and Wood. All of these studies with the
exception of Friesen and Anderson and Blundell are static in
nature which is to say it is assumed that firms are able to

optimize their input decisions instantaneously.
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CHAPTER 3 LITERATURE REVIEW
3.1 The Berndt and Wood Study

I present Berndt and Wood’s time series study first
because it began the capital energy substitute/complement
debate. As we shall see the authors find energy and capital
to be substantial complements, whereas other studies find them
to be substitutes.

In a study on the demand for energy Berndt and Wood note
that the demand for energy is essentially a derived demand:
the firm’s demand for energy as an input is derived from the
demand for the firm’s output.!’” Since the firms act as cost
minimizers the derived demand for inputs depends on the level
of output, the substitution possibilities allowed by the
technology and the relative prices of each input.?!®

The authors note that previous studies have either
focused solely on the level of output as the determining
factor for the demand for energy, the accelerator theories; or
on neoclassical studies which focuses on output and the prices
of capital, labour, and energy. At the time of writing the
article, Berndt and Wood were unable to name a study which
explicitly investigated cross-substitution possibilities

between energy and nonenergy inputs.

17 Ernst R. Berndt and David O. Wood "Technology, Prices, and
the Derived Demand for Energy." In The Review of Economics and
Statistics p.259.

% ibid. p. 259.
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The degree of substitution between energy and non energy
input substitution has important policy implications. Suppose
for example that there is a rise in the price of energy, what
is the effect on capital investment? If energy and capital
are substitutes, then the higher price for energy will
increase the demand for capital, if they are complements, then
it will reduce the demand for capital services. Whether
capital and energy are complements or substitutes has
important policy implications which have to be taken into
account when the government is considering such things as an
investment tax credit, accelerated depreciation allowances, or
changing the marginal rates of taxation.
3.1.1 The Assumed Technology
To examine the level of substitution between capital,
labour, energy, and materials Berndt and Wood assume that
there exists for the United States a twice differentiable
aggregate production function Q relating the maximum
attainable output to the inputs K (capital), L (labour), E
(energy), and M (materials). Under duality there exists a

corresponding cost function:
C = C(pxllepglpMIQ) 3.1
Their choice for a cost function is the translog which is

given as:

InC = lna, + 1nQ + oypy + a;lnp, + a;lnp, + a,lnp,

+ 1/2y(1npy)? + ylnplnp, + ylnplnp, + y.lnp.lnp,
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+ 1/2y,,(1np)? + y,1lnp lnp, + y,1lnp lnp, + 1/2y_(lnp.)?

+ Yglnpglnp, + 1/2y,,(1lnp,)? 3.2

The following restrictions must hold for linear homogeneity

and symmetry:

Yis = Y31

Qe + Q + Qp + Ay = ]

Y * Yo * Yo * Yo = O

Yo * Yie * Y * Yix = 0

Yee * Yer * Yew * Yex = O

Yor * Yux * Yor * Y = O 5

3.1.2 The Share Equations
The input demand shares are derived by logarithmic

differentiation and an application of Shephard’s lemma:

dlnC oc by xIpi
= - = = .4
olnp, op, C C % .

These share equations are expressed as:

Sg = g + YlNPg + Y lnP, + yglnPy + yglnP,

Sy = a; + yglnPy + y1lnP, + ylnP; + y,lnP,

2]
1
]

0, + Y lnP, + ¥ 10P, + Y 1lnP. + Y,lnk,

0
3
n

Oy + Yl NPy + ¥odDPp # Y lhPe + YudNPy 3.5

Assuming that deviations in cost shares are the result of
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random errors made in the cost minimizing behaviour the
authors add to each share equation a random error term.!®
Because the input shares by definition always sum to unity the
sum of the disturbances across all four equations is zero at
each observation.? This implies that the disturbance
covariance matrix is singular and nondiagonal.?! In order to
avoid this problem one equation is omitted from the
econometric estimation.

Berndt and Wood apply iterative three stage least squares
estimation, with linear homogeneity imposed on the prices, to
data for U.S. manufacturing f&r the period 1947-1971. They
find that energy and labour are slight substitutes with o,
equal to about .65; energy and capital display substantial
complementary with oﬁ equal to -3.2; and they estimate o, to
be 1.01.

3.2 The Griffon and Gregory Study

I next examine the work of Griffon and Gregory who 1
attempt to validate the time series results of Berndt and
Wood. In their effort to examine the validity of the time
series models of capital, labour, energy, and material
substitution Griffon and Gregory present a study using pooled

data for manufacturing for nine industrialized countries.

19 Ernst R. Berndt and David O. Wood "Technology, Prices and
the Derived Demand for Energy." In The Review of Economics and
Statistics p. 261.

20

ibid. p. 261.

21 jpid. p. 261.
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Typically the literature assumes negligible substitutability
opportunities between energy and material vis-a-vis capital
and labour inputs.?

Using a capital, 1labour, energy, and materials study
(KLEM) of US manufacturing for the time period 1947-71 Berndt
and Wood find that energy is a substitute for labour and a
complement for capital. These are short run results and it is
plausible that capital and energy may in the 1long run be
substitutes as higher efficiency machines take the place of
energy using equipment.

To examine the validity of these findings Griffon and
Gregory examine pooled international data for manufacturing.
To circumvent the problems of limited price variation and the
capturing of short run responses, they estimated a translog
cost function from international data (1955-69) for the
manufacturing seétor of nine industrialized countries.?
3;2.1 The Assumed Technology

The authors assume that for the manufacturing éector
there exists a twice differentiable aggregate production
function relating the maximum attainable output Q to the level

of inputs K,L,E, M:

22 James M. Griffon and Paul R. Gregory. "An Intercountry
Translog Model of Energy Substitution Responses." The American
Economic Review p. 845.

22 jpid. p. 845.
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Q = £(K,L,E,M,t) 3.6
where t is a time index. The dual of this function is the
cost function which may be written as:

C = C(pxIlepElpMIQIt) 3.7

The authors assume the existence of a homothetic
aggregator consisting of capital, labour, and energy which is
weakly separable from materials.? Thus 3.7 may be rewritten
- as:

C = C(Cl(pxllepE)lpMIQIt) 3.8

This aggregator function is written as:

lng = lna, + Y alnp, + 1/2} Y Blnp,lnp, 3.9
i=1

i=1 =1

Where i,j = K,L,E. This equation gives rise to three input
demand shares, however the specification of any two completely
determines the model because the system is singular. The

authors use the following two equations:

SK

ay + BelnDy + B lnp. = (B + By )lnp: 3.10

S, a, + Bainp, + B lnp; - (B + Buw)inp, 3.11

These equations are used to derive the Allen elasticities of
substitution and the price elasticities. The AES are as
before. The own price elasticities are given as:

Eyy = S04 3.12

26 jbid., p 848.
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Empirically the authors find estimates of o that range
from .72 in Denmark to .87 in Belgium and U.S. They also find
o, that range from 1.02 to 1.07 which means capital and energy
are substitutes, these results contradict those obtained by
Berndt-Wood who find them to be complements. The capital
labour elasticities range from .39 to .52 but are not
statistically different from =zero. In addition to these
results the own price elasticities were negative and in line
with other studies.
3.3 The Fuss Study

In a Canadian study of energy substitutability and
complementary, Fuss presents a two level model in which an
aggregate energy price index is constructed from estimating a
translog form of the six types of energy components. This
index in turn is used in a second stage to estimate a KLEM
model. This study is useful for two reasons: first, it
contributes to the capital energy substitute/complement debate
and second it offers a means for comparison for this capital,
labour, energy (KLE) study.
3.3.1 The Assumed Technology

In the 1977 study Fuss examines the role different types
of energy plays in a production process. Prior to this, most
applied econometric work on input substitution has been
concerned with the AES between the two factors of capital and
labour using the constant elasticity of substitution

production function. Fuss uses a flexible functional form.
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This function allows for the use of many inputs but it is
sometimes troubled with multicollinearity problems. In
" addition to these problems the function can be burdensome
computationally. This problem is avoided by imposing a priori
restrictions on the parameters, namely that the production
function is weakly separable in labour, capital, energy, and
materials.?

Fuss assumes the following production function:

Q = f(Ell'..En’Lll...Ln’Kll...Kn’Mll..Mn) 3.13

which is further assumed to be weakly separable in KLEM i.e.:

Q = g(E(E,,..E,),L(L,..L ) ,K(K,,..K),
M(M,,...M)) | 3.14

By hypothesizing separability Fuss arrives at two simplifying
results. First under weak separability an aggregator function
exists. Second this implies a two stage optimization process:
optimize the mix of components within each aggregate, then the
level of each component. Fuss uses this fact to justify the
construction of a submodel of energy components.

He starts with the second stage, the demand for aggregate
inputs:

Q = £f(X,L,E,M) 3.15
Further assuming that duality holds he arrives at the cost
function:

C = C(P,,P,,P,,P,,Q) 3.16

?* For a definition of weak separability see above.
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where the notation is as before.

The following cost function is postulated:

InC = lna, + Y 1np, + a,lnQ + Y ¥ y,,1np,lnp, +
i i 3

Y v,olnQlnp, + 1/2y4,(1nQ)? 3.17
i

This function allows us to arrive at the following static

input share system:

S, = a, + Y y,lnp, + y,1nQ 3.18
i

The adding up restrictions and the tenets of neoclassical

theory imply:

Ya =1 3.19
i

E'Yij = Z'Yij =0 S
i ]

Y v =0 3.21
3

Yi3 = Y 3.22
3.3.2 The Energy Submodel

The sub model consists of energy being an aggregate of
six components. These are gasoline, fuel o0il, electricity,
coal and coke, natural gas, and liquid petroleum gas. It is

assumed that the firm will choose the mix of energy types
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which minimize the total cost of energy subject to the
constraints imposed by the technology and the ability to
substitute one energy type for another.?® Thus the price of

aggregate energy is assumed to be endogenous but the price of

the underlying components is exogenous. This submodel is
given as:

now imposing homothetic weak separability we arrive at the
following form of the production function:

Q = g(E(E,,...E)),L,K,M) 3.24
As we have already noted the corresponding cost function is
also weakly separable:

Q = Q(Pg{Pgys »onPy ) ¢PrrPisPys) 3.25

Where P, is an aggregate price index. This is not a simple
weighted average of all energy components unless all E,'s are
perfect substitutes or complements.

Fuss assumes that P, can be represented in a translog

form:

lnp, = lng, + Eﬁilnpm + 1/22j213ijanmlanj 3.26
i i3

This leads to the following input share system:

Sgs = By + EBijlnpgi 3«27
3
%  Melvyn Fuss "The Demand for Energy in Canadian
Manufacturing: An Example of the Estimation of Production

Structures with Many Inputs", Journal of Econometrics 1977.
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Again the restrictions of neoclassical production theory

imply:

EBU = ):/331 = 0 3.29
1 3

Biy = Bys 3.30
Estimation of the submodel is now accomplished by the
following two step procedure. First the system of 3.25 is
estimated subject to the restrictions outlined above then the
estimates of the B,’s and the Bu’s are used to obtain an
index for the price of energy factors. Second we estimate
3.18 subject to the homogeneity and symmetry constraints
using the fitted values of P,.

3.3.3 The Empirical Results

Fuss estimates the following model using pooled time

series data (1961-1971) and cross sectional data from four

Canadian regions.

S; = a, + Y y,lnp, + y,lnQ + U, 3.31
3

where j = K,L,E and

Sgs = By + E‘Bijlani + Ve 3.32
1

where i = 1, ... 6. And U and V are vectors of random

disturbances assumed to be identically independently
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distributed.

At the level of the subfunction Fuss reports that all the
own price elasticities are negative with the exception of
motor gasoline, and that there appears to be a great deal of
interfuel substitution.? For coal, liquid petroleum gas,
fuel o0il, and motor gasoline, the own price elasticities are
less than -1 and the cross price elasticities are positive and
in some cases substantially so.

At the aggregate level Fuss reports three results.
First, of all the own price elasticities are negative and
significantly different from zero. The AES's suggests that
some complementary exists between energy and materials and
energy and capital. This supports the Berndt and Wood study
but not the Griffon Gregory study. Second, all aggregate
factors have own price elasticities of demand which are in the
inelastic range. In most cases they are less than .3 in
absolute value. And finally the estimated capital labour
elasticities are similar to those obtained by other studies.
3.4 The Anderson and Blundell Dynamic Study

So far I have considered static models: models in which
it is assumed that the producer can adjust instantaneously to
changes in such things as relative prices. If we consider
adjustment costs, the formation of expectations, and the
misinterpretation of real price changes fhen it may be more

appropriate to try to use a dynamic specification of the input

27 ibid. pp. 113-114.
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share model in which firms take time to adjust to these
changes. Anderson and Blundell accomplisﬂ this by including
lagged endogenous and exogenous variables as regressors in the
share equations.

They note that there have been many examples where
empirical work rejects restrictions from economic theory such
as homogeneity and symmetry. This is of great concern to
theoretical economists who see fundamental postulates of
economic theory being challenged. Anderson and Blundell
believe the root of the problem is that little attention is
being paid to the dynamic structure of the models being used.
3.4.1 The Model

They explore the possibility of estimating and testing
models within a general dynamic specification of a singular
demand system. This nonstochastic singular equilibrium input
demand share system takes the form:

S(t) = f£((x(t),0) 3.33
which can be nonlinear. And where S(t) is a n X 1 vector of
shares in total expenditure of factor classifications, and the
vector function f( ) depends upon x(t) which are a series of
deterministic variables which vary over time and a J X 1
vector of parameters 0 assumed constant over time. A linear
version of this equation representing the translog technology
may be written in a stochastic specification as:

S(t) = IM(0)x(t) + u(t) 3.34

where wu(t) is a vector of identically independently
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distributed error terms with mean 0 and constant variance and
I is a n X n matrix of parameters. If we assume that x(t)

takes the translog form the adding up restrictions imply:

1'Te) = (1, Oy 0ycenssl) 3.35

i’u(t) = 0 for all t 3.36

Where i is the unit vector and the zeros represent the adding
up restrictions for homogeneity while the one represents the
restrictions for the intercept parameter. This represents a
static model. A dynamic model may be written using a lag
operator, L, to allow the firm to adjust to changes in such

things as relative prices over time:?®

B(L)S(t) = I'(L)x(t) + e(t) 3.37
where

B(L) = 1 + BjL + BJL> + ... + BJLP 3.38

r(L) =1 +TIL+ L+ ...+ LI 3,39

where the B!’s and TI''’s are the parameters to be estimated.
Equation 3.37 can be reparameterized to give a set of
equations of the form:*

As(t) = -B(L)As(t) + I'(L)Ax*(t)

26 G. J. Anderson and R. W. Blundell "Estimation and
Hypothesis Testing in Dynamic Singular Demand Systems."
Econometrica p. 1562.

