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, /' ABSTRACT

The purpose of this,theeis;is to analyze ehe broduction
structure of the legging sectof of the Albergarforest i
iedustry. The problems of wood &upply, embioyment stability,
technological progressvand gempetitiveness are economic in
nature and have a significant impact on the forest industry.

&

Econometrlc analy51s of productlon structure facilitates o,

e
J

deyelopment of a qguantitative description ‘of industry
structure. The quantitativé structural hodel‘provides a
framework f%om which economic issues concerning logging may
be addressed. v
The descriétébn of structure was accomplished through
t?e‘use of a flexible form production model. A
transcendental logarithmic eost function consisting of the
real prices of capital; labour; fuel and wood inputs was
utilized in the amalysis. Use of the &ranslog‘cost function
~permitted specificatien of a numper of nested models. Tests
_of parametefs of nested models revealed that the production.
structure was best represented by .a nodhgmothetic,
non-neutral technical change#transldgjcost fuﬁction.
E§timation of scale and output parameters indicated
that technical chahge was eepital using and labour,
wood. sav1ng Scale was found ‘to be capltal and labour using
’and wood and fuel sav1ng Comparat1ve sta?1c results

!

1nd1cated input demand was h1ghly 1nelast1c in all cases>~\i£»'.\
oA

Slgnlflcant subst1tut1on relatlonshlps were observed between

capital and labour.

fo : . ', : ) : ‘ . o1
. dv o . .
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The results obtained from the parameter estlmates ok\

whe godel have policy implications beyond direct economic

interpretation. The inelasticity of input demand is typical

of primary industries. The forest industry is characterized

by instability of forest pfoduct ‘prices. The relative

insensitivity of 1nput demand to price changes may cause the
logging sector to be S1gn1f1cantly affected by price
1nstahility. ABberta stumpage policy changed during the

period of this stydy.-Crown dues, previously adjusted
"according to market prices, were institutionally fixed after
1976, eausing'a diStortion of economic indioators"J

yInflex1b111ty ef the wood prlce forces output price changes
. to be absorbed among other inputs, possibly contr1but1ng to
.pr1ce 1nstab111ty. Current appraisal methods in Alberta are.
ineffective in oapturino the priee of timber and should be
reevaluated by pollcymakers. The results show that a shift

: /
' away from labour is occurrlng in logglng Technlcal change’

and subst1tut1on elast1c1t1es 1ndlcate that cap1tal is’ be1ng
~subst1tuted for labour. Scale effects may offset labour_
losses ;hrough employment increases that occur‘withzindustry
expan51on.\Government frequently promotes Iarge scale

- cap1ta1 investment in the forest 1ndustry that may
‘contrlbute to 1ndustry development and eff1c1ency. However :

existing employment levels may only be preserved rather than

,1ncreased by thlS act1on. 4 Jf~,hy
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I. INTRODUCTION

This study contains an econometric analysis of logging
production in Alberta. Its purpose is to ide&tify} describe
and measure 1n economic terms those criteria that
chafacterize the Alberta 1oggidg industry. A tfanscendental
logarithmic cost function was utilized 1n the economic
analysis. This flexible form cost function allowed a variety
of models to be tested and fasilitated the selection of a
model most rebresentative of the production,structure of the
Alberta logging industry. |

Logging is that aspect of thé forest inéus;ry concerned
with the location of merchantable standing timber and its
harvest. This includes felling, limbing, deckingsand hauling
of raw timber. Road layout and construction is fréguently
included with logging as well. Logging is the first step 1n
‘any of the industrial processesg associated with the foresf
4 \ :
industry. Since logging is an essential phase in all forest
industries, the role‘of'this primary industrial activity
within the forest industry is highly.significant.

Forests in the province of Alberta cover appréximately
‘ 53 pefcgntaof‘thé’brovincial area and are estfmated to
containv57,00Q million cubic feet of groying stock (Ondro
and Williamsbp; 1985). kiberta is Canada's fourth 1arg¢§t
érovincé in terms Qf-productivé forest area and merchantable

volume, éonsequently, Alberta has the forest resource
b. .
. c\. ) \

potentialg%oamake it a major force in the Canadian forest

industry and to make forestry a major force in the.



provinciai economy .

The forest indusnry has, historically, played a major
role i1n Canadian econqmic development and prosperity. Today,
its role is no less significant. In 1980 the total value of
exports by the forest industry was nearly 13 billion
dollars, accounting for 17 percent of the nation's total
exports (Williamson, 1983). Of the total dir€ch employment
in the furest industry, logging accounts for one fifth of
‘the total. This tends to understate the importance of
logging. Although it employs relatively few, it supports

other forest industry jobs which in turn generate other

indirect employment outside of the forestry sector.

A, JUSTIFICATION AND PROBLE& STATEMENT
Economic analysis of the logging sector is warranted by
‘the importance of the forest industry to fhe Canadian and -
Alberta economies and by the lack of past ‘research in this
area. Pfevious studies have tended to focus on the
manufacturing activities associgézd with the forest industry

-«

and only approached logging as an afterthought.' Thus,. there

is a leg1t1mate need for more detailed study of the logg£ng
sector.

The perceived need for economic research in fhe forest
industry and the logging sectur in particular is reinforéed'
by the timber supply crisis currently facing the Canadian
forest industry. The contentioué’issuebof timber sUpply‘hns

'A recent example of this treatment of logglng can be found
in a paper by Martinello (1984)



» ‘
rgceived attention in both academic and political arenas.

.This problem has s%rong economic implications and the area
where these'prbblemg initially surface is the logging
sector. Declining economically accessible supply forces wood
input costs upward and causes productidn to expand intenéive
and extensive margins (B.C. Ministry of Forests, 1980).
Alberta currently does not face a shortfall in supply
because of its short logging h;story and above avefage
regeneration record. However, the timber supply situation‘
may change 1in the future, making declining economic supply
an issue of present and future concern. There are problems
facing the logging sector which are economic in nature.
Inadequate past research in this area further compounds
these problems due to a‘iack of information and
Qﬁaenstanding. There is a need for research in this area.
Econqmic analysis of forest industry structure-has been
iaenEifipd as an area of research need for western Canada
and éarticulan&y the province of Alberta (Phi}lips et‘al.;
1984). '

B This thesis contaiﬁs a microeconomic analysis ok
*.logging production in Alberta through time. The study 1s a
step tdward meeting the need fon‘economiC'ahalysis of the
.‘fofest industry and will p;ovide a structural profile of.the
. logging sector of the fdrest'indﬁstry. This study is similar
in method,and intent to Banskota's K1984) study on sawmill

"production structure in Alberta. These two studies offer

comparable results and together provide insight into a major

-



portion of the Alberta forest 'industry.

B. THE ALBERTA FOREST INDUSTRY
In Alberta, the forest resource, despite its dominance
of the landscape, takes a back seat to petroleum and

4

agriculture in terms of economi¢ importance and public !
awareness. The role of forestry is an important one that can
be increased in significance through continued development
ot the forestry sector.

The direct contribution of the logging industry to the
economy of Alberta is small in terms of grp®s. domestic
product. Logging is a primary industry invoiving simple
resoufée extraction and pas limiteé potential for value

added because logs, as the final output of the sector ¢annot

Eafl

be significantly improved. The indirect impact of 1lo
the economy of Alberta has a much greater significance.

forest industry (which obtains its wood inputs from the

logging sector) accounts for 20 percent of the value added
.in the manufacturing industries which in turn account for
8.9 percent of £he Alberta gross domestig product (Onéro and’
~Williamson, 1982, pp. 99-103). In compariéon'the' |
Q_;Qbﬁpetfochemiéal industry accounts for 18.9 percent of the
-manufaéQurihg c?ntribution to gross‘domeétic'product. Thus,
the loéging iﬁdustry playé a significant but indirect role“

e R ‘ ‘ _
in the ATQerta economy in -terms of value added and gross
. \ s L . .

,_// + domestic product.
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Logging,‘in terms of employment, is s%gnificant both
éirectly and indirectly.