2 For a complete derivation of this see Anderson and Blundell
"Estimation and Hypothesis Testing in Dynamic Singular Systems".
Econometrica pp. 1563.
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-B(1)(S(t-p) - Bx(1)7T(1)x(t-q)) + e(t) 3.40
which can be expressed as:*°
AS(t) = -B(L)AS(t) + I'(L)Ax*(t)
- A(S(t-p) - I(O®)x(t-q)) + e(t) 3.41
where I'* is I' with the first column deleted and x* is x with
the first element deleted. The dynamic, partial adjustment,

autoregressive, and static models can be derived from this
equation.? The restrictions that must hold in order for
this to be true are given in Table 3.1 at the end‘of this
chapter.

The dynamic model is given as:

AS(t) = TAx*(t) - A™(S (t-1) -

Ox(t-1)) + e(t) 3.42
The static model is represented by:

S(t) = IIx(t) + e(t) 3.43
The static model with autoregressive errors is given by:

S(t)

Ix(t) + u(t) 3.44
where

u(t) = Ru(t-1) + e(t) 3.45

Finally the partial adjustment model is given by:
As(t) = M(IIx(t) - S(t-1)) + e(t) 3.46

Each of the autoregressive and partial adjustment models are

30

ibid., p. 1562.

3 ibid., p. 1563.
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nested within the dynamic model: the static model in turn is
nested within the partial adjustment and autoregressive
models.

These models were estimated with and without symmetry for
annual time series data on U.S. manufacturing from 1929 to
1971. All of the symmetry restrictions were rejected. The
autoregressive, partial adjustment, and static model are all
rejected in favour of the dynamic model. Anderson and Blundell
feel that the postulates of symmetry and homogeneity have not
been validated because the likelihood ratio tests have all
been rejected.

3.5 The Friesen Dynamic Study

Friesen extends the data set of Brendt and'Wood, using
annual American data from 1947 to 1991, and tests the dynamic
structure of factor demands in the U.S. She argues that the
current static models are misspecified and presents tests
which appeal to the empirical data. To accomplish this she
uses an alternative form of the dynamic model developed by
Anderson and Blundell. = She refers to this as the error
correction model and it is essentially the Anderson Blundell
model with the addition of more regressors.

This study is of interest for two reasons. First there
are a number of studies using the Berndt Wood data set which
employ a restricted cost function method. A number of these
studies involve the energy-capital complement/substitute

debate and the results of this study may shed new light on
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this debate.’® Secondly the error correction model in and of
itself may provide a useful alternative to the static models.

The advantage of the error correction model is that it
allows the data to determine the dynamic specification of the
cost structure. It accoﬁplishes this because the
autoregressive, partial adjustment, and static modOels are
special cases of the error correction model.

Before proceeding to the empirical analysis there are two
key assumptions that Friesen makes about the model. One,
that there is a set of variable factors which are adjusted
fully within a single period to their cost minimizing level,
conditional of the levels of quasi-fixed factors. Two, the
levels of quasi-fixed factors are predetermined‘with respect
to the variable factors.?

3.5.1 The Model
The model presented to test the instantaneous adjustment

variable cost shares is given as:

n
S; = by + Y bylnpy + by lnk,,
J

+ b,lnQ + b, ln(t) 3.47

where i,j = K,L,E,M and S,, is again the factor demand shares,

32 Jane Friesen Testing Dynamic Specification of Factor Demand

Equations For The U.S. Manufacturing. The Review of Economics and
Statistics p. 240.

¥ ibid. p. 241.
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p,, is the price of the j*™ factor, k . is the previous period

t-1
capital stock, Q is output, and the bﬁ’s are parameters. This
share equation does not impose homogeneity, symmetry, or
homotheticity and represents nonneutral technical change.?

The general first order dynamic model developed by

Anderson and Blundell is given by:

AS(t) = TAx*(t) - A"(S (t-1) -

Ox(t-1)) + e(t) 3.48

where AS, is a vector of first differences of factor shares,
Ax*t is a vector of first differences of regressors, excluding

the intercept term, x is a vector of lagged values of all

t-1
regressors, including the constant term, I and A" are
coefficient matrices and II is a matrix of steady state
coefficients (ie) those in 3.47 above.®®

In order to generate a nonsingular system one equation is

deleted from the above system of equations. The model to be

estimated is then:

AS; = TAX, - C*(S,, - IIX,,) + ¢* 3.49

t
where C" is:

Coy—Cue C.;—C
cr=| ™™ E | 3.50
Cn~Cie Cr.Cie

24 Jane Friesen "Testing Dynamic Specification of Factor
Demand Equations For The U.S. Manufacturing." The Review of
Economics and Statistics p. 241.

%  jbid. p. 241.
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This deletion is the same as deleting a row in C*

corresponding to the element S _, which is the deleted share

equation and also requires the deletion of the row B(0)
corresponding to the same element.’® The following would be

a typical equation of 3.49:
Sit = Sipa ™ Yu(1NDy = 1NDy.5)
+ Yy (1lnpy, - lnpy.,)
+ ¥ie(1lnp,, = 1INp;. ;)
+ ¥y, (1ny, - 1lny,,)

+ yv,.(ln(t) - In(t-1))

+

'F;u
o

g
&

C;. 11np,.

CILbLM ] 1 ant =1

+
‘a
&

o
&

+

CILbLE J1npg,

+
‘a
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]

+

+ [Ci b *+ Cibillnk,,

+
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+

% jbid. p. 242.
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*

+ Cobyr + Cyb,lln(t-1) + e - 3.51

The model is estimated using annual time series data from
1947-1991. To test the results of instantaneous adjustment
maximum likelihood methods are used. In addition to this
Friesen tests the exogeneity of input prices and output using
a method developed by Greke.?¥
3.5.2 The Empirical Results

The first static model Friesen estimates treats capital
as quasi-fixed , and energy, labour and materials as variable
inputs. This model is obtained by imposing the following set

of restrictions on 3.49:

CIi =1, CI;\ = 0, ¥y = by, Yy = by

Yiy = DPiyr Yie = Dy 352
In addition to the above tests likelihood ratio tests were
performed on the share equations with symmetry, neutral
technological change, and homotheticity being imposed.

For the model the exogeneity of input prices and output
was rejected. The model was then reestimated using three
stage least squares’ with 1lagged exogenous variables as
instruments. Again the model is rejected for both the
instantaneous and symmetric versions. However for
homotheticity and neutral technological change the model was

not rejected. If symmetry is added to the model with these

Y  jbid. p. 242.
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restrictions then the new model is rejected.
Friesen now turns from the static model to the error
correction model, in effect assuming that not all of the
variable shares will not adjust instantaneously. The model

that Friesen uses to test this is:
Sie = Siea = -Ym(lnpm - 1npy.,)
* Yy (1npy, - 1np..,)
+ ¥ (1npg, - 1npg. ;)
+ Y (1nK -1nk, ;)
+ ¥ (1ln(t)-1n(t - 1))
= CuSuer = CipSpen
= CigSgen ~ CixSgea
+ Cyby + Cyby + Cyby
+ [Cubuy + Cybuy + Cigbpy + Cixbg 1 1nPy,
+ [Civbye * Cypbyp + Cygbgy + Cypbpe ] 1npy,
+ [Cibyx + Cybrx *+ Cigbpx + Cixbyg] 1NPge
+ [Cybye + Cyubrg + Cigbgr + Cygbee]1npg,
# [Cpdhiy # Cybiy + Cigbpy + LB ]1ny,

+ [CyyDyr

+

C. b, + Cupbyy + Cpb]ln(t-1) 3.53

The static, partial adjustment, and autoreggressive models are
nested within 1.102. Namely:

i) y,y = b,; autoregressive 3.54
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ii) y, = Y Cb,, partial adjustment 3.55
k

iii) i) or ii) and C = 0 C,, = 1 static 3.56

Friesen begins with the most general representation and
adopts the following strategy. First homogeneity, and
homogeneity and symmetry are tested. Second the static,
partial adjustment, and autoregressive models are tested. The
results of these tests are as follows: the partial adjustment
model is rejected; the autoregressive model is accepted at the
1% level but not at the 2.5% level; and the static model is
also rejected when tested against the autoregressive model?®®

The autoregressive model is then considered to be the
appropriate model. Homotheticity and neutral technological
change are then tested and rejected as are homogeneity and
homogeneity and symmetry.

Next Friesen examines some elasticity estimates generated
by the error correction model. She notes that previous
studies on the Berndt and Wood data set are able to generate
negative own price elasticities. She concludes that all three
models are unable to generate negative own price elasticities.

In summation Friesen notes that the error correction
model does not perform well in the sense of rejecting
homogeneity and homogeneity and symmetry as well as not being

able to generate negative own price elasticities.

¥ ibid. p. 243.
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3.6 Summary of the Literature Review
The results of estimating the static model are
contradictory in the sense that Berndt and Wood as well as
Fuss find energy capital complementary while Griffon and
Gregory find substitutability. This could be for a number of
reasons including different data sets and approaches to
measuring input quantities and prices and varied treatments of
excluded inputs and distinctions between short and long run
elasticities.

In the Berndt Wood study as well as the Fuss study
homogeneity and symmetry are assumed and not tested for so we
do not know whether the theory is violated or not.

Furthermore the dynamic model does not 1in general
outperform the static model in terms of accepting the tenants

of neoclassical theory, namely homogeneity and symmetry.
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Table 3.1 Restrictions on the First Difference Model

B, =1Vs, ' =11Vs Static Model

s

B(L) =0, A=0, I, =1,

and T, = 0 for s 2 1 Dynamic Model

r(L) = (1 + B(L)HIL,, p =4 Static Model with
Vector Autoregressive
of Order »p

E, = AHI, and p=q =1 Partial Adjustment

Model
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CHAPTER 4 THE ENERGY SUBMODEL

The methodology followed in this Capital, Labour, and
Energy study of eleven Canadian Industrial sectors is a two
step procedure. As a first step I estimate an energy submodel
by assuming that energy 1is weakly separable from the
production function. As a second step I estimate a dynamic as
well as a static capital, labour, energy input share model.
Both models are estimated in a multivariate regression with
the same independent variables on the right hand side of the
equation and identically independently distributed error terms
using iterative generalized least squares in SHAZAM.*® This
can be expressed as:

S, = ay + B X, + BX, + ...+ B X, + g,

S a, + BpX, * BXy, * oo + B, + €, 4.1

n
4.1 The Model

The energy submodel consists of energy being an aggregate
of six component types. These are gasoline, fuel oil,
electricity, coal and coke, natural gas, and liquid petroleum
gas. Details of the data construction are given in Appendix

A while the list of the various industries is given in Table

¥ Kmenta Elements of Econometrics pp. 607-616.
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4.1 at the end of this chapter.* The data set was chosen
from a time series sample of twenty Canadian industrial
sectors from 1963 to 1984 which was narrowed to eleven
industries because the series on coal and coke and natural gas
were not continuous.
4.1.1 The Assumed Technology

I construct the energy submodel by assuming the following
technology:

Q = f(E]_I”'EnILIK)’ 4.2

Now imposing homothetic weak separability we arrive at the

following form of the production function:

Q = g(E(E,,...E)),L,K) 4.3
Where E(E,, ... E ) is an energy aggregate that is homogeneous
of degree one in its arguments. The corresponding cost

function is also weakly separable:

C = C(pg(pgll°"pgn)llepKIQ) 404

Where p, is an aggregate price index defined by a function
P.(P;s +.. Pg) that denotes the minimal unit cost at prices
(Pgyr +++ Pg), Oof the energy aggregate.

I assume that P, can be represented in a translog form:

Inp, = 1nB, + Y B,lnp, + 1/2) Y B,,lnp.,lnp, 4.5
i i 3

4  The data come from three Statistics Canada publications
which are, Consumption of Purchased Fuels and Electricity, Fixed
Capital Flows and Stocks, and Manufacturing Industries of Canada.
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This leads to the following input share system:

SEi = Bi + Zpijlnpgi 4.6
]

The restrictions of neoclassical production theory imply:

Eﬂi =1 4.7
i

Zpij = EBji =10 4.8
i ]

Bij = Bji 4.9

The system of 4.6 is estimated subject to the restrictions
outlined above then we use the results of this estimation to
arrive at an estimate of lnp, (actually ln(p./B,))-.

I estimate the following model using time series data

(1963-1984) for the eleven Canadian industrial sectors.

Ses = By + Y Bylnpy + V. 4.10
i

where V is a vector of random disturbances assumed to be
identically independently distributed. Since the input demand
shares by definition sum to unity the system of equations as
presented are singular. To compensate for this one equation
is deleted from the system. I arbitrarily delete the sixth
equation; this corresponds to the liquid petroleum gas fuel
type.

4.1.2 The Empirical Results

The results of the estimation for the eleven industries
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are given in tables B.l1 to B.1ll in Appendix B. The t ratios
for each coefficient are all quite reasonable indicating that
the majority of the coefficients are significantly different
from zero. The R? are for the most part quite high indicating
a rather good fit for each equation. And the Durbin Watson
test statistics are all rather low indicating the presence of
serial correlation suggesting that a more dynamic approach may
be in order for this data set.

4.1.3 The Allen Elasticities of Substitution

These results together with the input share values allow us to
calculate the Allen Elasticities of Substitution (AES) as well
as the price elasticities ( the input shares equations are
taken at their mean). The standard errors for these variables
were not computed due to the nonlinearities involved. I
present the results of these calculation in Appendix C where
table C.1 indicates the fuel types and tables C.2 to C.12
present the AES’'s.

There are some restrictions placed on the AES matrices by
economic theory. Theory states that the AES matrices should be
negative semidefinite and sinqular. A necessary but not
sufficient condition for the negative semidefiniteness of a
matrix is that all of the diagonal elements of that matrix be
nonpositive, this implies that all the o,,’'s are nonpositive.
A sufficient condition is that all nonzero characteristics
roots are negative. A cost function is said to be globally

concave if the AES matrices are negative semidefinite for all



43
the input prices. 1In this paper I examine them only locally
for the mean of the prices.

For the rubber and plastics industry some of the o, ’'s are
positive therefore these results do not conform with economic
theory. Apart from this 22 of the remaining AES’s are
positive indicating a high degree of interfuel substitution.

Note that all except one of the o,’s are negative for the
wood industry and that 18 of the remaining 30 are positive
suggesting only a moderate degree of interfuel substitution.