"Total dirgct empioyment by. the forest inaugtry (in

1978-79) was 1,915 person years in loggi;g and 4,502

person years in manufacturing. An additfodal'9,003

jobs were supported by the industry" (Ondro and

Williamson, 1982). mi
Althéigh the impact of the forest inéhstfieé;On émployment‘
is small relagive to the total workférce of 915,000 pe;éons,%
many of &he jobs occur in communities which are partially or
wholly dependant on the forest industry. ‘

Despite‘the importance of forest industty in the Co
economies of Canada and Alberta, studies of the economic
dynamics of these industries have been limited in both sc?pe
and number. In Alberta studies by Ondro and ﬁilliamson -
(1982), Bigsby (1983), Williamson (1983), and Banskota
(1984) have.fontributed to knowledge of the subject.

Howeve:, thgie studies have focused on the manufacturing
side of the|industry, particuiarly 5§wmilling.fEconomié
analysis of logging in Alberta has been léékiné;iﬁxthe pést
and to daté no microeconomic analysis of the structure of

A
the loggirig sector has been performed}_This study will

utilize neoclassical m%crOeconomic theory and current
production analyticai techniques to fill this bqid in.the
present/state of knowledge‘about the logging sector of the

. Albert férest economy.

/

Wt



C. METHODOLOGY
Production econom{cédis concerned with resource
allocationvin terms of optimal combinations and levels of
fesource inputs in-a production process. It examines
production choices and how these choices are influenced by
changes in technical and ecqpomic circumstances (Beatie and
Taylor, 1985). Neoclassical production theory postulates
that output is produced by combinﬂné inputs in some process.
This study assumes that logging output is a function of the
inputs labour, capital, fuel, and standing tiﬁber.
Production economics 1is a stud% of optimizing behavior,

A primal setup of a production system inVolves the explicit
solution of an optimization probiem such as determining the
profit maximizing level of output. Duality is a mathematipél
felationship, whose discovery is attributed to Shephard
(1953), which allows one to obtain the Aame results from the
partial différentiatipn of an indire objéctive function as
from the primal optimiiation problem. For example the dual
of the primal of profit maximization would be cost
minimization.

.Duality é}lows the use of input expenaiture data in the
solution of a cost fuiction which is the dual of -a . |
prgduétioﬁ function. Expenditure data has man§ ad&antages in

terms of quality and availability of data as well as certain

" favorable statistical properties. This study utilizes input

expenditure data in determining the production structure of

e -
L - . ¥y
P S e

the Alberta -logging. industry.



The specification ofz:an appropriate functional form to
model the production process is an important aspect of any
production analysis. In this study a transcendental
iegarithmic or transiog fenctidn was selected to represent
the production structure of the Alberta logging indusgry.
This function was chosen for itg flexible form
characteristics and its lack of restrictions in the
specification of a production structure. It was selected
over ﬁ%re tradiiionaleorms such as the Cobb Douglas ork?,
Constant Elast1c1ty of Substitution productlon functions
because of its superior statilstical qualltles and more
reallstlc 1mp11cat10ns when applied to the real world.

Appropriate econometric technigues were utllxzed in the
estimation and testing of the translog models developed in

the analysis.

D. OBJECTIVES OF THE STUDY
The purpose of this study is to develop an econometric

analy51s of logging in Alberta based on tlpé series data and
&

to interpret the results developed therein. The ahglys1s
.- - &
requires the specification of a cost function for the "\
4?ndustry and the estimatien of the;patameters of F@E cost
function.‘Developed from this analysis will be comparativeQ

static results in the -areas of 1nput pr1ce elast1c1t1es,
elasticities of substltutlon, and techn1cal change over

time.,



. The specific objectives of this thesis are:

1. To assemble existing time series data on the logging \
ihdustry;
2. To put these data in an index form to facilitate

#
estimation;

3. To use econometric technigues on a translog cost

functional form to estimate parameters;

4. To derive returgsdto scale, input demand, factor

" substitution technical change and productive efficiency-
measures; and

N

5. To interpret results in terms of industry structure and

policy implications with emphasis on stumpage valuation.

E.\?UTLINE OF THE THESIS N |
“‘This thesis is divided into six chapters. Chapter two
contains the theoretiéal framework upon which the §nalysis
is based. Economic theory and modelling méthods afe
discussed, evaluated and compared in this chapter. The data
employed in the analysis is presented in the third chapter
which includes a description of thé data used, fhe gources
from which thef were obtained, and some of>the techniques
‘used in developing the data acqbrding to;the S?ecifiq needs
of ;he models. Chapﬁer four outlines the application of
‘economic theory in empirical‘eétimationﬁﬂThe actual
methodolpéy employed in the analysis is QeQCribéd in this .
. N :

section. The :esultS'éf the analysis are presented and

discussedfin'chapter-five. Chapter six provides an

-



interpretation of the results obtained and an identification
of the meaning of the various findings both from economic
and policy viewpoints. The sixth chapter also concludes the
thesis. It cortains highlights of the most significant
findings, resulting conclusions and suggested areas of

further research.
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11. THEORETICAL FRAMEWORK .

‘The énalytical techniques used in this thesis are
derived from the neoclassical theory of the firm. This
mainstream school of microeconomic thought éonsiders the%
firm as a technical unit which produces commodities. The
production of these commodities occurs through the
transformation of inputs to outpﬁts. Thé>transforma£ion
processs is subject to technical constraint$ and its
specification is known as the production function. The
production.function 1€ a mathematical expression of the
relationship‘befwee guantities éf.inputs used and
quantitiés of output produced. Specifications of the
production function can raﬁge>from a single point to a
variety of different functions to a system of equations.
This study is concerned primarily with one specification of
the production function, the translog. However other widely

studied functional forms are also discussed.

A. NEOCLASSICAL PRODUCTION THEORY o
" In neoclassical microeconomics, the production of

outputs as a fﬁhction of inputs can be written as

0= £(X,,...%,) | N e S

where Q is output and X,'s are inputs.wTQisAproductiont
. )
. » ‘ . N - k
function is subject to a budget constra1ni/

10 '
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N i=1 ’

where C is the cost of production, P,, 1s the price of input,
X, and X, is the guantity of input 1 and b is the cost of '
any fixed inputs.

Constrained optimization gf the production process can
occur as an output maximum or a cost minimum. The firm is
‘generally free to vary the levels of both cost and output
and hence the objec{ive of the firm is the maximization of
profit rather than the solution of constrained maximum and
minimum problems. Total revenue for the firm is given as the
product of gquantity of output produced (Q) and the fixed
unit price received (P). Profit is the difference between

the firms total revenue and total cost. Thus profit (7m) 1is

expressed as

mT=P - -Q~-C L (3)
or substituting from equations 1) and (2) , ‘
oy
- n ‘ 0 “ .
7 =P f(X,,...%.) - Z P,iX. - b . (4)

1=

N
t

Setting the partia

N » i

1 derivatives of n with respect to inputs

t

equal to-zéro,



9 / 38X, = P - £, - P, | (5)
and moving input price terms to the right

P f, = P,, . (6)

yields\ the first-order cénditions for profit maximization.
Each inp¥t 1is utilized ub to the point where the value of
1ts marginal product equals its price when these conditions
are met. Second-order conditions require that the principal
minors of the relevant Hessian déterminant élﬁernate in sign
(Henderson and Quandt, 1980, p. 79). The second-order
conditions require that the production fuﬁction be strictly
concave 1in thé neighborhood of a point at which the first
order conditions are satisfied. If the production function
is striétly concave then the point at which the first order
conditions are satisfied is a unique prqfiﬁ'makimizing
solution.‘ \

The firm's ‘input demand is derived from the ‘underlying
demand for the .output produced.. The input demand functions
are obtained by solving the first-order conditions (equatiqn
6) for ihput QUan;ities as a %unction of'input énd proauct ‘
prices. The input demand'fﬁnctioﬁs for the producer are
analagous to ordinary demand functions in mahy ways. |

Satisfaction of the first order conditions indicates

-

homogeneity of deg:ez'zero in input and output prices
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(Henderson and Quandt, 1980, p.80). Elasticities may be
defined for each of the inputs with respect to each of the "

prices. The rate of change of the producers purchases of an
input with respect to chanées 1n 1ts price will always be
negative, and the producers input demand curves are alwayg
danJ@fd sléping. Thus it is possible to specify derived
demand functions for the inputs of production from the
demand for the finél products.

Production structure,Adefined by a productioﬁ function,
mathematically represents the relationship between the
multiple inputs in the productioh process‘and the final
output product. The relationships between inputs and outputs
are affected‘by many factors. Dominant among these are the
prices of inputs and outputs whiich influence the behavior of
thé rational profit maximizing pfoducer. Other imbbrtant
factors inf;uencing préduction relat%bnships are scalévand

technology. .

The concept of returns to tcale refers to the size of

the proportional change in 6utbut caused by a proportioal
change in inputs. Returns to scale are categorized as being
increasing, constant or decreaSJngl The effect of scale on
inpﬁt usage can be determined when output terms are included

in the specification of the production function. Scale may

be input using, neutral or saving depending on the sign and
value of the output parameters. The specification of the
production function may also restrict production structure

to constanﬁ réturns,totséale (as is often the case with the

k)
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>

Aéﬁ Cobb Douglas production function) alﬁhough many production

-

A
=5 1}
%é 'functions allow returns to scale to varye The restriction of

r. .

Ef hohoth&ticity in production (which is discus$ed in a
P31 - : ‘
"”. At

A R .
%subsequent section-of this chapter) allows returns to scale

L3
to vary but fixes 1t at one level over the entire production

¢ 4 .

period - \ .

Hence the spec1f1cation of a functional form to model

production 1nffuences the number of economic variables that
., B . b

are allowed €0 vary. . R ) . ,

: E.,PRODUCT;ON-FUNC?EONAL FORM p ¥ .
The microeconomic analysis of firm and in?bstTy
structure cab adopt a wide variety of functional forms. Past’a
researeh has favoured aifew popular specifications of the

production function. These include the Cobb Douglas, the

Leontief or Fixed Factor, and the Constant Elasticity of

R ~
o4 s

'?Substitbtion production functions. Thesﬁiﬁqgctions are
vclassified as inflexible form production‘fﬁnctioqs. They are
consiaered to be inflexible because of aiprOPf restrictions
on parameter estimates and on other comparatiVe static
measures that limit- the testing of different hypotheses
within the models. The source of the 1nflen¢b111ty in these‘
prodbction functions 1s,the1r representatidn of production

possibility frontiers which are additive and homogeneous

(Christensen et al., 1973) and that these properties

LS
I - “. .
51413

?restrlct the results obtained from the production functions.
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The Fixeleactor or Leontief production function is the
mést restricted of the forms discussed. The elasticity of
"substitution 1s zero for t%is function thereby allowing no
substitution among inputsL,As its name suggests, the
proﬁuction process requires a fixed proportion of factor
iépuss and hepce this formqis extremely inflexible.

The Cobb Douglas specification is perhaps the oldest
and most widely used production function form. This form is
founded on the relationship of total wages,ggid as.some
5roportion of output. This linearly homogeneous production
function also allows for increasing, decreasing or constant
returns to scale. However, the elasticity of substitution is
restricted to unity. Thus the Cobb Douglas form does not
allow complementarity aﬁong inputs thereby permitting a
substitute relationship only among all igputs. .

The Cobb Douglas form was relatively uncﬂallenged in
production economics until the eatly 1960's when Arrow et
al., (1961) first bublished theAConstant Elasticity of
Substitution,CES, fun%tiongl form, The CES produétion
function sets a gonstant but unconstrained yalue‘on the
elasticity‘of substitution. Hence, the elasfic}ty of
sﬁbstitutioh, thle not restricted to unity, as in the Cobb
. Douglas case is limited to a single or constant value. While
being an improvement the'CES'production function'is.still
regarded as res;rictiQe and inflexible; The CES function
unlike the Cobb Douglas is non linear and hépce more

difficult to estimate. Arrow et al., (1961) demonstrated
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that the Cobb Dougias and Leontief production functions were
special cases of the CES where the elastidity of
substitution was restricted to unity or zero. The apparent
superiority of the CES over the other forms led to its
adoption in econometric analyses of the 1960's. However,
despite its advantages, the CES fﬁnction was still an
inflexible production function.

The va{iation in microeconomic systems over time makes
" flexibility a desirable characteristic for any function that
adttempts to model the system. In the case of production
functions, the production structure is rarely known in
advance and hence flexibility of structure is advantageous.
Minimizgzioﬁ of the number of a priori restrictions that
affect parameter estimates and other economic indicators is
also usef@l. Thus, there are advantages to the use of
fle£{81é‘functional forms over tﬁe inflexible forms
previously discussed.

‘The traditional production functions of the past have
been giving way to more flexible functional forﬁs for more
than a decade. The development of these fiexiblg form
production functions qfises from production possibilities
" that have the restrictions of additivity and hgmogeﬁeity
removed. This enables the specification .0of production
functions that
1. have fully flexible elasticity of substitution;

2. allow the specification of complementary elasticities;

and



3. allow for the hypothesis testing of variations of the
model nested witﬁin the production function (e.g.
homotﬁeticity and technical changei.\

Flexible form production functions that are common in
the litérature include: the translog, thé generalized Cobb

Douglas, the generalized Leontief and the guadmatic. The

translog 1s perhaps the most widely applied of these forms

and is the functional form utilized in this study.

C. COST AND PRODU,CTIQN

The concept of a cost has‘always been of concern in
production theory. In a production process, rational
economic behavior suggests the selection of an input bundle
which miniﬁize; the cost of producing each possible output.
This fundamental duality between cost functions and
vproduction possibilities has many favourable properties
particularly when subjected to econometric estimation
. procedures. The theory of establishing the dual relations
between cost fUnctions and production functions was
iﬂtroduced to economics by Shephard (1953) bﬁt was not
applied to empirical dafa‘until the 1960's when Nerlove
(1963) employed the>Cobb Douglas case in a study of returns
to scale in électric utilities.

The principle advantage of using cost functions is.
avoidance of the problem of aeriving demand‘systems from
production qusibilities. In addition, the cos%lfunction and

its derivatives can define the reduced form of the podel in

-
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many circqmstances (Fuss and McFadden, 1978).

The use of cost functions in the specification of
production structure 1S contingent upon the satisfaction of
certain regularity conditions. A well behaved neoclassical

cost function satisfies the following conditions (Banskota,

1984 ) : .
1. strictly positive;\\vf///i//

2. linearly homogeneous}
3. concave; and
4. continuous such that first and second partial

derivatives exist.

The satisfaction of these $athematica1 conditions
constrains the production technology inferred from the cost
function. Consequently, satisfaction of the conditions of
well behaved cost functions requires the imposition 6f
restrictions on the production techno¥dgy to which the cost
functjon applies. ‘

To illustrate these restrictions, consider a single

output, multi input cost function of the form:

c=c(P,,¥,t) . - (7

i

The Y refers to the single output of wood, t represents
time and C represents cost. The P,'s refer to the input
prices for labour (L), capital (K), standing timber (W), and

fuel (F). The restrictions imposéd a priori on this cost
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function to satisfy regularity conditions are as follows:

1. The adding up condition requires the sum of input costs

©
to be equal to total costs such that

P; X, (P,,Y) = C(P,,Y) (8)

™M 3
1

2. The Cournot aggregation condition, "which allows a change
in the ith inpﬁt price leading to a reallocation of
total cost without violating,thé adding up cohdition,

can be written as

P, 3X,(P,,Y)/3P, *+ X, = 0 C(9)

~-M™M 3
I

3. The Engel condition which states that a reallocation of
cost will still maintain the adding up condition, is

e expressed as

-z P, 3X,(P,,¥)/08C, = O : (10)

<=

i -
4, The symmetry gondition,_which reqguires equal@ﬁy between

Q
the cross second order partial derivatives such that

o

a:Cc(P,,¥)/(3P, 3P;) = a*c(P.,}!)/(apJ 0P, ) (11)
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D. TRANSCENDENTAL LOGARITHMIC COST FUNCTION

Tﬁg’translog functional form wés pioneered by -
Christeﬁsen et al., (1971) and firsp applied to production
analysis in f973 in a benchmark study titled "Transcendental
Logarithmic Production Frontiers” (Christensen et al.,
1973).:1n this study Christensen et al. exploited the

A

dualitf‘betweén quantities and prices 1n production to
develop a translog produétion frontier and a translog price
‘frontier. Definition of a transldg cost/function was
poésible from the t;anslog price frontier. The superior
characteristics of cost functions (discussed in the previous
section) justified their application to the analysis
{Binswanger, 1974) . : ' e