In the furniture and fixtures industry all of the own
price elasticities are negative indicating the results do
conform with part of economic theory. Whereas 18 of the
remaining elasticities are positive indicating only a moderate
degree of interfuel substitution.

For the paper and allied industry all of the diagonal
elements are negative indicating that the results are in
agreement with part of economic theory. Otherwise 18 of the
remaining 30 Allen elasticities of substitution are positive
indicating a moderate degree of interfuel substitution.

For the primary metals industry the tenets of
neoclassical theory are again violated as not all of the own
price elasticities are negative. 1In addition to this 18 of
the remaining 30 AES’'s are positive which indicates a moderate
degree of interfuel substitution.

The results for the AES for the metal fabricating

industry are not in agreement with economic theory as not all
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of the diagonal elements are negative. In addition to this 18
of the remaining 30 AES’s are positive which shows an average
degree of interfuel substitution.

Once more, for the machinery industry not all of the o,,'s
are negative which is in direct conflict with economic theory.
Apart from this only 16 of the remaining elasticities are
positive suggesting a moderate degree of interfuel
substitution.

Again for the transportation equipment industry we find
that all of the own AES’s are negative which does conform with
economic theory. Apart from this 20 of the remaining 30
elasticities are positive indicating a high degree of
interfuel substitution.

For the electrical products industry not all of the
diagonal elements are negative indicating that neoclassical
production theory is not validated. Otherwise 16 of the 30
AES’s are negative indicating a moderate amount of complements
in the electrical products industry.

Economic theory is validated for the non-metallic mineral
products as all of the own price elasticities are negative.
Oof the remaining 30 AES’s 24 are positive indicating a high
degree of interfuel substitution.

Once more not all of the o,,’s are negative in the chemical
and chemical products industry indicating that economic theory
is not validated. Apart from this 22 of the 30 other

elasticities are positive indicating a high degree of
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substitutability.

In summation the results of estimating the Allen
Elasticities of Substitution are rather poor. The fact that
for 8 of the 11 industries the on;s are not all positive
indicates that these results do not conform very well with
economic theory. Apart from this the results do indicate a
moderate degree of interfuel substitution. Also the results
do conform with Fuss’s study which used aggregate pooled data
for the entire Canadian industrial sector. Fuss finds not all
of the own price elasticities are negative but all of the
other AES’'s are positive.

4.1.4 The Characteristic Roots

The characteristics roots are summarized at the end of
this chapter in Table 4.2. 1In all of the industries one of
the roots is zero indicating that the matrices are singular.
However, in none of the industries are all of the roots all
negative indicating that none of the matrices are negative
semidefinite which means none of the underlying cost functions
are concave. The degree to which concavity is violated can be
determined by examining the roots and their magnitude.

In the rubber and plastics industry there are two
positive roots with one being substantially so indicating that
concavity is strongly violated. 1In the wood industry two of
the roots are positive but only moderately so indicating
concavity is not strongly rejected. For the furniture and

fixtures industry one root is positive but small therefore
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concavity is only mildly rejected. For the paper and allied
products industry only one root is positive and relatively
small so concavity is again mildly rejected. In the primary
metals two roots are positive but not substantially so
indicating that concavity is not strongly rejected. 1In the
metal fabricating industry two of the roots are positive but
not substantially so indicating that there was not a strong
violation of concavity. For the machinery industry two of the
roots are again positive with one being moderately so
indicating concavity 1is moderately rejected. In the
transportation industry two of the roots are positive but to
the extent that concavity is only violated moderately. The
electrical products industry has one large positive root
indicating that concavity is strongly rejected. 1In the non-
metallic minerals industry there are two very small positive
roots indicating that concavity is only moderately rejected.
Finally in the chemical and chemical products roots there is
one very small positive root indicating that concavity is only
moderately rejected. We now turn our attention to the
price elasticities. Recall the relationship between the AES
and the'price elasticities of substitution:

E,, = §,0,,. 4.11
Since the factor shares are always positive the own price
elasticities are a positive monotonic transformation of the
AES. Therefore all of the signs of the E,,'s are as that of

the AES’s, and the only change in the price elasticities is
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the magnitude. Little can be gained by commenting on them
directly so they are relegated to appendix D in tables D.1 to

D.11.
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Table 4.1 The Industrial Sectors

Industry Number Industry Name

kI Rubber and Plastic Products

8. Wood

9. Furniture and Fixtures

10. Paper and Allied Industries
125 Primary Metals

13. Metal Fabricating

14. Machinery

15. Transportation Equipment

16. Electrical Products

17. Non-metallic Mineral Products-

19. Chemical and Chemical Products
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Table 4.2 Characteristics Roots for the AES matrices

industry A, A, A, A, A, A,
Rubber and

Plastics 3353.1543  -123.8595 -37.4014 4.0882 -11.9963 .0000
Wood -502.3405 -13.1805  8.0952 -6.6081 .0000 2.4245
Furniture and

Fixtures -161.7070 -47.4789 27.1523 -11.1209 .0000 -.2288
Paper and Allied

Products -125.5846 -93.7660 -19.7273 -11.7891 .0000 .3881
Primary Metals

Metal -87.1548 -50.1776  20.6743 -7.7537 .7829 .0000

Fabricating -424.6187 77.9413 -17.4258 2.9923 .0000 -11.8983

Machinery -154.8941 117.9635 -26.7503 2.7044 -10.3359 .0000
Transportation

Bquipment -66.5931 27.8324 -18.0560 -8.7714 .0000 .2978
Electrical

Products -1047.7547 148.5022 -22.1239 -6.6652 .0000 -2.8918



Table 4.2 continued

industry A A, A, A, A, A
Non-metallic

Minerals -21.7082 -11.1216 4.3460 -2.6688 .4120 .0000
Chemical and

Chemical Products -34.6455 -14.9642 -6.1951 2.1190 .0000 -.4220

oG
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CHAPTER 5 THE STATIC MODEL

5.1 The Model
The second stage of this study is the estimation of the
KLE model. This model is estimated in two ways, the static
model and the dynamic model. In chapter 5 we estimate the
static version while in chapter 6 we estimate the dynamic
model. In estimating both models tests are performed for
HNTC, homotheticity, homogeneity, and symmetry. Again a
multivariate regression analysis 1is done using iterative

generalized least squares with the model being:

Sy

]

A * ByX, + oo + BnK + e,

S, = @y + ByX, + ... + BnX + e, 5.1
where the error terms are identically independently

distributed.

For the static method it is assumed that there exists a
twice differentiable production function for each of the
eleven industrial sectors. This function is assumed to be
weakly separable in the six types of energy. This function
can be represented as:

Q = £(E,,...EzL,K) Bia2
with homothetic weak separability the following production
function is arrived at:

Q = g(E(E,,...Eg),L,K) 5.3
The corresponding weakly separable cost function is:

C = C(Pg(Pgs -+ -Pg) sPLsPrsQ) 5.4
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I choose the following quadratic translog representation of

53¢

InC = a, + alnQ + Y a,Inp, + 1/2Y Y B, 1np,1np,
i i3
M EBQianlnpi + Bt + 1/2Bnt?
i

+ BrlnQ + Y Bptlnp, 5.5
1

where i,j = K,L,E, t is a time trend, and p, is derived from
chapter 4.

5.1.1 The Share Equations

Through 1logarithmic differentiation and application of

Shepherd’s lemma we arrive at the following input demand

shares:

E

Sx = ox + ) Bxlnp, + Bt + BelnQ
i=K
E

S, = o + E[Bmlnpi + Pt + BrlnQ
i=K
E

Sg = oz + Y Bglnp, + Bt + BlnQ 5.6
i=K

This allows me to test for HNTC and homotheticity by imposing

the restrictions that B, and Bm are equal to zero.
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Assuming that random errors arise due to errors in the cost
minimization behaviour, and adding time subscripts, we have
the following set of estimatable equations:

E
Sg, = A, * Zﬁnlnpi, * Bre T + BgolnQ. + &g

t
i=K

E
S, =, * Eﬁmlnpi, * BT + PBrolnQ, + &g,

t
i=K

E
Se, = @p + Y Bgdnp; # BT # BlnQ, + &g 5.7

'
i=K

Where the ¢,,'s are assumed to be independently identically
distributed.

Again this set of equations is singular, therefore to
estimate them I must delete one of the equations. I
arbitrarily delete the Labour equation.

5.1.2 HNTC and Homotheticity

I now proceed to test the restrictions of HNTC and
homotheticity. The results for the eleven industries are
summarized in Table 5.1.

Hicks neutral technological change is rejected in all but
three of the industries, which are paper and allied products,
primary metals, and non-metal mineral products. Homotheticity
is accepted in the primary metals and the electrical products

industries. And both homotheticity and HNTC are accepted in
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the primary metals industry.
5.1.3 Homogeneity and Symmetry

We now turn our attention to the tenets of neoclassical
production theory, namely homogeneity and symmetry. Again a
likelihood ratio test is performed with the maintained
hypothesis being the absence of homogeneity and symmetry. The
results of these tests are summarized in tables 5.2.

Homogeneity is not rejected in one .of the eleven
industries, namely the chemical and chemical products
industry, while homogeneity and symmetry are not rejected in
only the paper and allied industry. Otherwise both
homogeneity and symmetry are strongly rejected in all the
other industries. 1In conclusion I can say that these results
do not conform very well with the tenets of neoclassical
production theory. The results are not surprising because in
studies involving static models it is not uncommon to reject
homogeneity and symmetry. Also it is common, see for example
the Fuss and Berndt and Wood study, to assume homogeneity and
symmetry and not to test for them.
5.1.4 The Empirical Results

Finally the estimated equations are presented in Tables
E.1 through E.1l1 in Appendix E. The t ratios are for the
most part statistically different from zero, while all of the
R?'s ére high suggesting a good fit for the model. However,
the low Durbin Watsons indicate that a more dynamic approach

may be in order. The coefficients derived here are used to
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calculate the AES and price elasticities. These are presented
in tables F.1 through F.1l1 and G.1 through G.11 in Appendixes
F and G.

In only 4 of the 11 industries are all of the own price
elasticities negative. These are furniture and fixtures,
paper and allied products, transportation equipment, and
chemical and chemical products. This is not in line with
economic theory as they all should be negative but as Anderson
and Blundell note it is common in static models for the
postulates of economic theory to be violated.

Table 5.3 summarizes the input substitution pattern for
the various industries. Capital and labour are substitutes in
10 out of the 11 industries, which is in line with other
studies. Capital and energy are substitutes in 10 of the 11
industries, this contradicts the results of Berndt and Wood
but confirms the results of Gregory and Griffon. Energy and
labour are complements in 9 out of the 11 industries which
contradicts the work of both Gregory and Griffon as well as
Berndt and Wood.

5.1.5 Serial Correlation

The low Durbin Watsons indicate that a more dynamic

approach may be in order. I perform tests for an AR(1)

specification of the error terms. This is given as:
€, = pe,, + v, 0 <p<1

Where v, _ is identically independently distributed with 0 mean

and constant variance and is uncorelated with ¢ and all of the
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independent variables. This positive first order correlation
in the residuals is 1likely because of the high degree of
correlation over time present in the cumulative effects of
omitted variables in the regression model.*

The test statistics for the null hypothesis of no
positive serial are the critical values of the Durbin Watson.
This statistic has a lower, d,, and an upper, d,, value which
are dependent upon the number of observations. If the
calculated Durbin Watson (DW) is below d, then the null
hypothesis 1is rejected if it 1is above d, then the null
hypothesis 1is not rejected. If the value of the test
statistic lies in between these bounds then the test is
inconclusive.

For 24 sample points, 5 regressors excluding the
intercept, and a 5 percent significance level the lower value
is .93 and 1.90 for the upper bound. For the capital equation
the hypothesis of no serial correlation is not rejected in the
rubber and plastics and the machinery industries. The
hypothesis is rejected only in the wood industfy and for all
other industries the test is inconclusive. For the energy
equation the hypothesis of and AR(1l) specification is rejected
only in the paper and allied industry. For all other
industries the test is inconclusive.

'In addition to the formal Durbin Watsons tests plots of

1 pindyck R., and Rubinfeld D., L. Econometric Models and
Economic Forecasts p. 153.
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the residuals vrs. the predicted values are given in Appendix
R1. These plots are done because of the inability of the
Durbin Watson test to reject or not reject the presence of
serial correlation. For the most part the residuals display
their autocorrelation by their cyclical pattern and their
proximity to one another.

5.1.6 The Characteristic Roots

In addition to the own price elasticities being negative
economic theory also states that each matrix be singular and
negative semidefinite. The local negative semidefiniteness is
a necessary and sufficient condition for the concavity of the
cost function. I test this by examining the characteristic
roots or eigenvalues for each matrix. The results are
summarized in Table 5.4 at the end of this chapter. 1In order
for the matrix to be singular one of the roots must be zero,
or approximately so, this is the case for all the matrices In
order for the matrix to be negative semidefinite two of the
roots must be negative. The furniture and fixtures,
transportation equipment, and chemical and chemical products
matrices are negative semidefinite.

Again I note that the price elasticities are a mirror
image of the AES the only difference in them being their
magnitude. They are presented in appendix G at the end of

this document.



Table 5.1 The Static Model: Tests for HNTC, Homtheticity, Homotheticity and HNTC*?

Industry HNTC Homotheticity HNTC and Homotheticity
y " y i

Rubber and

Plastics 27.3078 37.9246 84.9038

Wood 11.0902 27.5370 32.0156

Furniture and

Fixtures 15.7030 13.8868 48.4836

Paper and Allied

Products 0.4516 11.6340 15.8478

Primary Metals 1.3076 3.1176 8.0044

Metal Fabricating 18.9396 21.6486 50.1932

Machinery 18.4240 37.3586 51.1908

Transportation

Equipment 34.9474 26.2168 48.0300

42

Critical Value at the a=
degrees of freedom 13.277.

.01 level for 2 degrees of freedom is 9.210 and for 4



Table 5.1 continued

Industry HNTC Homotheticity HNTC and Homotheticity
) x? 1’

Electrical

Products 11.4466 8.2926 37.5646

Mon-metal Mineral

Products 9.1924 21.4294 68.8386

Chemical and

Chemical Products 20.7868 18.0850 40.3638

bS



Table 5.2 The Static Model: Tests for Homogeneity and Symmetry*’

Industry Homogeneity Homogeneity and Symmetry
v y i

Rubber and

Plastics 44.1986 44.7806

Wood 51.4198 52.7446

Furniture and

Fixtures 27.5370 32.0156

Paper and.