The non—homotheﬁi;, single output, multi-input translog
cost function, augmented to’incorporate technical change

through the ‘inclusion of time (t) as an argument, can be

written as

> oD

P



n
InC = ao-+ B,1nY + B,t + L B,1nP, +
. -y

n m- n
1/2Z L B,,1InP,1InP, + £ B,,1nP, 1lny +
1=173=1 ‘ i=1
n
ZBi.nP, t + 1/28,,t2 + 1/28,,(1lnY)" (12)

1=1

where 1=1 to n and j=1 to m

for all i, = L,K,W,F

The B's are the parameters of the cost function to be

.

est?mated, Y represents the output teém and the inputs are
as defined previously. The translog cost function is a
quadratic function having interaction terms (B,;) and square
te:mg (B, and B,,). The cost function is constrained to ,
homogeneity of degree zero in,input pricesithrough the

imposition of the following .restrictions:

N

n
1. LB, = 1
i=1
n - n
2. Z B, EL B, =0
| =1 i=1
n m
3. Z EBi; =0



n
4 g, =20 .
=1
n
5 Z B, = 0 and,
1=1
6. ﬂl;=B,n (13)

In general these restrictions are maintained hypotheses
of the translog cost function and as such are fmposed prior

to the actual estimation of the parameters.

Share Equations
Cost minimizing derived demand equations for the
various inputs can be derived from the translog cost
function (12). This derivation ‘is accdmplished through the
differentiation of eqhation (12) with respect to input
pfices via Shephard's lemma (Shephard, 1953):
{

4

alnC/alnP, = aC/a p| : p./C = x'ip./Q//=’¥; (]4)

where S, represents the share of the ith input in total

cost. The derived demand equations (14) are also known as
the share equations and can be written in'termg of the

*

parameters of eguation (12) as

, B‘j 1nP; + Bi,1nY + Bt o (15)
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These share eguations are frequently used 1n estimation
because .of their felative simplicity in comparison with the

cost function particularly when models with many 1nputs are

used.

Substitution and Price Elasticities

The‘elasticity of substitution between two factors 1s
defined as the elasticity tf the ratio of the factors with
respect to the marginal rate oiﬁtechﬁital substitution
botweeﬁ them (ﬁcFadden[ 1978b). Hence, this elaéticity is at
index of the sensitivity of cost minimizing factog input
proportions'to changes in relative factor prices. The
elasticity of substitution (0) can be~deiined in terms of
the derivatives of the translog cost function. However, when
the prodﬁction procesg has more.than two inputsu the
elasticity of substitution becomessmore complé;/as the
_number of inputs increases. Thus, in the n in;ut case,
partial elasticities of substitution are estimated. The most
widely applied form is thé.Allen—Uzawa partial elasticity of
substitution {Binswangear, 1974). Defined in terms of the

translog cost function, equation (12), these elasticities

can be written as

a;; = (Byi + 8- 8;)/8;? (16)

N
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for the own, input case, and

\
i

o,, = 1+ (B, / S.S,) - (17)
between 1inputs, for all i1,j and 1#7j. .
S, represents the share of the ith input and the B8's
repfesent the parameters of the translog cost function in

all cases.

The elasticities of substitution represent the

o
.

sensitiyity of the change in total cost occuring when the
quantity of input 1 changes due to a change in the pricé of
factor j while all other prices and output are held constant
(Banskota, 1984). Negative values of (o) indicate
complementarity among inputs while positive values indicate
substitutability.

The elasticities of substitution are affected by the
separabflity of inputs in the préﬁuction process. The extent
of separability amony inputs (weak or strong) has specific
implications regarding the partial elasticities of
substitution and'consequently the relationships between

inputs. Separabilit}y is discussed further in a subsequent

4

-

section of this chapter.
In addition to the Allen partial elasticities of
substitution, the price factor demand elasticities (7n) offer

‘important economi¢ information. These are defined as

N = 0,,S, (18)
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for the own-price factor demand elasticity and,
n.,, = 0,,S, . (19)

for cross-price factor demand elasticity for all i,3 and

1#73.

The own-price elasticities will all be of negative sign
except ih the case of the inferior input. Cross-price
elasticities indicate the change in the demand for input i
caused by a change in the price of input j while all ottrer
prices and output are held constant. As defined by equation’
(19), these elasticities are proportional to the
substitution elasticities (o¢,,).-Conseguently, these

D oefens

cross-price elasticities also indicate complementarify or
‘ .

substitutability.

Homotheticity and Non-Homotheticity
‘ | Shephard (1953) defined a homothetic function as a
function which is a positive monotonic transformation of a
linear homogeneoué function. All homogeneous cost functions
are ﬂompthetic. However, nof ali homothetic cost functiong
are homogeneous (Banskbta, 1984, p. 26).

ﬁomotheticity in production.funétions and their dual
cost functions eﬁsures that all isoquénts are radial blow

-

ups fromlthq origin of a given isoguant defining the
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production proc;ss. As a result, the expangio}xpath of
production is a ray from the origin. Further, the distance
~
between 1soguants changes as the level of output 1ncreases
,

along the cost-minimizing expansion path. Homothetic
production technologles can exhibit inc;easing, decreasing
or constant returns to scale depending on the slope of the
ray defining the expansion patﬁ. However, because the
expansion path is constrained to linearity, returns to scale
remain constant over chénging levels of output as are the
marginal -rates of technical substiéution.

Homotheticity can further be dissected into strongly
homothetic and weakly homothetic. A production function,

such as tpé one defined by equation (12), is homothetic if

it can be separated into two parts such that

C = c(pP,) - g(Y) (20)

o

When this relation is applied to the translog case
there are two economic properties impiﬁcit in this condition
(Denny and May, 1978). First, the ratio of any two factor
_ demand (sbare) equations is iqdépendeht of the output level.
Second, the elasticity of total of average cost with respect
to 6utput is independent oflfactbr p;ites. A produttion%'
~echnology that satisfies both of these conditions is said \
to be strongly homothetic while a production funct}on that
satisfies énly.;he first condition is said to be weaklf

'
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homothetic. Strong homotheticity 1s achieved by restricting
the coefficients of the input'output price parameters, B8,

0 thereby pfohibiting the possibility of any output effects
in production. Hence, chahges 1n the level of output have no
effect on the demand for inputs. The presence of the
restriction for weak homotheticity in the translog cost
function (12) implies that B,, = B, 8, for all i, where 8 is
an unknown constant. Weak homotheticity of the production
structure implies that input prices are weakly separable
from output. ‘

Homotheticity 1in producgién.is a réther restrictive
condition, Non-homothetic Qy&duction technology has many
structural characteristifggwhich are less restrictive than
%n the homothetic cése{ Tge expansion path implicit 1n a
’non—ﬂomothgtic cost function 1s non linear, enabfing the
marginal rate of technical subsfitution to vary over
changing levels of output. In additfon, the two economic
properties, observed in the homothetic translog cost

- :
function (the ratio of share equations being independent of
oufput and the elasticity of cost with respect to output |
beingrindependent of factor prices) are reversed.
Cdnseqpently, the ratio of any two factor share equations 1is
not indepeﬁéent of.ihe level of output and th¢ cost
élasticities with respect to output are not -independent of
factor prices. | B | | |

The ratio of factor share equations for the translog

cost' function is written as

[y



. n 7
S, /S, = (B, +L B,,InP, + B,,1InY + B,,t) /
i= -
) m : )
' (By + L B, yInP, + B,,1InY + B, t) . (21)

Equation (21} is non 1inear however, ‘the individual shére
equations are' linear.
. A3
The second property of cost elasticities, in which they
are dependent on factor prices, can be used to make
infe(ences regarding scale»economies.'Scale economies (SE)

. can b% defined as unity minus the total cost elasticity with

‘respect to total output. This relation is written as

SE

1 - 3lnC / 3lny T 22)

where the total cost elas{icity with respect to total output

[}/\ - &é)
A . . 4‘ "
L

is defined as

‘ ‘ n
31nC / 31nY = B, + ByylnY + Z BiylnP, + B.‘t (23)
. . () 1__] . ) .

. *

A Thus, scale economies are not independent of factor prices
tor the non- homothetlc translog.cost functloé This relation

implies that firms can be constrained by factor prices when
¢ . .

expandlng product:on output (Denny, 1974). w
- Scale economies as defined 1n equatlon (23) are

inierpreted.as,scale diseconomies for negative values of SE
13 - . : '

aﬁﬁlscale econoniies for ﬁositibe values of SE. SE must be

e
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H
int;?B(sﬁyﬁ with care, however, because SE as defined in

egquation (23), is not independent of the #technical Ghange
parameter. Hence the two are not separable and observed cost
reductions cannot .be singularly attributed to technica%
change or to scale ecénomies.

The non-homothetic case in production cost functions is
distinctly superior to the homothetic case. Th»s advantage
is largely due to the less restrictive nature the

production technology defined by the non-homothetic case..

Separability

The property oé separability among inputs is an
ionrtant featu?e in production anelysis. Separabilit; in
cost functions allows the specification of a cost function
in terms of subcost functions. Independence between the
marginal rates of substitution of pairs of factors in the
separated group and factors outside of that group 1is
implicit in the property of separability (Denny and Fuss,
1977). Alternatively stated, the Allen partial elasticities
of substitution between a factor in the sebarable group and
>some faétor outside the gréup are equél for all factors in
the group (Denny and Fusé, 1977). An-adgantage‘of
sgparability {s that it permits the use of aggregated data
in the?absence of accepfablé disaggregated data. However,

the restrictions placed on the elasticities of substitution

are a disadvantage.
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There are two testable forms of separability commonly
found in the literature (Denny and Fuss, 1977; ﬁanskota,
1984; Berndt and Christensen, 19?3). These are strong and
weak separability. Weak separability allows input use
between a cost function and a sub-cost function to be
related, but only in a fixed manner. Weak separability
defined in terms of the translog cost function preniously

discussed involves restricting parameters such that

B., = B.p, . (24),

where p is some unknown constant. Weak separability also
suggests that the marginal rate of technical substitution

between inputs in a subcost function is independent of input

4 L

use in another subcost function.

Strong separability implies total independence between
the'separated group and the remaining inputs. Hence, changes
in the price of the nonfseparable inputs will have no impact
on the demand for the\separated input. The relationshié of
strong separability can be identified by restricting the
parameters of the previously described translog cost ‘

function such that - . ' .

'

© B, =0 (25)
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Technical Change

Technical change refers to the i1mprovement of
production professes over time, Neoc}assical theory
describes technical chandge as an inward shift of isoguants
while inputs and outputs are held constant. Sources of
technical cﬁange include technological advancements through
research and development, accumulated experience, improved
management eXpertise and the passage of .time. Technical
change manifests itself in the form of reduced use of one or
more inpﬁts to achieve the’same output level prior to the
change or} conversely, as increased output levels from
unchanged input levels. Technical change is saia to be
biased in a Hicksian senée if the relative proportions of
inputs change. Technical change i§ said to be Hicks neutral
if all inputg\are reduced proﬁprtionatély to produce the
Séme'output level. ‘

The non-homothetic cost function described in equation

\ BN
(12) utilizes a\time variable (t) as aAproxy for technical-
change.,Technicél'change is best intetpreted from factor
i .

b4

shares rather than factor proportions or “the-overall
) [ ' ¢ ’ ) -
translog cost relqtiqnship, In terms of equation (15),

\ )
defining factor éhéres,‘the B.. coefficient is the ‘technical
change parameter.gTéqhnical change, which is Hick's neutral,

occurs when the marginal rates of technical substitution

g \ . . : 3
between inputs are coistant over increasing output levels.

.Technical change is said to be factor i saving in a Hicksian

sense if the marginal rate of technical 'substitution of

\



input 1 for j deélines over time. Similarly the technical
change is factor 1 using if the marginal fate of technical
substitution of 1 for j_shows an increase over time. Thus,
in terms of the given translog cost function and share
equations, technical change ié said to be factor 1 using

where

0s,/0t = B,. > 0, ' (26)

factor neutral where

3s,/9t = B,, = 0, | (27)

and factor saving where
3s,/8t = B,, < 0. ‘ (28)

Neoclassical microeconomic theory provides the
foundation upon which the analytical techniques used in this
study are based. The methodology used in determining

estimates of the different economic indicators described

‘herein is documented in the fourth chapter. The next chapter

describes the data which will be used in conjunction with
the estimation methods to develop results that can be

~evaluated in terms of theoretical expectations. -~

i



I1I. THE DATA SET: COLLECTION AND TRANSFORMATION

The translog model and estimation technique utilized 1in
this study require a data set consisting of input price
indexes as well as output and total cost data. This chapter
contains the sources of the secondary. data, their
transformation and aggregation into indexes and the indexing
procedure used. Estimation of the model utilizes a sixteen
annual observation time series covering the years of 1966
through 1981. The data were obtained from two sources, L
Statistics Canada and Alberta Energy and Natural ResourceS?‘

The length of the time series was constrained only by

problems of data availability and compatibility over time.

A. DATA AQUiSITION DIFFICULTIES

Although logging in Alberta is among the oldest and
most primary of the provincés iﬁdustfies, it has only been
chronicled in economic terms during the last 30 years.
Throughout this brief history, a number of inconsistenqies
in the kinds of economic data collected have occurred to
significantly reduce the amount‘of compatible data
available. '
| Aqﬁisition of data covering the province of Alberta was
the majo; difficulty encountered in the data seérch.
Statistics ¢anadé~has been collecting and publishing
forestry data for over 40 years. Howeyer, they have tended.

to consider the west as two entities British Columbia and

the Prairie Provinces. The majdfity of data from the 1960's’

33
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is aggregated over the three prairie provinces. No separate
provincial breakdowns are availlable.
Another area of difficulty in data agquisition concerned

[

financial information related to the logginé sector. Capiltal
prbved to be a particularly difficult inbut to obtain ‘
information on. Financial data were generally lacking and
those which did exist were unavailable for reasons of |
confidentiality.

The traditional inadequacies associated with sécondary
data were abundant in this study. These includéd
incompleteness of time series, changes in classification
criteria over time, and levels of absfraction and
aggregation whiéh were unsuitable for the model.

However all of these difficulties proved surmountable.
In‘some cases assumétions regarding data were required as
“were extrapélations and disaggregation;vDespite the
difficulties encountered, the data are used with reasonable

<

confidence.

-

B. DIVISIA PRICE INDEXES

‘The method utilized in thisyanalysis requires
'prbduction factor inputs to be represented as ricg indexes
corresponding to eéch of the inputs capital, ia our,'wqod'
and fuel. There are a véﬁiety of functional forms to
consider for the determingtibn of price indexes. The use of
a flexible forh model (the translog) in estimation makes it
advantageoué to use an indexing procedure whicﬁ is. |

- -

I3



compatible.

The literature? reveals that many index number formulas
represent particular production functions. The Laspeyres
index (the most common index form) is exact for a linear
production function which specifies a priori that all
factors amre perfect substitutes in the production process
(Christensen, 1975). Cleérly these festrictibns of linearity
and perfect substitutability are not compatible with the
flexib}e form translog cost function.

The Divisia price index has many desirable propertiés
and has been implementel in’a majority of translog
production and cost studies’. The continuous Divisia price

index 1s written as

olnP,, = Z,S,.d1lnp,, ‘ (29)

M~
where i represents the input, t is the number of periods,
S,. represents the shafe of the ith iﬁput, P,. 1s the
divisia index of input i, and p,. denotes the price of the
ith input.
| v.‘The‘discrete approximation of the Divisia price index

known as the Torngyist index can be written as

:see Christensen.(1975) and Diewert. (1976) for more detailed
discussions on index numbers. .
‘see Fuss (1977), Diewert (1976), and Christensen (1975).

»
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I W,, (lnp,, - 1lnp,,.,) (30)
; :

where W,, = (1/2)(S,, + S,,.,) are time varying weights.

The discrete Divisia or Torngvist index 1s superior to
other index forms for a number of reasons. First, the
weights (W,,) utilized in this form are flexible (i.e. not
‘fixed), permitting variation in the expenditure pattern when
input prices change. Implicit 1n this property 1is the
absence of a priori restrictions placed on input
substitution relationships, Secondly, the Divisia index
corresponds to the translog functional form. Diewert (1976)
has shown that the'Divisia index is exact for a homogeneous
translog production function which can provide' a second
6rdgr approximation to a twice differentiable homogeneous
production funcpion. Diewert defined index numbers, such as
the discrete Divisia, which meet this criteria as
"superlative".