Allied Products 10.4682 11.1182

Primary Metals 43.6078 44.0350

Metal Fabricating 46.9834 50.3558

Machinery 20.5650 21.0776

Transportation

Equipment 36.6200 42.1930

43

freedom 11.345.

Critical values for a =

.01 for 2 degrees of freedom 9.210 and for 3 degrees of



Table 5.2 continued

Industry Homogeneity Homogeneity and Symmetry
y A /o

Electrical

Products 40.8244 40.9874

Non-metallic

Minerals 23.4446 68.8386

Chemical and Chemical

Products 7.3068

19.5688



Table 5.3 The Static Model:

62

Input Substitution Patterns

industry o o
Rubber and

Plastics substitutes substitutes complements
Wood substitutes substitutes complements
Furniture and

Fixtures substitutes substitutes complements
Paper and Allied

Products substitutes substitutes complements
Primary Metals substitutes substitutes complements
Metal Fabricating substitutes complements substitutes
Machinery complements substitutes complements
Transportation

Equipment substitutes substitutes complements
Electrical Products substitutes substitutes complements
Non-Metallic

Minerals substitutes substitutes complements
Chemical and

Chemical Products substitutes substitutes substitutes
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Table 5.4 The Static Model: Characteristics Roots for the AES

Matrices

industry A, A, s

Rubber and

Plastics 2.4610 -3.2843 .0000

Wood 7.0229 -5.8195 .0000

Furniture and

Fixtures -1.6870 .0000 -2.8528

Paper and Allied

Products -22.0413 =1:7911 .0000

Primary Metals ~26.4162 5.9548 .0000

Metal

Fabricating 11.5546 -4.1888 .0000

Machinery 5.5948 -4.7781 .0000
Transportation

Equipment -7 .8002 .0000 -2.3752
Electrical

Products 69.3658 -30.3561 .0000
Non-metallic

Minerals 15.3383 -12.9895 .0000
Chemical and

Chemical Products -32.1490 -16.2753 .0000
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CHAPTER 6 THE DYNAMIC MODEL

Following the methodology of Anderson and Blundell I now
explore the possibility of estimating and testing a capital,
labour, and energy model within a general dynamic
specification of a demand system.
6.1 The Model

The reader should recall that the four models, static,
partial adjustment, autoregressive, and dynamic can be derived

from a first order difference equation. The dynamic model

equation is given as:

AS(t) = Tx*(t) - A"(S (t-1) -

- IMLX(t-1)) + e(t) 6.1
where the x(t)’s are the prices of the different factors, the
S, (t-1) are the input shares, and delta is a first difference
operator. The static model is represented by:

S(t) = IIx(t) + e(t) 6.2
The static model with autoregressive errors is given by:

Sit) Ix(t) + u(t) 6.3

where

u(t) Ru(t-1) + e(t) 6.4
Finally the partial adjustment model is given by:
As(t) = M(IIx(t) - S(t-1)) + e(t) 6.5

6.1.1 The Time Series Format

Equations 4.1, 4.2, 4.3, and 4.5 can be parameterized in
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either a time series form or a demand system format for means
of estimation. The time series variation for the static model,
not assuming Hicks neutral technological change and not
assuming homotheticity , is given by:

S; = a; + BylnPy + By,1lnP, + B,;1nP,
+ Byt + By1nQ 6.6

where t is again a time index.

The times series model for the partial adjustment model,
again not assuming Hicks Neutral Technological Change and not
assuming homotheticity is:

Sy = ay + BylnPy + B,InP, + B, IlnPy + y,,S¢  +
* inSL,_l * Yi3SEl_1 + Byt + Bgian , 6.7

For the dynamic model the time series specification is given
by:
S, = a; + By InPy + B,lnP, + B;1nP,

* ¥uSk, * Y25y, * Yu13Sg

+ §,P, + 6,,P;

i B & 613Ps,_l

-1
+ By T + BylnQ + 6,,1nQ. 6.8

And finally, for the autoregressive model the time series
format is given by:

S; = a; + B,1nP, + B,,1nP, + B,,1nP, + B,1nQ

* YuSx, * YiSp | * ¥1sSe
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+ (YuByy + Yi2B24) 10Dy

+

(Y11Biz + Y12B21w) 1NPy

+

(¥11Bis * Yi2B2isp) 1NPg

+

(Y1:By + ¥42Byy)1InQ, 6.9
6.1.2 Model Identification

I now use a series of nested hypothesis tests to identify
whether the underlying cost structure is static, partial
adjustment, autoregressive, and dynamic. The tests are
nested because the partial adjustment and autoregressive
models are a special case of the dynamic model, and the static
model is in turn a special case of the partial adjustment and
autorégressive models. There is, however, no relationship
between the autoregressive and partial adjustment model. The
results of these tests are given in table 6.1. In nine of the
eleven industries the dynamic model was not rejected, in the
remaining two the autoregressive model was accepted. These
two industries were the wood and primary metals industries.
6.1.3 HNTC and Homotheticity

As a second step I wished to identify the nature of
technological change and homotheticity. The reader will
recall that in the first stage of estimation Hicks Neutral
Technological Change was not assumed nor was homotheticity.
I therefore perform a second set of nested tests to determine

these properties. The results for the eleven industries are
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summarized in table 6.2 In the furniture and fixtures,
paper and allied products, primary metals, metal fabricating,
and transportation equipment Hicks neutral Technological
Change 1is accepted. Furthermore in no industry is
homotheticity or homotheticity and HNTC accepted.

Finally I wish to examine the tenets of neoclassical

production theory, namely homogeneity and symmetry.

Unfortunately this cannot be done within the confines of the
time series specification of the model. I now introduce the
fully parameterized demand system model.
6.2 The Fully Parameterized Demand Model

The fully parameterized demand model is the system of
demand equations giving the shares as a function of the
exogenous variables. For the static model there is no change
between the time series model and the fully parameterized

demand model which is given by:

S, = a + B,lnp, + B,,lnp, + B,;1np;

+ BT + By lnQ 6.10
The partial model is fully parameterized as:

AS, = a; - ¥5,5x, ~ Y5y, ~ Y1:5g

+ (YuBi * Yi2Ba)1lnpy

+ (YuBiia * Yi2Bayn)1np,

* (YuBuz * Yi2Biis) 10Pg

+ (YuBy + Yi2Bi14)10Q 6.11
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The fully parameterized demand model for the autoregressive

model is given as:

AS, = a; + B,,Alnp, + B,,Alnp, + B,,Alnp, + B,AlnQ
T YuSg, T Y25y, T YisSp

+ (Yilﬁil + Yizﬁzi)lnpxr_l

+

(Y1:By; + Yizﬂ21+1)lan,_1

+

(Yi1Bisve *+ Yi2Bassr) 1NPg

+

(Y11Bs * ¥i2Byn) 1NnQ, 6.12
Whereas the dynamic model is parameterized as:

As, = a, + By,Alnp; + B,,Alnp, + B ;Alnp, + B,AlnQ

T YuSk, T Y125y, T Yi3Sg

+ (Y1261 + Y:262,) 1npg

* (Y1181, + ¥1262,) 1np;

+ (Y436, + 'Yiz‘sza)lnpz:,_1

+ (¥11By * Y¥i2Bi4)1NnQ. 6.13

I now proceed to test homogeneity.and homogeneity and
symmetry against the hypothesis that neither is imposed. This
again involves the use of multivariate regression analysis in
SHAZAM and a nested set of likelihood ratio tests. The
results are presented in table 6.3.

Again the results are disconcerting as only two of the

eleven industries are homogeneous, namely the non-metallic
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mineral products and the chemical and chemical products
industries. None of the eleven industries are homogeneous and
symmetric; in fact the hypothesis of homogeneity and
homogeneity and symmetry are strongly rejected in most
industries. This is not surprising because in studies
involving dynamic models it is common to reject homogeneity
and symmetry. This is the case in the Anderson and Blundell
study and the Friesen paper.

Having identified the model we are now in a position to
calculate the AES and the price elasticities. Tables H.l1l to
H.11 in Appendix H present the Allen elasticities of
substitution, while the price elasticities are given in tables
I.1 to I.1l1l in the same Appendix I. The pattern of input
substitution patterns are summarized in Table 6.4 at the end
of this chapter.

The own price elasticities are negative in 7 of the 11
industries, which may be considered moderately good results.
Capital and labour are substitutes in all 11 industries which
tends to support most of the empirical work. Capital and
energy are substitutes in 10 of the 11 industries which
strongly supports the work of Gregory and Griffon but not
Fuss and Berndt and Wood. And finally labour and energy are
complements in 9 of the 11 industries which is not in
agreement with any of the studies mentioned in this paper.

I again examine the characteristic roots of the AES

matrices. The reader will recall that in order for the matrix
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to be negative semidefinite two of the roots must be negative
while in order for it to be singular one of the roots must be
approximately zero. The roots are summarized in table 6.5.
Again by construction all of the matrices are singular as
indicated by a zero root. The cost fuhction is concave for
the furniture and fixtures, metal fabricating, non-metallic
minerals, and chemical and chemical products.

Finally I present the final form of the actual equation
that is to be presented in tables J.l through J.11 in
appendix J. Noting that for nine of the eleven industries the
dynamic model is accepted as the maintained hypothesis while
for the other two industries are autoregressive.*

6.2.1 Serial Correlation

As indicated above all of the Durbin Watsons appear
rather good indicating the absence of positive serial
correlation. More formally I make use of the Durbin Watson
test statistic outlined in section 5.1.5. The d, is for 15
independent variables is .221 and d, is 3.251. For the rubber
and plastics, wood, furniture and fixtures, electrical

products, and machinery industries all of the DW are in the

inconclusive range.*

4 In the primary metals industry both the autoregressive and
partial adjustment models is accepted while the static model is
rejected. Here the autoregressive model was chosen because it was
more strongly accepted as indicated by a lower xZ2.

% The practice in applied econometrics if the computed Durbin
Watson lies between the lower and upper critical value range is to
accept the hypothesis of no serial correlation.



71

For the metal fabricating and transportation equipment
industry, which have 14 independent variables, the critical
values of the Durbin Watsons are .239 and 3.193 which means
the results of the test are again inconclusive.

For the industries with homogeneity, the non-metallic
mineral products and the chemical and chemical products the
critical values of the DW statistic are .335 and 2.983 so the
test is again inconclusive.

For the two autoregressive models, paper and allied
products and primary metals, the appropriate test statistics
are .837 and 2.035. By inspection of Appendix J the reader
can see that once more the test is inconclusive.

In addition to these formal tests plots of the residuals
vrs. the fitted values are given in Appendix R2. Although the
variance of the errors seems to increase over time for most of
the industries the spiked pattern of the residuals indicates
a random process indicating that hypothesis of no

autocorrelation should not be rejected.



Table 6.1 The Dynamic Model: Model Identification®

industry Autoregressive Partial Adjustment static

X X’ X
Rubber and
Plastics 27.5148 27.1736 38.5588
Wood 20.0576 20.6216 54.6884
Furniture and
Fixtures 61.1538 54.2154 20.7296
Paper and
Allied Products 42.1732 52.6334 44.3744
Primary Metals 13.4384 17.0958 17.2602
Metal
Fab;icating 83.4500 53.6800 23.6592
Machinery 82.3008 82.5624 21.0781

% The critical value for the a=.01 is 20.090 for 8 degrees of freedom and 13.277 for
4 degrees of freedom.

17



Table 6.1 continued

industry Autoregressive Partial Adjustment Static

v x* ; o
Transportation
Equipment 58.7212 58.1752 21.4036
Electrical
Products 66.0156 64.9968 19.1920
Non-metallic
Minerals ‘ 27.7024 31.0854 5.4264
Chemical and
Chemical Products 20.3632 21.6292 10.0630

k



Table 6.2 The Dynamic Model: Tests for HNTC, Homtheticity, and Homotheticity and HNTC*’

Industry HNTC Homotheticity HNTC and Homotheticity

52 x?

Rubber and

Plastics 20.9914 41.3022 55.2628
Wood 10.3894 24.8976 61.5616
Furniture and

Fixtures 8.1108 31.5750 58.9892

Paper and Allied

Products 0.1704 20.6430 55.9698
Primary Metals 0.1924 20.6430 55.9698
Metal Fabricating 9.0576 40.8128 53.2270
Machinery 32.9328 41.4988 77.8060
Transportation

Equipment . 6.6654 40.4432 56.2964

7 Critical Values at the a= .001 level for 2 degrees of freedom 9.210, for 4 degrees

of freedom 13.277, and for 6 degrees of freedom 16.812.



Table 6.2 continued

Industry HNTC Homotheticity HNTC and Homotheticity
1 y A ) A

Electrical

Products 13.3610 37.2928 50.9758

Mon-metal Mineral

Products 13.1894 35.5658 38.3056

Chemical and

Chemical Products 17.4882 16.7628 32.6874



Table 6.3 The Dynamic Model: Tests for Homogeneity and Symmetry*

Industry Homogeneity

Homogeneity and Symmetry
1’ y A

Rubber and 13.5630 13.8120
Plastics

Wood 22.4864 28.0345
Furniture and 13.8596 20.9232
Fixtures

Paper and 16.9034 17.5420
Allied Products 19.8932 '19.9208
Primary Metals 16.7054 17.5420
Metal Fabricating 11.3710 21.0422
Machinery 39.9572 52.4794

48
degrees of freedom 11.345.

Critical values for the a=.01 level, for two degrees of freedom 9.210 for three

G



Table 6.3 continued

Industry Homogeneity Homogeneity and Symmetry
y y i

Transportation

Equipment 22.9376 27.0846

Electrical

Products 32.0274 38.5168

Non-metallic

Minerals 8.5750 16.7094

Chemical and Chemical

Products 8.4362 .15.0832

7
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Table 6.4 The Dynamic Model: Input Substitution Patterns
industry o ... 2.

Rubber and

Plastics substitutes substitutes complements
Wood substitutes substitutes complements
Furniture and

Fixtures substitutes substitutes complements
Paper and Allied

Products substitutes substitutes complements
Primary Metals substitutes substitutes complements
Metal Fabricating substitutes complements substitutes
Machinery complements substitutes complements
Transportation

Equipment substitutes substitutes complements
Electrical Products substitutes- substitutes complements
Non-metallic

Minerals substitutes substitutes complements
Chemical and

Chemical Products substitutes substitutes substitutes
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Table 6.5 The Dynamic Model: Characteristics Roots for the AES

Matrices

industry A, A, A,

Rubber and

Plastics 10.4044 -3.1891 .0000
Wood -11.2501 7.7653 .0000
Furniture and

Fixtures -25.5154 -1.6460 .0000
Paper and Allied

Products ~-15.7093 1.0991 .0000
Primary Metals

Metal ' 19.4917 -19.7430 .0000
Fabricating -16293.3562 -1.6955 .0000
Machinery 711.9905 -10.1016 .0000
Transportation

Equipment -120.0924 12.7098 .0000
Electrical

Products - -9.0801 .2419 .0000
Non-metallic

Minerals -1.2079 -9.6816 .0000

Chemical and

Chemical Products -34.2115 -17.4952 .0000
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CHAPTER 7 CONCLUSION AND SUMMARY
Overall the results of this were in 1line with the
literature cited in chapter 3. As with other work this study
did not conform very well with economic theory. For the
energy submodel the own price elasticities were not all
negative in 9 of the 11 industries. These results are in line
with those reported by Fuss, who finds that not all of the own
price elasticities are negative and that there is a high
degree of interfuel substitution. The model did however have
a reasonably good fit with high R?’s and good t statistics.
For the AES’s in the energy submodel 196 of the 330 price
elasticities are positive indicating only a moderate degree of
substitutability among fuels. This is important when
governments are considering such things as increasing a fuel
tax to raise revenue or curtail pollution. 1In the former case
revenues will increase due to the inability of the producer to
substitute one fuel for another. In the latter case
pollutants may not decline for the same reason.
The Static model did not perform very well in the sense
that homogeneity and symmetry are rejected in 10 of the 11
industries. I cannot compare this to the studies of Berndt and
Wood and Fuss because they assume homogeneity and symmetry.
For the static model to reject symmetry conditions is not

unusual as Anderson and Blundell note. Otherwise the AES’s
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did not conform with economic theory in that in only 4 of the
11 industries were all of the own price elasticities negative.
‘For the overall fit of the model the low Durbin Watsons
suggested that a dynamic model might be in order.

In the static model the substitutability patterns for
capital and energy and capital and labour were in agreement
with Gregory and Griffon who suggested that they were both
substitutes. This implies that increasing such things as the
marginal corporate tax rate, which would result in a higher
price of capital, would result in increase usage of labour and
energy. Energy and labour are for the most parts complements
which is in direct disagreement with the results of Gregory
and Griffon and Berndt and Wood. This implies that an
increase in the price of energy would result in less usage of
labour.

The Dynamic model was accepted over the static, partial
adjustment, and autoregressive modeis in 9 of the 11
industries while in the other 2 the autoregressive model is
acceptéd. In only 2 of the 11 industries is the cost function
homogeneous and in none of them is the function homogeneous
and symmetric. For the dynamic model the results are in line
with Anderson and Blundell and Friesen who both reject
symmetry conditions. Otherwise in 7 of the industries the own
price elasticities are all negative which is in agreement with
economic theory.

As far as policy implications go capital and labour are
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for the most part substitutes so that any action on the
government’s behave to increase the firm’s user cost of
capital would result in more usage of labour. Capital and
energy are also substitutes so an increase in energy prices
would result in the firm substituting capital for 1labour.
Again in the dynamic model labour and energy are complements
so an increase in the price of energy would result in less
usage of labour. This may partly explain what happened in the
two o0il shocks of the 1970's and 1980’'s as firms were unable
to substitute labour for energy and people became unemployed.

Finally an area of future research might be to examine
the autoregressive, partial adjustment, and dynamic model for
the energy submodel rather than just the static. Furthermore
the dynamic model as presented by Anderson and Blundell is ad
hoc in the sense that it is not the result of any optimization
process that the firm undertakes. An area of future research
could be to derive an explicit economic optimization process

the solution to which results in the dynamic model.
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Appendix A Data Construction and Sources
p,: Price of gasoline. Source "Consumption of Purchased Fuels
and Electricity."
p,: Price of fuel oil. Source "Consumption of Purchased Fuels

and Electricity."

p,: Price of electricity. Source '"Consumption of Purchased
Fuels and Electricity.”

p,: Price of coal and coke. Source "Consumption of Purchased
Fuels and Electricity."

p,: Price of natural gas. Source '"Consumption of Purchased
Fuels and Electricity."

p,: Price of liquid petroleum gas. Source "Consumption of
Purchased Fuels and Electricity."

k=P (r+ (l-1)+6-Ap)/(1-r7)

where

p: Cost of capital index. Sourée Fixed Capital Flows and
Stocks.

r: Long term bond rate. Source CANSIM.

t: Effective marginal corporate tax rate. Source '"Real
Effective Corporate Tax Rates in Canada and the United States
after tax Reform”

6: Long term depreciation rate assumed to be .10.

Ap: Cost of capital inflation rate, generated for p.

p,: Average hourly wage rate. Source "Manufacturing
Industries of Canada."

p;: Price of energy, generated from p, to p,.
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Q: Manufacturing Shipments. Source "Manufacturing Industries
of Canada."
Total Cost = cost of energy + capital cost + wages.
Where the cost of energy is from "Consumption of Purchased
Fuels and Electricity." Capital cost is from "Fixed Capital
Flows and Stocks." And Wages is from "Manufacturing Industries

in Canada."

Energy Cost = cost of gas + ... + cost of liquid petroleum
gas.

Where these costs are derived from "Consumption of Purchased
Fuels and Electricity."

S, = p,Q,/Energy cost

A
where Q, is the quantity of the energy component and is
derived from the "Consumption of Purchased Fuels and

Electricity".

SK Cost of Capital / Total Cost

SL Cost of Labour / Total Cost

SE = Cost of Energy / Total Cost



Appendix B The Empirical Results for the Energy Submodel

Table B.1 Rubber and Plastic Products (standard errors in parenthesis)

€d ai i:I.l ﬁiz‘ ﬁ:|.3 Bi4 BiS BiG Rz DW

1 .02600 .00860 .02673 .00423 .00910 -.04327 -.00539 .5522 1.46
(.0026) (.0128) (.0065) (.0067) (.0049) (.0090) (----)

2 .59584 .02673 .31321 -.02719 -.02320 -.33767 .04812 .9147 1.48
(.0098) (.0065) (.0102) (.0106) (.0112) (.0138) (----)

3 .18082 .00423 -.02719 -.26163 -.02625 .25682 .05003 .3485 1.02
(.0123) (.0065) (.0106) (.0084) (.0105) (.0274) (----)

4 .09245 .00910 -.02320 -.02625 -.13037 .07017 .10055 .6056 .77
(.0105) (.0049) (.0112) (.0105) (.0145) (.0137) (----)

5 .09778 -.04327 -.33767 .25682 .07017 -.06485 .11880 .9672 1.32
(.0110) (.0090) (.0138) (.0274) (.0137) (.0331) (----)

6 .00711 -.00539 .04812 .05003 .10055 .11880 -.31211

(===0)  (=m77) (Fmm) (5mm) (5mmt) (kmmt) (mo)

A



Table B.2 Wood Industry (standard errors in parenthesis)

eq a B,, B B B, B, Bie R? DW

1 .47265 -.24754 .44490 -.14003 -.02649 -.00207 -.02877 .9540 1.17
(.0189) (.1713) (.0202) (.0229) (.0293) (.1400) (----)

2 .00758 .44490 -.44055 .16638 -.00458 -.26705 .10090 .9322 .67
(.0759) (.0202) (.0233) (.0420) (.0041) (.0251) (----)

3 .36692 -.14003 .16638 .15730 .04645 -.07559 -.15451 .7171 1.17
(.0308) (.0229) (.0420) (.1166) (.0126) (.1046) (----)

4 .02472 -.02649 -.00458 .04645 -.00744 -.01295 .00501 .6179 1.15
(.0035) (.0293) (.0041) (.0126) (.0086)-(.0231) [ ==~=)

5 .08703 -.00207 -.26705 -.07559 -.01295 .28334 .07432 .9248 .61
(.0249) (.1400) (.0251) (.1046) (.0231) (.0866) (-—--)

6 .04110 -.02877 .10090 -.15451 .00501 .07432 .00305

(=) {3} == §==) {3} ) —-)

28



Table B.3 Furniture and Fixtures Industry (standard errors in parenthesis)

eq a,. B, B, N > DW

1 .16710 -.05029 .06779 -.01277 -.06485 -.05960 .11972 .9786 2.05

(.0034) (.0097) (.0069) (.0085) (.0091) (.0096) (----)

2 .52303 .06779 .18164 -.05096 -.00004 -.19911 .00068 .9489 1.62
(.0057) (.0069) (.0050) (.0084) (.0053) (.0109) (----)

3 .16110 -.01277 -.05096 -.60006 -.02194 .12735 .55838 .0258 .45
(.0126) (.0085) (.0084) (.0128) (.0104) (.0142) (----)

4 .07399 -.06485 -.00004 -.02194 -.02826 .12507 -.00998 .7923 1.23
(.0047) (.0091) (.0053) (.0104) (.0102) (.0090) (----)

5 .07046 -.05960 -.19911 .12735 .12507 -.10041 .10670 .9424 .50

(.0127) (.0096) (.0109) (.0142) (.0090) (.0324) (----)

6 -.00068 .11972 .00068 .55838 -.00998 .10670 -.77550
[siesh [ee=) === (=) (7=l §===1 ===

18



Table B.4 Paper and Allied Industries (standard errors in parenthesis)

€9 aiv ‘@il Biz Bi.’i ﬁ:14 BiS Biﬁ Rz DW

1 .00798 .00784 -.00743 .00483 .00902 -.01527 .00101 .7286 1.17
(.0008) (.0022) (.0057) (.0028) (.0029) (.0081) (----)

2 .46763 -.00784 .24138 -.06686 -.05421 -.11909 .00662 .9255 2.02
(.0060) (.0344) (.0191) (.0178) (.0571) (.0146) (----)

3 .26785 .00483 -.06686 -.38346 -.02234 .46392 .00391 .4099 1.42
(.1460) (;0028) (.0178) (.0495) (.0330) (.0158) (----)

4 .11575 .00902 -.05421 -.02234 -.22173 .29048 -.00122 .6056 .77
(.0109) (.0029) (.0571) (.0330) (.0299) (.0441) (----)

5 .13620 -.01527 -.11909 .46392 .29048 -.60810 -.14814 .9672 1.32
(.0159) (.0081) (.0146) (.0158) (.0441) (.0792) (----)

6 .00459 .00101 .00662 .00391 -.00122 -.14814 .13782

o)

===

(===~}

(=)

s}

(===

(===}

33



Table B.5 Primary Minerals (standard errors in parenthesis)

€q a B, By, B, By, B, B¢ R® DW

1 .00890 .01159 -.00717 -.00196 .00639 -.01146 .00261 .9914 .99
(.0008) (.0015) (.0014) (.0020) (.0023) (.0031) (----)

2 .53566 -.00717 .27651 -.09004 .03759 -.22093 .00404 .7646 1.05
(.0060) (.0344) (.0191) (.0178) (.0571) (.0146) (----)

3 .16782 -.00196 -.09004 -.05927 -.08977 .23858 .00246 .0153 .40
(.0212) (.0020) (.0178) (.0601) (.0224) (.0275) (----)

4 .13279 .00639 .03759 -.08977 -.19580 .14590 .09569 .5443 .88
(.0109) (.0023) (.0571) (.0224) (.0356) (.0387) (----)

5 .14590 -.01146 -.22093 .23858 .14590 -.22949 .07740 .6197 .60
(.0026) (.0031) (.0146) (.0275) (.0387) (.0366) (----)

6 .00893 .00261 .00404 .00246 .09569 .07740 .18220

(===

(===

=}

e

===}

[~~~

(===-)

bs



Table B.6 Metal Fabricating Industry (standard errors in parenthesis)

eq a, B, B B, B B B, R DW

1 .12455 .00923 .09788 -.03195 -.03918 -.01286 -.02312 .9777 1.62
(.0031) (.0171) (.0103) (.0171) (.0102) (.0225) (----)

2 .45194 .09788 .11389 -.02003 -.01166 -.20088 -.43489 .8455 1.27
(.0060) (.0103) (.0106) (.0202) (.0070) (.0193) (----)

3 .14615 -.03195 -.02003 -.09173 .21732 .11756 -.19117 .0540 1.12
(.0145) (.0171) (.0202) (.0423) (.0152) (.0534) (----)

4 .02284 -.03918 -.01166 .21732 -.03210 .05996 -.19434 .5711 1.07
(.0028) (.0102) (.0070) (.0152) (.0082) (.0169) (----)

5 .23439 -.01286 -.20088 .11756 .05996 .05791 -.02169 .9095 .93
(.0107) (.0225) (.0193) (.0534) (.0169) (.0479) (----)

6 .02013 -.02312 -.43489 -.19117 -.19434 -.02169 .86521

o)

aca

)

(==--)

(===-)

(===

(===

Ob



Table B.7 Transportation Equipment (standard errors in parenthesis)

eq  «a B, - B, By B B, . R DW

1 .08450 .00437 .00885 .01882 -.07108 .03854 .00050 .8960 1.19
(.0041) (.0646) (.0222) (.0775) (.0772) (.1040) (----)

2 .45276 .00885 .23515 -.04487 .01498 -.20801 -.00610 .8955 1.29
(.0093) (.0222) (.0703) (.1130) (.0691) (.1426) (----)

3 .15265 .01882 -.04487 .02085 -.04016 .03517 .01019 .0853 .68
(.0432) (.0775) (.1130) (.1337) (.0569) (.2996) (----)

4 .16760 -.07108 -.01498 .04016 -.07874 .16302 -.03838 .8999 .69
(.0088) (.0772) (.0691) (.0569) (.0670) (.1630) (----)

5 .12747 .03854 -.20801 .03517 .16302 -.06986 .04114 .9213 .47
(.0100) (.0192) (.0138) (.0219) (.0105) (.0361) (----)

6 .01502 .00050 -.00610 .01019 -.03838 .04114 -.00735

et T e T s’ B e T S T e B Ce




Table B.8 Machinery Industry (standard errors in parenthesis)

eq  a, B, B, B B.. B.. B.. R? DW

=

.08974 .00800 .07379 .00273 -.02923 -.03829 -.01700 .9492 2.69
(.0033) (.0169) (.0082) (.0103) (.0078) (.0192) (----)

N

.53398 .07379 .17293 -.02543 -.03063 -.20608 .01542 .8975 1.72
(.0065) (.0082) (.0108) (.0118) (.0071) (.0138) (----)
3 .14131 .00273 .02543 -.08825 .01566 .08774 -.04331 .0853 .68

(.0107) (.0103) (.0118) (.0259) (.0097) (.0219) (-—--)