The use of an index form sucH as the Divisia is
essenﬁial for inputs that are aggregates of sub-categories
"of inputs. An example of this is the fuel input which is an
aggregate of all the. categoriés of fuels consumed by the -

’

_logglng sector. Divisia 1ndex1ng is not essential for 51ngle

' ?

1nput 1tems. However,.con51stency must be malntalned over
all the inputs being indexed. Thus, the most appropriate
indexing form for all the inputs in this analysis is the

discrete Divisia price index.
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C. INPUT PRICE INDEXES

Price- of Labour

The price of labour was determined usiné data found in
Statistics Canada's logglng publication series (catalogue
25=201). Quantity of labour is expressed in terms of paid:
man hours devoted to logging in Alberta. The expenditure on
labour was represented by the total wages paid for logging
in Alberta. The total wage bill was deflated to real dollars
using a GNE deflator*. The priée 6ﬁ labour was then |
determined by dividing the real wage bill by the man hours
paid.‘The price index of labour was then calculated using
the Divisia indexing procedufe asl;ontained in the Shazam
econometrics package available from the University of
Alberta, Computing Services.

The data used to represent the expenditure and quantity
of labour reflect .only the labour input directly related to
the production process. Owners or partgers\and workers
involved in non-logging activities are excluded. The
contribution of nbn—logging employeeé,.although small, 1s
essential.for overall oberafions. However, usable data on
this component of }abogr was not available and thereforé

e

excluded. Hence, the labour data used may understate the.
X
labour input somewhat.

‘The GNE deflator is available from a wide variety of
sources however, the one utilized in this analysis was
obtained from Agriculture Canada's Handbook of Food
Expenditures, Prices and Consumption. '



Man hours paid data used to represent QUantity of
labour can lead to an underestimate of the actual price of
labour. é:nskota (1984) observed that, when overtime work 1s
taken into account man hour% pai? will exceed the actual
hours worked according to the pfoportioé of overtime wages
to regular wages. For example, if a worker puts in two hours
of time-and-a-half overtime, the maé%hohrs paid will be
three hours for two hougs of"actualrwork._TAe use of this
type of data may intro:§te some bias into determination of

the price of labour. In times of high demand for forest

products the n‘mher of overtime hours will increase but the

[

price of.labéﬁfﬁgill also increase during these periods as
well. Consequently, any bias introduced should be slight.
While this type of data may not be considered ideal, ne data
regarding worked (as oppo%d to man hours paid) were
available in any férm for Alberta logging. Furtﬂer, this
- 1nadequacy of the data i§ of diminished significance as the
bias caused by overtime applies throughout the time period.
Hence, the . proportion of overtime to regular hours of work
in lodéing is assumed to be relatively constant throughout,.
the time series. -
Despite these drawﬁacks, the data are used with
~confidence because of theirvconsistency of behavior and
sources over the time period. Statistics Canada has not
altered classification of labour data over the period in
queé;ion.‘Fdr;her,_the}data concern only thF component of

v e ,

labour directly related to logging production and not data
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indirectly related to non-logging labour activities that

would otherwise provide background noise 1n the analysis.

Price of Capital-

Measurement of the factors of production should,'in
theory, be in terms'of‘services of the input perjunit time
(Intriligator, 1978 p. 262). Capital services have
traditionally been difgicult to measure and data on capital
services difficult to obtain. In the absence of the ideal,
(a measure of capital services), the usual procédure is to
measure capitél value and then deflate by a price index; 1in
some senge this should measure the level of capital stock.
This level is then adjusted by a utilization .rate which
gives the capital measure (Varian, 1978 p. 119).

The literature on production analysis of the forest
industry contains a variety of different formulations of
éapital. An attempt was made to use a capital price index
formulétion.similar to one used by Banskota (1984) or
Martinello (1984). However, this attempt was abandoned for a
number of reasong’. First, iqsufficient_data were available
to formulafe capital in this mafner. Measures of corporaté
tax rates, ta#es paid by the Alberta iogging.industry and
depreciation of logging capital were not available for

sMartinello and Banskota employed elaborate indexes
measuring the service prices of different forms of capltal
These formulations required extensive financial data in

" areas such as the effective corporate tax rate, depreciation
for different forms of capital, capital gains, investment
tax credits, rates of return, inflation rates, etc. For
further discussion of these formulations see Martlnello,
1984, p. 9 and Banskota, 1984, p.70.
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ime period. Second, there was a lack of

Alberta over thg&

data reliabidity.“T@e:e 1s no market for capital services as

A :
-for the other inputs. Producers are owners of capital and

capital services arekeither self generated or obtained from
other firms. Capital.exists as part of a capital stock and
tends to be available in indivisible units. <ervices from
capital as well as depreciétion occur as a flow over time.
These stocks and flows are affectea by tax policies,
interest rates, market conditions,and;rates of depreciation.

These factors can ultimately influence the price of capital.
However, accurate determination of these influences can be
3 Ny

rather difficult. Methods detefmining a price of capital

é?yary widely 1n the literature,* Qet none has emerged as the

(),,\
N

\
best or correct method of determining a price index of
- : \ Y .
capital services. \ \
. \ %

The price of capital will be deterined “therefore, in

\
Y

a more simplistic manner in this analys}s& A more simplistic
approach to capital is assumed to be no léEs relaable than
the complex formulations. This statement 1ncpease§\1n
validity as the guality and availabili%y of ééta reguired in
the complex capital formulations declines. The realltles of
the Alberta logging 1ndustry refﬁ%brce this premise. Logglng
has made a relatively small contribution to the 1ndpst;1al
base of Alberta until quite recently. Consequfntly; Xhe

. - . A
relative size of capital stock and services has been’'quite

/

‘For examples of different capital formulations see Banskota % .
(1984), Martinello (1984), Christensen and Jorgenson (1969)
and Hall and Jorgenson (1967) .

R
N
Qb

AN
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small. Until the 1970 s much of the logglng in the province
was undertaken by small 1independant operators whose capital
input was smaller than their larger current counterparts.
Therefore, to»effectively capture the capital services used
by the small scale operators, a more simplistic, less
corpora;e—oriénted capital price formulation is preferred.
Formulation of a capital price in this analysis will
incorporate the elements of capital outlined by Varian
(1978, p. 119).These elements are capital stock,ka deflator
and a utilization rate. ’

The price of capital was determined in the following
manner. The quantity of Iojging capital was calcﬁlated as a
éé;centaée of capital stock. Capital stock for logging Qas
available from the Alberté Bureau of Statistics publication
of Alberta Economic Accounts. The percentage reprzsen;s tng
change iﬁ capital stock and was set at fiQe percent. The
purpose of tge data is to capture changes in, the price of
capital throughout the time period. By maintaining a
constant pefcéhgage over thé time period the capital stock
is allowed to vary over time. R '

— .

The annuaL expendlture on capital was ‘obtained from the
capital and repair expenditufbséfor logging published by
Statistics Canada (catalogue number 25-201). This source.
lists expend{tufes as an aggregate for the prairie.
provinceé. In'oraer to isolate the Alberta component of

capital and repalr expendltures, cap1tal was proportlonately

allocated accordlng to the number of logglng establzsbments.
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Therefore, a ratio of the number of logging establishments
in ~lberta to the total for the prairie provinces was

determined for each year of the time period. This ratio was

A
]

* multiplied by total capital and repair expendiﬁure for the
Tpr;iries yielding the capital and repair’expenditures for
Alberta. A GNE deflator was used to convert both the
quantity and price of capftal:to real dollars. This deflator
was consideréd more appropriate’ than a CPI which is more
applicable for output prices. The real gquantities and prices
-of capital were then combined to develop a di'screte Divisia

price index of capital using the Divisia indexing procedures

available on the Shazam econometrics package.