4 .03981 -.02923 -.03063 .01566 -.07352 .11854 -.00082 .9072 .48
(.0030) (.0078) (.0071) (.0097) (.0067) (.0105) (----)

5 .17799 -.03829 -.20608 .08774 .11854 .06024 -.02215 .9095 .93

(.0100) (.0192) (.0138) (.0219) (.0105) (.0361) (----)
6 .01717 -.01700 .01542 -.04331 -.00082 -.02215 .06786

(-==) (=mm) (5m7T) (mmT) (kmm) (emtt) (m)




Table B.9 Electrical Products (standard errors in parenthesis)

hz

s =) [~~~} =<3 3 =i {—3

05

.72

.68

.48

«93

eq « B,, B B, B, B B DW

‘l .04331 .02117 .01087 -.01666 -.01747 .07166 -.11288 .9830 2.
(.0008) (.0034) (.0017) (.0017) (.0013) (.0040) (----)

2 ..55564 .01087 .32841 -.09556 -.04256 -.21743 -.53937 .8975 1
(.0064) (.0017) (.0071) (.0037) (.0034) (.0034) (----)

3 .18824 -.01666 -.09556 -.07089 .00463 .17623 -.18599 .0853
(.0111) (.0017) (.0037) (.0043) (.0035) (.0025) (----)

4 .07151 -.01747 -.04256 .00463 -.06115 .12555 -.08051 .9072
(.0026) (.0013) (.0034) (.0035) (.0031) (.0030) (----)

5 .12462 .07166 -.21743 .17623 .12555 -.07593 -.20470 .9095
(-0093) (.0040) (.0034) (.0025) (.0030) (.0094) (----)

6 .01668 -.11288 -.53937 -.18599 -.08051 -.20470 1.12345 ----

b



Table B.10 Non-metallic Mineral Products Industry (standard errors in parenthesis)

eq a. B

B,, B, B, B, B, R. ___ DW

1 .09676 -.00442 .08466 -.02603 -.07502 .03289 -.01208 .9830 2.05
(.0026) (.0180) (.0114) (.0133) (.0123) (.0217) (----)

2 ..32014 .08466 -.01323 .12158 .13584 -.32015 -.00870 .8975 1.72
(.0084) (.0114) (.0248) (.0341) (.0238) (.0328) (----)

3 .21757 -.02603 .12158 -.22751 .06838 .06930 -.00572 .0853 .68
(.-0136) (.0133) (.0341) (.0736) (.0428) (.0276) (——--)

4 .13355 -.07502 .13584 .06838 -.19294 .07615 .06810 .9072 .48
(.0102) (.0123) (.0238) (.0428) (.0366) (.0182) (----)

5 .22502 .03289 -.32015 .06930 .07615 .11562 .02619 .9095 .93
(.0126) (.0217) (.0328) (.0276) (.0182) (.0433) (----)

6 .00696 -.01208 -.00870 -.00572 .06810 .02619 -.06779 ---- --

e T et B e B e T e I e I
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Table B.11 Chemical and Chemical Products (standard errors in parenthesis)

eq « B, B., B,. B,, B.. B.. R’ DW

-

.02156 .00658 -.00234 -.01151 -.00728 .00879 .00576 .9830 2.05

(.0006) (.0022) (.0029) (.0019) (.0019) (.0039) (----)

2 .56263 -.00234 .26350 -.02942 .04872 -.29765 .01719 .8975 1.72
(.0077) (.0029) (.0139) (.0062) (.0074) (.0136) (----)

3 .09407 -.01151 -.02942 -.21218 .04091 .28512 -.07292 .0853 .68
(.0138) (.0019) (.0062) (.0065) (.0072) (.0071) (----)

4 .10981 -.00728 .04872 .04091 -.28191 .25359 -.05403 .9072 .48

x  (.0093) (.0019) (.0074) (.0072) (.0202) (.0203) (----)

5 .19903 .00879 -.29765 .28512 .25359 -.19430 -.05555 .9095 .93

(.0110) (.0039) (.0136) (.0071) (.0203) (.0295) (----)

6 .01290 .00576 .01719 -.07292 -.05403 -.05555 .15855 —~ =

(===} fr=} (===} (===} f=—=) (==} f===)




Appendix C AES’'s for the Energy Submodel

Table C.1 Fuel Types

Number Fuel Type

& Gasoline

2 Fuel 0il

3 Electricity

4 Coal and Coke

5 Natural Gas

6 Liquid Petroleum Gas

Table C.2 AES for the Rubber and Plastics Industry:
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equation o, s Ds - O, T
1 189.51 3.95 2.10 13.95 -7.95 -847.21
2 3.95 277 .721 2.30 -1.75 1.69
3 2.10 .721  -10.20 4.45 592 2.44
4 13.95 2.30 4.45 -119.93 8.36 9:55
5 =7:95 =175 5.92 8.36 -1.91 -7 «22
6 -847.21 1.69 2.44 9.55 =~7.22 3126.25




Table C.3 AES for the Wood Industry:
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equation g,, o, g,, 9., - 2
1 -475.81 110.00 -21.82 -11.77 .701 -6.12
2 110.00 -19.89 4.78 .692 -4.35 4.48
3 -21.82 4.78 -.509 3.07 -.007 -2.54
4 ~11.77 .692 3.07 -11.48 .489 1.34
5 .701 -4.35 -.007 .489 .901 2.50
6 -6.12 4.48 -2.54 1.34 2.50 -4.80
Table C.4 AES for the Furniture and Fixtures Industry:
equation (2 = - - I g, O
1 -19.33 2.85 -.087 -30.40 3.60 2.31
2 2.85 -.318 .239 .996 -.525 1.29
3 -.087 .239 -8.60 -4.80 4.03 26.01
4 -30.40 .996 -4.80 -80.26 17.97 -76.39
5 3.60 ~:525 4.03 17.97 -3.73 -7.76
6 2.31 1.29 26.01 -76.39 ~7.76 =-81.12




Table C.5 AES for the Paper and Allied Industry:

equation g, o P < N [ g, 0.6

1 -22.61 =:616 3.10 16.29 -4.56 21.24
2 ~+ 616 -.027 .316 ~1 .15 .018 3.89
3 3.10 .316 -11.35 -.778 8.93 4.64
4 16.29 ~1.15 =778 -85...39 20.35 -3.40
5 -4.56 .018 8.93 20.35 -11.48 -8.33
6 21.24 3.89 4.64 -3.40 -8.33 =119.59

Table C.6 AES for the Primary Metals:

equation o, < Oy, (o [+ Bse
1 6.11  -.502  .0001 8.51  -2.58 34.11
2 -.502 162 -.162 2.11  -.743  2.31
3 .0001  -.162  -6.47  -5.50 5.59  2.92
4 8.51 2.11  -5.50 -44.62  11.58  6.27
5 -2.58  -.743 5.59  11.58  -5.12 -6.38

6 | 34.11 2:31 2.92 6.27 -6:38 =73.67




99

Table C.7 AES for the Metal Fabricating Industry
equation o, g,. o, = g,. O

1 -11.06 4.21 -2.18 ~52 .89 .486 -26.92
2 4.21 =733 .657 =1.:75 =377 5.31
3 -2.18 657 -10.95 16.56 3.44 3.77
o =52 .89 =1:.75 16.56 -416.28 18.22 11.85
5 .486 -+ 377 3.44 18.22 -1.38 -4.92
6 ~26.,93 5.31 3 TT 11.85 -4.92 67.41
Table C.8 AES for the Machinery Industry

equation o, - - g, - -]

1 -16.16 4.43 1.32 -22.39 -1.40 -38.88
2 4.43 -+ 318 .611 =1.70 -.426 5.07
3 1.32 .611 -9.73 5.10 2.80 T1.21
4 ~22 + 39 ~1.. 70 5.10 -149.37 15.08 -2.68
5 -1.40 -.426 2.80 15.08 -1.49 -6.88
6 -38.88 5.07 7.21 -2.68 -6.88 105.82




Table C.9 AES for the Transportation Equipment
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equation o, g, g,, g, g, 0.
1 -19.44 1.45 3.93 ~23.13 3.93 2«35
2 1.45 =« 057 .294 1.51 -= 597 -+ 632
3 3.93 .294 -4.89 =3.13 1.81 9.23
4 -234.13 1.51 ~-3.13 -31.58 10.84 -35.65
5 3.93 ~3.597 1.81 10.84 -3.14 4.25
6 2.35 -.632 9.23 ~-35.65 4.25 -6.16
Table C.10 AES for the Electrical Products Industry
equation o, -2 o, (-] [ e
1 -8.07 1.77 -2.77 -24.26 24.62 .396
2 1.77 .329 -.268 -2.60 -40.97 1.11
3 -2.77 -.268 -8.45 2.23 108.89 1.03
4 -24.26 -2.60 2.23 -144.83 490.13 -.265
5 24.62 -40.97 108.89 490.13 -767.63 -4.15
6 .396 1.11 1.03 -.265 -4.15 -2.26




Table C.11 AES for Non-metallic Mineral Products Industry
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equation o, O, o,, O g,. [« 38

1 -18.76 552 ~1+53 =1+12 2.74 1,38
2 5.092 ~2.03 2.88 1,61 ~1+71 1.04
3 ~1.53 2.88 -10.74 1.56 2.06 1.05
4 =112 1.61 1.56 =1.01 1.32 1.02
5 2.74 -1.71 2.06 1.32 =926 .845
6 1.38 1.04 1.05 1.02 .845 2.75

Table C.12 AES for Chemical and Chemical Products Industry

equation o, g, g, 0.4 g, O,
1 -33.87 .725 =311 .249 2.55 .328
2 .725 .069 .581 1.20 -1.09 .920
3 -3.11 .581 -14.81 .486 1.61 -2.76
4 .249 1.20 .486 -1.92 2.57 .886
= 2.55 ~-1.08 1.61 2.57 -4.32 -.408
6 .328 .920 -2.76 . 886 -.408 .760
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Appendix D Price Elasticities for the Energy Submodel

Table D.1 : Price Elasticities for the Rubber and Plastics

Industry:

fuel Eil Ei2 Ei3 Ei4 Ei5 Eib6

1 3.57 1.89 .428 .519 -2 .03 -4.38
2 .074 «132 .146 .085 -.448 .008
3 - 038 . 345 -2.08 .166 1.51 .012
4 .263 1.10 .06 -4.46 2.14 .049

5 -8.34 -.840 1.20 «311 -.490 -.037
6 =1../02 .810 .497 .354 -.849 1.21

Table D.2 : Price Elasticities for the Wood Industry:

fuel Eil Ei2 Ei3 Ei4 Ei5 Eib

1 -11.35 18.81 -5.61 -1.02 .204 -1.03
2 2.62 -3.40 1.22 .060 =1.26 «159
3 =921 .818 = s 131 .267 =002 -.431
4 -.280 .118 .791 -.998 .142 .227
5 .016 -.744 -.001 .042 +263 .424

6 -.146 .767 -.655 .116 .730 - =813
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Table D.3 Price Elasticities for the Furniture and Fixtures

Industry.

fuel Eil Ei2 Ei3 Ei4 Ei5 Ei6
1 -1.54 1.30 ~, 012 -.784 1.03 »011
2 .228 -.145 .035 .025 —~ + 150 .006
3 =, 007 .109 =126 =3 123 1,19 .129
4 -2.43 .455 -.704 -2.07 5.13 .381
5 .288 -4 240 .592 .463 -1.06 .038
6 .185 .590 3.81 -1.97 -2.21 .405
Table D.4 Price Elasticities for the Paper and Allied
Industry.

fuel Eil Ei2 Ei3 Ei4 Ei5 Eié6

1 -.234 —:272 .686 .924 ~1.20 .102
2 -.006 =.011 .070 =+ 657 -.004 .018
3 .032 140 -2.51 -.044 2.36 .022
4 .169 -« 512 -+172 -4.84 5.38 .016
5 -.047 -.008 1.97 1.158 —3.03 .040
6 w22k 1.72 1.02 -.193 -2,.,20 578
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Table D.5 Price Elasticities for the Primary Metals Industry.

fuel Eil Ei2 Ei3 Ei4 Ei5 Eié6
1 .067 -.218 2.59 .659 -.752 .244
2 = (05 .070 -.028 .163 =216 .016
3 .000001 -.070 -1.158 -.426 1.63 .020
4 .093 .919 -.981 -3.45 3.37 .044
5 -.028 =.323 .996 .896 -1.49 -.045
6 .374 1.00 .521 .485 -1.86 =527

Table D.6 Price Elasticities for the Metal Fabricating

Industry.

fuel Eil Ei2 Ei3 Ei4 Ei5 Ei6
1 -.799 1.77  -.302  -.531  .168 -.308
2 .304 -.308 091  -.017 ~-.130 .060
3 -.157  .276  -1.52 166 -.157 .043
4 -3.82 -.738 2.30  -4.18  6.31 .135
5 .035 -.159 .478 .183  -.481 -.056

6 -1.94 2.23 .524 .119 -1.70 771
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Table D.7 Price Elasticities for the Machinery Industry.

fuel Eil Ei2 Ei3 Ei4 Ei5 Ei6
1 -.786 1.95 «197 ~+975 -.459 P
2 .216 -.166 .090 -.043 -.139 .043
3 .064 .269 -1.44 « 131 .918 .061
4 -1.08 -.751 .758 -3.83 4.94 -.023
5 -.068 -.188 .416 .387 -.488 -.058
6 -1.89 2.23 1.07 -.068 ~2.25 .906

Table D.8 Price Elasticities for the Transportation Equipment

Industry.

fuel Eil Ei2 Ei3 Ei4 Ei5 Ei6
1 -.856 .638 .572 -1.54 1.17 .020
2 .064 -.025 .042 .101 =odd7 -.005
3 173 .128 -.711 =209 .539 .078
4 =1.01 .661 -.455 -2.11 3.22 -.304
5 .173 -.261 .263 - 725 ~.937 .036

6 .103 -+276 1.34 -2.38 1.26 -.052
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Table D.9 Price Elasticities for the Electrical Products

Industry.

fuel Eil Ei2 Ei3 Ei4 EiS Eib
1 -.230 .868 -.428 -.586 .261 .116
2 .050 .160 -.041 -.062 -.434 <327
3 -.079 -.130 -1.30 .054 1..15 .305
5 ~:693 =1.27 . 345 ~3 .50 5.20 -.077
3 «703 -20.00 16.80 11.85 -8.14 -1 22
6 .011 .543 .160 -.006 -.044 -.664

Table D.10 Price Elasticities for the Non-metallic Mineral

Products Industry.

fuel Eil Ei2 Ei3 Ei4 Ei5 Eib6
1 -1.02 1.89 -.287 -1.30 .946 -.215
2 .302 -.696 .543 .461 -.590 =019
3 -.083 .988 =2:02 .427 .713 -.024
4 =1. 10 2.44 1.24 ~3.92 1.52 -.186
5 .149 -.585 .388 .285 ~«319 -.081

6 -2.14 -1.24 -«853 -2.19 8wl 1.31
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Table D.11 Price Elasticities for the Chemical and Chemical

Products Industry.

fuel Eil Ei2 Ei3 Ei4 Ei5 Ei6
1 -.625 .336 -.472 -.341 .783 s 313
2 .013 .032 .088 « 107 -+.336 .044
3 =+ 057 .269 -2.24 ~s223 2.18 072
4 ~»120 1.39 -.645 -6.31 5.13 31 1)
5 .047 = s 8507 1.08 .879 =1.33 -.170

6 .744 2.71 1.45 3.83 -6.85 -1,92




Appendix E Empirical Results for the Static Model

Table E.1 Parameter Estimates for the Static Model for the Rubber and Plastics Industry

eq a, B B, Bi: B, B R? DW

iQ

K 3.7030 .02466 .08438 -.29864  .02468 -.14840 .9522 2.26
(.2979) (.0300) (.0223) (.0654) (.0156) (.0054)

iK

E -1.6363 -.06774 -.03232 .46947 -.03276 .08642 .9775 1.87
(.2565) (.0263) (.0190) (.0568) (.0134) (.0047)

Table E.2 Parameter Estimates for the Static Model for the Wood Industry

2
eq a, B B,, - B B, R DW

K 2.5586 .01185 -.03935 -.00827 .01155 -.08899 .7123 .80
(.3643) (.0125) (.0241) (.0460) (.0174) (.0044)

E .29262 .01187 .00868 .14532 -.01115 -.01253 .9608 1.69
(.2457) (.0084) (.0160) (.0308) (.0029) (.0117)

801



Table E.3 Parameter Estimates for the Static Model for the Furniture and Fixtures

Industry

eq a, Bix B, B,. 4 B, R? DW
K .16515 .02413 -.00508 -.68889  .042024 .18961 .9689 1.40

(.3643) (.0125) (.0241) (.0460) (.0174) (.0044)

E 4.4461 -.05394 .01700 1.2806 -.06433 -.21757 .9813 1.44
(.2457) (.0084) (.0160) (.0308) (.0029) (.0117)

Table E.4 Parameter Estimates for the Static Model for the Paper and Allied Industry*

eq ai BI'K ‘QII BIu BIt BIn, R2 Dw

K 2.2814 -.0113 ---—=  —-===- .00476 -.06750 .7395 1.10
(2.062) (.0176) (----- ) (----- ) (.0019) (.0208)

E -.4255 .03705 ----- -.00212 -.00166 .21834 .3276 .68
(.3591) (.0092) (----)  (.0087) (.0019) (.0020)

%9 Homogeneity and symmetry imposed.

bOI



table E.5 Parameter Estimates for the Static Model for the Primary Metals Industry’®

eq a, B, B;. B B:. B, R? DW

K .8716 -.0318 .0587 -.01484 ---- ----- .7918 1.48
(0030)  (.0093) (.0144) (.0073) (.--==) (.----)

E -.0278 .02269 -.03779 -.01579 S - .4922 .73

(-0020) (.0061) (.0096) (.0073) (.====) {.====)

Table E.6 Parameter Estimates for the Static Model for the Metal Fabricating Industry

eq a, B B B B B R? DW

It Iq

Ik 1Y le

K 3.3100 - .01412 .06052 -.01412 .01146 -.1222 .9226 1.57
(.6610) (.0040) (.0574) (.0133) (.0040) (.0359)

E -.5233 -.08808 -.06052 .01446 -.01591 .02686 .9659 1.60
(.6610) (.0360) (.0574) (.0133) (.0035) (.0311)

> Hicks Neutral Technological Change and homotheticity.

Ol



Table E.7 Parameter Estimates

for the Static Model for the

Machinery Industry

eq ai BI‘R BIl BI-: ﬁIL BIq R2 DW

K 4.4483 -.1061 -.05694  .04955 .02461 -.1828 .9699 2.11
(.4979) (.0367) (.0573) (.0165)  (.0046) (.0243)

E -1.4421 .15670 .27820 -.02040 -.03497 .0737 .9480 1.25
(.8549) (.0638) (.0990) (.0289) (.0080) (.0341)

Table E.8 Parameter Estimates

for the Static Model for the

Transportation Industry

eq ai ﬁI‘i JII BIu BIt BIg Rz Dw

K 4.4759 -.01871 -.13275 .05278  .02719 -.1728 .7669 1.87
(.5998) (.0229) (.0532) (.0201)  (.0055) (.0278)

E -.3948 .01370 .12800 -.1060 -.01121 .0194 .9775 1.04
(.1830) (.0070) (.0162) (.0061) (.0016) (.0341)



Table E.9 Parameter Estimates for the Static Model for the Electrical Industry®

eq a, Eox B, B, B, B R? DW

K .6790 .04261 =.19928 =,0478L 01112 ~==== .9400 1.25
(.0127) (.0229) (.0474) (.0232) (.0039) (~~=== )

E .0537 .00945 .29891 -.0207 -.01839 ----- .9751 1.54
(.0096) {(.0204) (.0357) (.0175) (.0029) (--=-- )

Table E.10 Parameter Estimates for the Static Model for the
Non-Metallic Mineral Products Industry’?

£9 4 BIk Bn BIc Blt BL, R’ DW

K 2.5532 -.03638 .15163 -.05379 -—---- -.0831 .9691 1.67
(.1982) (.0088) (.0237) (.0046) (.----) (.0157)

E -.1843 .01826 -.06557 .06431 ------ .01099 .9935 2.34
(.1982) (.0053) (.0145) (.0028) (.----) (.0965)

>  Homotheticity imposed.

2 Hicks Neutral Technological Change imposed.



Table E.11 Parameter Estimates for the Static Model for the

Chemical and Chemical Products Industry®’

eq a, B, B By B B, R’ DW

K 1.3281 00614  =—=== .02407 .00291 -.02000 .9691 1.48
(.1086) (.0050) (----) (.0059) (.0005) (.0051)

E -.4409 -.00596  ----- -.00871 -.00199 .02210 .9935 1.54

(.0645) (.0030) (----- ) (.0035) (.0003) (.0308)

>  Homogeneity imposed

cll
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Appendix F AES’'s for the Static Model

Table F.1 AES for the Rubber and Plastics Industry

£q oi: oiL aiz

K -.134 .681 -.020
L .681 -2.98 -.922
E -.020 ~.922 2.29

Table F.2 AES for the Wood Industry

& oiK aiL oiE

K -.440 1.29 1.04
L 1.29 -3.62 -4.27
E 1.04 . -4.27 5.27

Table F.3 AES for the Furniture and Fixtures Industry

£ 9k 941 is—
K =.911 1.25 .259
L 1-25 _2502 .298

E «259 .298 -1.60




Table F.4 AES for the Paper and Allied Products Industry

eq 0% Qs (o8

K -.191 .583 1.70
L .583 =2 ¢ 32 =3.37
E 1.70 ~3. 37 -21.31

eq oi:( O;L oii‘

K - 165 1.11 1.95
L 1.11 -6.86 -15.74
E 1.95 -15.74 1.95

Table F.6 AES for the Metal Fabricating Industry

eq Ok 21t 9k
K -.543 1.39 .155
L 1.39 -3.34 -2.12

E .155 -2.12 11.25
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Table F.7 AES for the Machinery Industry

eq 9ix 9, O

K -.666 1.27 1.26
L 1.27 : =2..10 -3.86
E 1.26 -3.86 3.59

Table F.8 AES for the Transportation Equipment Industry

€q oix oiL oiE—
K -.493 .896 1.14
L .896 =207 ~.899
E .854 -y 211 =T+ 60

Table F.9 AES for the Electrical Products Industry

€q O,x 9yr O
K .057 .650 -1.24
L .650 -22.92 26.02

E ~3,37 26.02 61.88

116
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Table F.10 AES for the Non-Metallic Mineral Products Industry

eq oiR O;L oiE
K -.255 1.25 1.38
L 1.25 -2.95 ~13.36

E 1.38 -13.36 5.56

Table F.11 AES for the Chemical and Chemical Products Industry

eq oi;'\ oiL aiE
K -.098 1.10 1.07
L 1.10 -16.71 =2« 7%

E 1.07 ~2: 75 -31.60




Appendix G Price Elasticities for the Static Model

Table G.1 Price Elasticities for the Rubber and

Industry

€q EiK . EiL EiE—
K -.104 .837 -.001
L .528 =1: 10 -.063
E _0015 _0146 -159
Table G.2 Price Elasticities for the Wood Industry
eq Ei; Eu. Em—
K -.326 .961 .036
L .290 -.812 -.148
E <772 ~-.956 .183
Table G.3 Price Elasticities for the
Furniture and Fixtures Industry

eq EiK EiL E.Ln

K -.467 .429 .037
L .645 -.689 .043
E .133 .101 -.234

118
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Table G.4 Price Elasticities for the Paper and Allied Products

Industry

eq Eix E, E,
K <5155 083 .072
L .475 -x331 -.143
E 1.38 -.480 -.907

Table G.5 Price Elasticities for the Primary Metals Industry

g EiK EiL EiE

K -.146 .099 .045
i .983 -.617 -.370
E 1.72 -1.41 -.045

Table G.6 Price Elasticities for the Metal

Fabricating Industry

€9 Ex E, E.
K =371 .368 .006
L «965 -.143 -.085
E .107 -.561 .455
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Table G.7 Price Elasticities for the Machinery Industry

£ Ei:'\ EiL EiE

K -.437 +351 .083
L .834 -.581 -.255
E .827 -1.06 .237

Table G.8 Price Elasticities for the Transportation Equipment

Industry

£q Ex E, Ep
K -+365 .207 .030
L .664 -.480 =.023
E «633 -.048 - s 202

Table G.9 Price Elasticities

for the Electrical Products

Industry

=L | Em Eu. EiB—-
K .038 174 -.070
L .438 -6.14 31.48
E -2.27 6.97 3.53
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Table G.10 Price Elasticities for the

Non-metallic Mineral Products Industry

€q E. Ey Ep—
K ~ . 213 .136 .075
L 1.04 ~«323 ' -.727
E 1.15 -1.46 .302

Table G.1l1 Price Elasticities for the Chemical and Chemical

Products Industry

eqg E E E

iK 1L iE—
K -.089 .061 .028
L 1.00 ~+936 -.072

E .981 =5 .154 =+ 835
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Appendix H AES’'s for the Dynamic Model

Table H.1 AES for the Rubber and Plastics Industry

equation on [+ ]9 &

K -, 145 .610 .266
L .610 «1.19 -4.63
E .266 -4.63 8.55

Table H.2 AES for the Wood Industry:

equation Ox g, <

K =21l .298 2.85
L .298  .253 -8.88
E v 2.85 -8.88 -3.52

Table H.3 AES for the Furniture and Fixtures Industry

equation o o o

1K 1L iE
K -2+55 1.32 6.87
L ' 1.32 -1.34 =1.78

E 6.87 ~1,78 -23.25
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Table H.4 AES for the Paper and Allied Industries

equation < g, - -

K -.164 -455 1.65
L .455 ~+985 -5.47
E 1.65 -5.47 -13.45

Table H.5 AES for the Primary Metals Industry

equation [ 9 s, O

K ;127 =19.37 2.19
L -19.37 ~2.31 1.92
E 2.19 1.92 2.19

Table H.6 AES for the Metal Fabricating Industry

equation O.x o, O
K -1.17 19.94  -123.25
L 19.94 -394.22  2498.80

E -123.25 2490.80 -15899.64




Table H.7 AES for the Machinery Industry

equation a,.,. o, o

1K: AL iE
K =+ 959 =25 19 21.17
L -2+19 45.08 -188.99
E 21.17 -188.99 657.76

Table H.8 AES for the Transportation Equipment Industry

equation O 0, O,:

K -1.98 4.46 18.03
L 4.46 -9.28 -47.77
E 18.03 -47.77 -96.11

Table H.9 AES for the Electrical Products Industry

equation L g, O,x
K -.120 .082 1.16
L .082 «+033 ~1.26

E 1.16 -1.26 -8.75
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Table H.10 AES for the Non-metallic Mineral Products Industry

equation O.x + 9.