Pricet%fﬂwOod
‘fIn Alberta, as in the rest of western Canada,.the

majgrity ofnthe timber occurs on Crown .land. The Crown, as
lagabwner} éeledéteé the responsibility of management of the
forests to the Alberta Féfest Servicé? The responsibilities
of the forest service-inclﬁde-arrahgemenf“for timber
disposal as Qe11‘as_aetermination and coilection of

_ appfqpriate dpeé fpr,the resoubces harvested._The dyes -

charged by:the Forest Service for' timber harvested represeént

P

s

a cost/éollog producerb.*TH{S@ dues' take the form of
stumpage charges,permit fees, protection charges etc. The

expenditure by producers for the wobd input is represented
. ’ _ ) | ; . .

. by the fees collected. by the prbvinbe. This information is

S - : x L. _
available from the annual reports-of Alberta Energy and

L
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Natural Resources (formerly Alberta Department of Landgs and
Forests). Timber receipts are included in the "statement of
receipts from income accounts” in their annual reports. The
net timber receipts (wh;ch include dues, permit fees,
protection and damage charges as well as refunds) represent
expenditure on wood input by producers for this analysis,
that is, this account effectively represents the totaa cost
to the producer of the standing timber resource.

Thé guantity of timber harvested by the logging
industry is simply the annual cut or actual haryest.(as
opposed to the annual allowable cut) for a giveﬁ year. These
data were obtained from the Alberta Forest Service, Timber
Management Branch and are expressed as total annual harvest
in cubié metres. The expenditure on wood was converted to

real terms using the same GNE deflator and Divisia indexing

procedure as used for the previous inputs.

Price of fuel
Logging productién processes utilize a variety of
differént machines and conseguently consume a varie;y of
different fuéls. In order to represent fuel as a prodgction
inpuﬁ aggregation of these fuels accordiné to some common
unit is necessary; Since energy output is common to all
fuels, conversion of fuel quantities to QTU's‘is a logical

stép (Banskota, 1984; Taher, 1983). The factors used to-

convert fuel quantities into BTU's are listed in Table 3.1.
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TABLE 3.1 : FUEL CONVERS]ION FACTORS

_______________________________ e mmmmm e m e
FUEL TYPE BTU CONVERSIQN FACTORS
Electricity ) .003412 MBTU/MKWH
Liguified Petroleum Gases 99.5287 MBTU/gal

Natural Gas : 875.5 MBTU/MCF

Gqsoline | ' 29.8836 MBTU/gal

Diesel and other 0il 44.713 MBTU/gal

Fuels'

Abreviations: MBTU = thousands of BTU

MKWH = thousands of kilowatt hours.

MCF thousands of cubic feet

imperial gallons

gal

'An aggregate conversion factor based on the conversion
factors for kerosene, light o0il, heavy oil, diesel and the

‘-

proportion of each fuel type from the total for oils frem

1975 to 1981.
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Data used to determine the price index of fuel input
for logging were obtailned from two separate Statistics
Canada publicatiohs. Data covering Alberta loggihg fuels

)
were not a&ailable for the entire time period. However, data
on national l¢gging fuel consymption were available from
Statistics‘Canada. Thus, the proportion of fuel consumed for
logging in Alberta to fuel consumed for loéging in Canada
was assumed to be constant. Data covering Alb;rta fuel
consumption weré obtained from Statistics Canada catalogue
number 57-208 and covered the years 1975 to 1981, These data
were used to détgr&ine the prOporfion of Alberta coﬁsumpﬁion
to the rest of Canada. Data covering logging fuel
consumption for all of Canada were obtained from the
Statistics Canada logging publication (catalogue number
25-201). Therefore, it was possible to extfapolate Alberta
Ifuel consumpﬁion for the years 1966 to 1975 from the
national daga.

The data set initially developed.contaihed guantities
for and expenditures on many different fuels. These fuels
were nafural gas: gasoline, diesel and other oils, liquified
‘petroleum gases and electricity. The guantities were
converted to BTU's, the expenditures were defiated to real
terms and the Divisia indexing'prdcedure was applied, |
rExpenditﬁres‘on diesel, other oils‘and gasolihe ;epresented'
approximately 90 percent of the total expenditufe on fuel.
As a result, a separate fuel data set comprised of gasqlihe

‘and diesel only was developed and Divisia indexes

)
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calculatea.

Between‘the two fue; index alternatives, the diesel and
gasoline based index performed better in estimation. Logging
1s dominated by the cutting, skiéding and hauling of logs
and these activities require é;gdline and diesel type ‘fuels.
The inclusion of other fuels repor?ed for logging
contributed to multicollinearity and decreased the
significance of many of the estimates. Consequently, the
gasolxhe and diesel index was ultimately used to represent

the prA of fuel in the analysis.

dutput'and Total Cost
'IThe total annual volume of timber harvested in thg

province represents the output of the logging industry and
constitutes an argument in translog production and cost |
functionsy This output term is represented by harvest volume
obtained from the Timber Management Branch, Alberta Forest
Service. The quantity of wood is also used in the
determination of the price of wood.
| The total cost of broduction is the sum of the
‘expenditurés for'the four inputs. Expenditures are the
product of p:icé and quantity of each input. Input cost
shares are defined as the ratio ofhindividual input
expenditures to{total cost.

All of the inputs, output, and total cost data as L
descriﬁed in this chépter are used, along with the transiog

¢ost function, to develop parameter estimates for the model.
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The methods of estimation used.are discussed in the

following chapter.

47



IV. ESTIMATION METHODS AND SIGNIFICANCE

A. PARAMETER ESTIMATION

The model utilized in this study 1s a four input non
homothetic translog cost function. In its most unrestricted
form this model includes-technical change and output
parameters in the specification of the cost function. The

complete model has 21 parameters and is written as

n
InC = ao + B,1nY + Bt + L B,1InP, +
i=1
n m n .
1/2°Z L Bi;1nPlnP; + Z B,,1nP,1nY +
i=19=1 i=1
. | | ‘
L B..1nP,t + 1/28,.t* + 1/28,,(1InY)? + u, (26)
i=1 '

1.

for all i,j = L,K,W,F

where L is labour, K is capital, W js wood and F is fuel.

'»fhe estimated translog cost function (equation 26)
differs from the theoretical cost.function (chapter 2)'by a
aisturbance férm (wi). This error ferm captures any =
deviations from the cost minimizing combinations of inputs .
which may occur due to changing input prices, technical
change, contractual obligétions etc. Production is aséumed,
however'to;move towards optimal input combinations over

48 ‘
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time.

The translog cost function parameters can be estimated
using ordinary least squares (OLS) subject to the conditions
of OLS. These assumptions are quite restrictive and are
violated 1in the presence of heteroscedastiéity,
autocorrelation and multicollinearity in the eétimation
procedures., Thus, the use of OLS is restricted to data and
models that perform in an ideal or near ideal manner’.

Estimatioh of the complete translog cost function on
the other hand can give rise to problems arising out of data
requirements. The translog cost function, as specified for
this analysis, has 21 parameters and, heﬁce, requires a
minimum of 21 observatioﬁs in the data set for estimation of
the full cost function. The use of the share equations in
the estimation enables estimation of the parameters §f the
cost functidén without the large data requirement. This is
more realistic ‘in terms of the data available (a time series
of 16 oservations). .

The theoretical framework section of this analysis
contained the derivation of input cost share equations from
the translog cost function. The estimation of the éhare,.

equations is written as

——— - —

.

’Rockel and Buongiorno .(1982) used OLS to estimate translog
" cost functions in the absénce of input cost siﬁ%ghdata and
encountered problems of efficiency of estimation and
~multicollinearity. Also see Banskota (1984) p.40 and Madalla
(1977) for further discussion of the problems observed in
the estimation of translog cost functions using OLS.



m -;I
S, = ag * ZB,,InP | + B ,1nY + B, t + u, (27)

for all 1,3=K,L,W,F

k]

These equations provide useful information on the
behavior of the various inputs in the production process as
well as reduction i1n the number of parameters: to be
estimated. Reducing the number of parameters to be estimated

is accomplished by stamdardizing the factor shares and

-
5

converting all input prices to relative prices (i.e.
dividing the factor share equations by one of the factor
shares). The number of share equatibns in the system are
reduced by one thereby sigﬁificantly reéhcing the number of
pafameters to be estimated. ..

The 'share equations exist.as a simultaneous system of
equations and, as such, are closely related to each other by
the cross-equation parameters and the error terms. This
two-way causality among parameters violates the assumption
of OLS requiring independence between the explanatory
variables and the disturbance term (Koutsoyiannis, 1977 pp.
©331-336). In this situation, thg'explanapory variables are
not ;ruly exogénous,and coﬁsequently OLS yieids estimators
that are biased and inconsistent. Therefore, estimatioh
" methods other than OLS must be employed for the estimation
of the translog'cost function and its share eantions.