K -.196 1.28 .464
L 1.28 ~8.59 -2.56
E 464 -2.56 -2.09

Table H.11 AES for the Chemical and Chemical Products Industry

equation [+ 98 Qs O
K -.089 1.03 .902
L 1.03 -17.52 1.30

E .902 1.30 -34.08
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Appendix I Price Elasticities for the Dynamic Model

Table I.1 Price Elasticities For the Rubber and Plastics

Industry

i= Eil( EiL E:I.E

K -+113 .096 .016
L .475 -.189 -.285
E «207 -+ 135 «527

Table I.2 Price Elasticities For the Wood Industry

i= EiK EiL EiB

K -.156 .067  .089
L 2221 .057 -.278
E 2.11  -2.00 -.110

Table I.3 Price Elasticities For the Furniture and Fixtures

Industry

EiK EiL EiE

K -1.34 .455 .885
L .694 -.462 -.229
E 3.61 -.614 -2.99
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Table I.4 Price Elasticities For the Paper and Allied Products

Industry

i= = iK———EiL EiE

K -+133 .064 .069
L .371 -.140 -.230
E 1.34 o171 =567

Table I.5 Price Elasticities For the Primary Minerals Industry

1= Ex E, Ee

K -.112 -1.75 .051
L =17 .:15 -.209 .044
E 1.94 .174 .051

Table I.6 Price Elasticities For the Metal

Industry

i= EiK EiL EiE

K =817 5.28 -4.47
L 13.92 -104.57 90.64

-86.08 660.50 -576.75

o]

Fabricating
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Table I.7 Price Elasticities For the Machinery Industry

1= Eiz EiL EiE
K -.634 -.580  .767
L -1.44 11.95 -6.85

-50.10 23.86

3]
-
>
o
[y

Table I.8 Price Elasticities For the Transportation Equipment

Industry

- S EiR E.‘LL EJ.E

K -1.47 1.03 .444
L 3031 _2|14 —ll17
E 13.41 -11.04 -2.36

Table I.9 Price Elasticities for the Electrical Products

Industry

i= EiK EiL Eiz

K -.081 .021 «059
L .055 .008 -.065

E .789 -.337 -.451
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Table I.10 Price Elasticities for the Non-metallic Mineral

Products Industry

L= EiK———EiL EiE

K -.164 .141  .023
L 1.07  -.947 -.131
E .388  -.282 -.107

Table I.11 Price Elasticities for the Chemical and Chemical

Products Industry

i= EiR EiL EiE
K -.081 .057  .023
L .945  -.981  .034

E .827 072 -.901




Appendix J Empirical Results for the Dynamic Model

Table J.1 Parameter Estimates for the Dynamic Model for the Rubber and Plastics Industry (standard errors in parenthesis).

eq_a, i, Yio— B4y Bin Bis Boi—Bry $11 $21 12 S22 813 53 By By
1 -2.9878 .1824 -.6279 -.1017 -.0168 .05600 .00462 -.0251  -.14161 .08544 ~-.01238 .07210 .55423 -.36529 .11441 .17097
(.5785) (.2584) (.2823) (.0288) (.0110) (.0647) (.0040) (.0288)  (.0387) (.0295)  (.0185) (.0144) (.0655) (.0492) (.0175) (.0130)

DW 2.3175 RZ .9098

2 5.7441 1.1946 2.0174 .03731 .05684 +11343 ~.0673 -.0144 s - - - - - & -
(.6869) (.3147) (.3425) (.0356) (.0147) (.0798) (.0191) (-0048)
DW 2.0284 R“ .9514

Table J.2 Parameter Estimates for the Dynamic Model for the Wood Industry (standard errors in parenthesis).

eq ay Yy Yip— B Bia By Bos—Bry 11 821 912 $52 13 553 By By

1 .99138 .20522 -.1406 -.0807 -.0546 .05182 -.02476 -.0035 -.0276 .11761 ~.1296 .28608 .40548 -.7394 %1178 .19923
(-3643) 5.1135) (.0808) (.0136) (.0140) (.0463) (.0053) (.0012) (.0159) (.0329) (.0456) (.0945) (.1251) (.2589) (.0531) (.1101)
DW 2.4706 R™ .9482

2 .36096 1.0545 .66020 .11175 .02239 .01586 -.0568 -.0009 - - - - - - - -
(.4874) (.1539) (.1077) (.0188) (.0184) (.0646) (.0074) (.0009)
DW 2.5691 R® .9675

Table J.3 Parameter Estimates for the Dynamic Model for the Furniture and Fixtures Industry (standard errors in parenthesis).

&g a Y41 Yip—B41 By Bis Bos By 511 %71 812 522 913 833 By B

1 3.7684 -.2498 -.4471 -.2244 -.1273 1.1977 -.3046 .28658 -.1125 -.1809 .24470 -.2684 -.6122 .42916 .22035
(1.186) (.1314) (.2520) (.0388) (.0418) (.2249) (.0503) (.0847) (.0443) (.1247) (.0666) (.2383) (.3917) (.1333) (.2635)
DW 2.1631 R® .9450

2 -2.4195 .25526 .07396 .24233 -.0109 -.6727 .0272 = = = - & = = -
(.9375) (,0545) (.0739)(.0335)(.0398)(.2158) (.0487)
DW 2.4480 R~ .8869

Q¢!



Table J.4 Parameter Estimates for the Dynamic Model for the Paper and Allied Products Indust.ry“ (standard errors in parenthesis).

i Ti—1 By1—B4; . .

Qi—

1 .57963 .44512  .33545 -.01237 .00046 -.01092 .02501
(.4626) (.0063) (.0078) (.0154) (.0068) (.1836) (.2229)
DW 1.8361 R® .3944

$a
i2 13

2 .69222 -.39892 .20486 .03951 -.00488 =-.01470 .69222
(.0065) (.2868) (.3480) (.0065) (.0133) (.0239) (.0115)
DW 1.9195 R* .7177

Table J.5 Parameter Estimates for the Dynamic Model for the Primary Metals Indust.ryss (standard errors in parenthesis).

B,

g Y

_- Yy — Y55 B4y B

49
1s

1 .26258 .69488  .27915 .01319 .02727 -.03958
(-4626) (.0063) (.0078) (.0154) (.0068) (.1836)
DW 1.8575 R .4423

2 .73768 .13835 .84000 -.00955 -.03493  .05517
(-1330) (.1572) (.1557) (.0083) (.0072) (.0551)
DW 1.7867 R .4529

Table J.6 Parameter Estimates for the Dynamic Model for the Metal Fabricating Industry (standard errors in parenthesis).

a4y Y1 Y2 Byq Byy B3 Bos By 811 551 8,2 72 13 853 By By —
1 -1.7509 -.2770 -.6630 -.01921 -.00966 -.06142 -.01921 ------ .01673 -.0005 -.13200 .08328 .22389 -.05672 -.03327 -.07564
(-4656) (.1108) (.1139) (.0098) (.0066) (.0090) (.0260) (----) (.0104) (.0087) (.0302) (.0255) (.0601) (.0509) (.0237) (.0200)

DW 2.8151 R™ .9501

2 4.3075 1.2988 1.4385 -.07146 .03325 -.04197 .14365  ----- - - - . E - - -
(1.046) _(.2481) (.2580) (.0233) (.0152) (.0212) (.0579) (----)
DW 2.7018 R“ .8082

> Autoregressive model

> Autoregressive model

1€



Table J.7 Paramseter Estimates for the Dynamic Model for the Machinery Industry (standard errors in parenthesis).

89 _a, Y31 Yi,— B4 By Bys Boi By 811 921 812 52 813 %23 By B —

3 i |

1 -1.0542 .2148 -.2809 -.11048 .01371 -.04728 .00888 -.01504 -.17997 .10240 -.19906 .01070 .92197 .28177 -.00845 -.15994

(.4989) (.0626) (.1363) (.0091) (.0110) (.0276) (.0071) (.0018) (.0318) (.0141) (.0696) (.0291) (.1219) (.0520) (.0356) (.0149)
DW 2.1574 R® .9869

2 5.8554 .3618 1.4552 -.16237 -.01163 .17600 .02417 -.16237 - - = - - B -
(1.171) _(.1428) (.3149) (.0214) (.0245) (.0624) (.0163) (.0043)
DW 2.4515 R° .9508

Table J.8 Parameter Estimates for the Dynamic Model for the Transportation Equipment Industry (standard errors in parenthesis).

ed_ay Y51 Yip— Bqy Byp—  By3— Boy Brry 911 %21 812 22 813 823 By Bp—
1 .6274 .2532  .07391 -.04958 .01546 .03262 .00391  ----- -.59165 1.7647 -.15017 .32628 1.4505 -3.9781 -.50905 1.3866

(.1190) 5.0709) (.0490) (.0043) (.0052) (.0084) (.0164) (.----) (1.586) (4.531) (.2297) (.6547) (3.552) (10.14) (1.307) (3.733)
DW 2.6161 R™ .9269

2 -.06171 1.2285 .46575 .078140 .010708 .02666 -.12791  ----- = = = 2 - x
(.4191) _(.2775) (.1815) (.0174) (.0304) (.0586) (.0155) (.----)
DW 2.8599 R® .9364

Table J.9 Parameter Estimates for the Dynamic Model for the Electrical Products Industry (standard errors in parenthesis).

eq ay 5t  fpm— T B

1 -.59171 .0561 -.09603 -.04860 -.02762 -.02762 -.09603 -.00224 -.05256 .01539 -.11014 .19473 .33551 -.30939 -.00836 -.02779

(.1190) (.0709) (.0490) (.0043) (.0052) (.0084) (.0164) (.0024) (1.586) (4.531) (.2297) (.6547) (3.552) (10:14) (1.307) (3.733)
DW 2.9038 R® .9655

12 Bys Bot By 211 81 12 32 %13 %23 By By

4 5

2 1.6336 1.4384 1.4208 .07926 -.00131 .10821 -.03871 -.00854 = - - & - -

(.4191) _(.2775) (.1815) (.0174) (.0304) (.0586) (.0155) (.0045)
DW 2.5710 R® .8719

A%



Table J.10 Parameter Estimates for the Dynamic Model for the Non-metallic Minerals Industry (standard errors in pamthesis).ss

ed o, Y44 Yio—By1 Byy Bys Boy Brpy 811 521 82 852 913 23 By By

1 .18083 1.5139 .51608 .02762 .00169 -.08501 .02762  .00169  .06814 ~-.05285 -.036843 -.07308  ----=  --mmv .04033 -.08897
(.4517) &.3572) (.2349) (.0136) (.0113) (.0363) (.0065) (.0014) (.0065) (.0090) (.0129) (.0177) (----) (-=---) (.0150) (.0210)

DW 2.1830 R™ .8941

2 2.2428 -.32624 .76077 -.01948 -.05119 .01183 -.08649 .00485 - - - &= - - - =

(.6692) _(.5338) (.3410) (.0204) (.0166) (.0513) (.0123)  (.0021)
DW 2.3273 R® .8863

Table J.11 Parameter Estimates for the Dynamic Model for the Chemical and Chemical Products Industry (standard errors in parenthesis).57
eq_ay i1 Ty—Byy By By3 Boj—Bry 511 571 812 822 %13 823 131 - —
1 -.15944 1.9429 .41140 -.01909 -.00559 .00841 .00246 -.00177 -.00539 .02444 -.00539 .01647 - ----=  —e—-- .01723 -.01430

(.1285) 5.3799) (.1750) (.0044) (.0025) (.0125) (.0050) (.0004) (.0027) (.0086) (.0035) (.0109) (=----) (===-) (.0021) (.0069)
DW 2.1932 R™ .7478

2 .7344 -2.2277 -.01471 .04291 .0053891 .02970 .01599 .00299 - = - x s - - -
(.7344) _(.7106) (.3307) (.0085) (.0053) (.0251) (.0099)  (.0008)
DW 2.0906 R™ .7009

°®  Homogeneity imposed

57 static Model

cel



Appendix R1

Residuals

Fitted vs Residuals Static Model

Fitted vs Residuals
Eq. 1 Rubber and Plastics |Industry

0.015 |-
0.0 |
0.005 | /f/jrj\
1 A
y
-0.005 d/f\\zr
_0.01 |

-0.015 |-

-0.02 [~

-0.025
0 02]o0 02]0.01]0.02|0 01]0.03 |0 0af0.11]0.13|0 5[0 17|

0.01 0.01 0.00 0.00 0.02 0.04 0.71 0.711 0.13 0.17 0.18
Fitted
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Residuals

0.02

0.015

0.00s5

-0.005

-0.01

-0.015

-0.02

-0.025

Fitted vs Residuals
Eq. 2 Rubber and Plastics |ndustry

y

nﬂ/\ A
/N |

0.02[o b2]0.01]0.62]0.01]0.03]0.0af0.11]0 3]0 5[0 17|
0.01 0.01 0.00 0.00 0.02 0.04 0.711 0.11 0.13 0.17 0.13

Fitted
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Residuals

0.012
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0.008
0.006
0.004
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-0.002
-0.004
-0.006
-0.008

-0.01
-0.012
-0.014
-0.016
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-0.02
-0.022

Fitted vrs. Residuals
Eq. 1 Wood |ndustry

W

0.02]o.00]o0.00]0.01]001]0.01[0.04 0 06 [0 0s [0.0e 0 08|

0.01
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0.01 0.03 0.05 0.06 0.07 0.08 0.08
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0.025

0.02

0.015

0.00S

-0.005

-0.01

-0.015

Fitted vs Residuals
Eq. 2 Wood |ndustry

A

0.94]0.75]0.76[0.75]0.75[0.73[0.75 [0.72[0.71[0.73 0. 53]
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Residuals

.03

.02

.01

.01

.02

.03

.05

.06

Fitted vs Residuals
Eq. 1 Furnitures and Fixtures Industry

‘04fo’01f0’010 020 02]0 820 17]0.27]0.25 [0.36 [0 40|
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Residuals
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.02

.01

.01

.02

.03

Fitted vs Residuals

Eq. 2 Furnitures and Fixtures

Industry

0.60|o.62]0.52]0 oo oo sﬂn sjn '4—|n 43]0.38 [0 54|

0.61 0.62 0.61 0.80 D.60
Fitted
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Residuals
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Fitted vs Residuals

Eq. 1 Paper and Allied |ndustry

0. o4|c1 04[0 04]0. 04 |0 05|0 040 03[0 b4]a. u4|a 040 0s|
0.05

0.
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Fitted
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Residuals

141

Fitted vs Residuals
Eq. 2 Paper and Al lied |ndustry
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Residuals
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Fitted vs Residuals
Eq. 1 Primary Metals |ndustry

0.03]o 020 02[0.02]0.02[0. 020 02]0.0a]0.02[0. 020 03]
0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03

Fitted

142



Residuals
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Fitted vs Residuals
Eq. 2 Primary Metals Industry
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Residuals
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-0 00s
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Fitted vs Residuals
Eq. 2 Metal Fabricating |Industry
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Residuals
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Fitted vs Residuals
Eq. 2 Metal Febricating Industry
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Residuals

Fitted vs Residuals
Ea. 1 Machinery Industry
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Residuals
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Fitted vs Residuals

Eq. 2 Machinery Industry
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Residuals
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Fitted vs Residuals
Eq. 1 Transportation Equipment Industry
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Residuals
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Fitted vs Residuals
Eq. 2 Transportation Equipment [ndustry
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Residuals
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Fitted vs Residuals
Eq. 1 Electrical Products Industry
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Residuals
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Fitted vs Residuals
Ea. 2 Electrical Products Industry
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Residua s
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Fitted vs Residuals
Eq. 1 Non-metallic Mineral Products
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Residuals
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Fitted vs Residuals
Eq. 2 Non-metallic Mineral Products
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Residuals
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Fitted vs Residuals
Egq. 1 Chemical and Chemical Products
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Residuals
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Fitted vs Residuals
Eq. 2 Chemical and Chemical Products
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Appendix R2 Fitted vs Residuals Dynamic Model

Fitted vs Residuals
Eq. 1 Rubber and Plastics |ndustry
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Residuals
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Fitted vs. Residuals
EQ. 2 Rubber and Plastics Industry
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Residuals
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Fitted vs. Residuals
Eq. 1 Wood |ndustry
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Residuals
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Fitted vs. Residuals
Eq. 2 Wood |ndustry
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Residuals
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Fitted vs. Residuals

Ea. 1 Furniture and Fixtures |ndustry
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Residuals
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Fitted vs. Residuals

Eq. 2 Furniture and Fixtures Industry
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Residuals
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Fitted vs. Residuals
Ea. 1 Paper and Allied |ndustry
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Residuals
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