There are a number of estimation methods that attempt

to overcome the problem of simultaneous equation bias. These



include single equation methods such as indirect least

v

squares (ILS),\instruméntal variables (IV), two-stage least
squares (2SLS), and limited information maximum likelihood
(LIML) as well as system methods such as three-stage least
squares (3SLS) and full information maximum likelihood
(FIML) . ¥
| The method'utili;ed in this analysis was a three-stage
least squares (3SLS) estimation. This technique estimates a
two-stage least squares (2SLS) estimator for each eguation
of the system and examines the cross correlation between'the
error terms of the equations to develop a seemingly
unrelated regression (SUR) estimaﬁe of the system. The SUR
system of equations is characterized by a zero mgah and .
non-zero variances and covariances of the disturbaﬁqe term.
The discovery of this type of system i1s generally attributed
to Zellner (1962). Estimation of a SUR system is
accomplished by deleting one of the share equations and then
abplyiqg the generalized least-squares method (GLS). The SUR
teéﬁnique proQidés efficient estimat®s. In general, thé
efficiency gain tends to be higher as Ehe disturbance or.
error terms of the equations of the system bécome
increasingly correlated (Jﬁdge et al.; 1982); 1f the
disturbance tefms are unrelated, the SUR>results will be
identical to those 6btained by,OLS.'Thus; }he greater the
simultaneous eQuation biés_i%»the system, the greater the

~effrciency of the SUR estimator. A 3SLS estimation

~ procedure, as described above, is available_ in the SHAZAM

>

\
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econowetrics package offered by University of Alberta
’ Computing Services. It was used for this analysis.

The methodology described above permits estimation of
the system of share eguations alone or estimation of the
complete system (consisting of the share equations qnd the
cost function). The principle advantage of estimati;g the ’
complete system is that the scale parameters B,, and ﬂﬂ*
which appear only 1in the nonhomothetic cost function are
estimated. These terms are excluded when the share equations
alone are estimated. Es;imates of these scale parameters are
useful in the interpretation of the results and hence, the
complete equation system is estimated in order to estimate
all parameters.

The éfoblem of increased data requiremenzs in
estimating the unrestricted cost function (discussed above)
necessitates estimation of the cost function in successive
stages. Each stage tests the significance of a particular
feature (nqnhomotheticity, technical change, and scale |
effects) and enables the results to be inferred to the 21,
parameter unrestricted model. Cénsequently, the 21

parameters of the unrestricted model are all estimated but

withog;,%he\use of a single-equation estimation.

B. HYPOTHESIS TESTING ANDVPARAMETER SIGNIFICANCE
Comparison of the various models, each with different

restrictions, is achieved through the sequential testing of

nested models. The nonhomothetic, non-neutral technical
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change translog cost funct}on, with homogeneity in input
prices and with 1mposed symmetry restrictions, represents
the most complex and unrestricted production structure among
the models eQaluated. Parameters of the fully unrestricted
model cannot be estimated at one time due to limitations in
the size of the‘data set.. This mgdel 1s, however, the
maintained hy#othesis of this study and its results are
inferred fro# the various nested models for which parameter
estimation 1s possible.

Testing is conducted 1n a decreasing order of
restrictiveness because of the impossibility to estimate the
parameters of the complete unrestricted model directly. -
Estimation begins with the homothetic, Hick's neutral model
and sequentially removes the restrictions of homotheticity
and Hicksian neutrality 1in subseqguent estimations. Thus,
three models have parameters estimated: a restricted model
which is homothetic and Hick's Neutral and two unrestricted

models, one nonhomothetic and one with non neutral technical

change®

*The sequential removal of restrictions on the translog

-~.mddel involves settlng all Bit's and Biy's equal to zero for
%‘ﬁthe homothetic, Hick's Neutral restricted model. For the

nonhomothetic unrestricted model the Biy parameters are
estimated and the Bit parameters are restricted to zero
while the unrestricted non neutral technical change model
permits the estimation of the Bit parameters and restricts
the Biy parameters to zero. Thus the most unrestricted
model, the nonhomothetic, non neutral translog cost
function allows the estimation of all parameters.
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C. TEST STATISTICS

The comparison of the various-nested models was
accoﬁpiished through the use of two different tests. The log
likelihood ratios for the models were evaluated and F-tests
were conducted. -The restricted—unres%:icted F~tests were
employed to test the significance of the particular
'structural feature in thé’nested models. R? and
Durbin-Watson statistics were @lso used to evaluate the
results of the different models. The parameters estimated
were also tested individually for significance using a
T-test.

The log likelihood ratio calculated for each of the
models provides an indication of the overall strength'of the
relationship represented by the model. When compéring the
likelihood values of the different nested models, the
highesf log likelihood values indicate the best
representation of production structure by that model.

The use of restricted-unrestricted F-tests alldws the
comparisgn of two mode;s; one'restriéted (for example
homothetic) to a model with the restrigtion removed. The
Festricted case .is the maintained hypothesis and rejection
of the hypothesis_indicatés~£hat‘the structural feature
represenpéﬁ in the ﬁnrestrictéd model is siggificant and
improves ;hé estimatioﬁ.

R measures the explanatory power of the‘éstimates of
ghe model. It is the proportion of total varianc; explained
by‘the regréssion. R? can be useful in comparing the various
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nested models however caution must be e&grcised as R’ may
increase when variables unrelated to the regression are
added. Durbin-Watson statis£ics are calculated for each of
the nested‘models. The Durbin-Watson test determines if
autocorrelation is present i1n the estimation.

All of the estimation technigques and test statistics
discussed in the previous sections are avilable oﬁ the
SHAZAM econometrics package available through the University
of Alberta Computing Services. Hence, the model estimaces-—
are readily availlable for interpretation as are the test
statistics which allow one to determine if the esiimates‘and

their implications are significant.



V. RESULTS

The translog model of logging production developed in
shapter two, estimation methods described in chapter four
and the data set described in c&§?terlthree are used to
~obtain results representing the éroduction structure ef the .
Alberta logging industry. These results are described in
this-chapter and are prefaced by a description of the input
price indexes and factor shares over the sﬁudy period. A
number of econamic indicatars are calculated in addition to'
the parameters ‘estimated } the models. These include |
eiast1c1t13s of substltut?bn, own and cross- prlce demand
- elasticities as well as technological change biases and
scale effects for the time period. The statistical ’
significance of each parameter estimated 1s tested and.
docu;eﬁted. Furthermore, the significance of the different

forms of the model (i.e. nested models such as homothetic

and nonhomothetic etc.) are tested.

A. INPUT PRICE INDEXES AND FACTOR SHARES
‘ The Divisia pgice indexes -developed forieach fnput are
. based on‘real rather than nominal data. The removal of
1nflat1onary effects allows one to observe any 1nput price
changes or trends more accurately The mJQement of 1nput‘t o
.prdces over the perlod of 1966 to 1981 ‘is graphlcally
dlsplayed in. Flgure 5.1. |

Real pr1ces of capltal and wood declined over the study
period whereas-real prices of lebour and fuel were higher at

v N ' : ' .
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the end of the time period. All inputs displayed 1increasing
price trends over the‘pe;iod, 1972 to 1975. This result
corresponds to the period of the o1l embargc and ensuing
price instability.‘

The movement 1in relative factor shares in logging (see
Figure 5.2) was somewhat less dramat?c than price movements
over the same time period.‘LabouE do:ghacgngﬁfzg;\Ta:gest
cost component through most of the time period and shdwed an
1ncrea51ng trend. Capital also showed an increasing trend
and replaced labour as the largest cost input at the end of
the study period. The wood share of total cost varied widely
through the 1960's until the mid 1970's when it declined

sharply and leveled off. Fuel maintained, a small and

relatively stable cost share throughout the time period.

Capital Inpute

The price of capital, in addition to,algeneral
decreasing trend, showed wide variation'ove; the time
périod: it also displayed significant fluctuations or
deviations in price from the overall trend. The price Qf
capital is derived from the changes in capital stock

(observed from year to year via expenditures on capital and

lrepair.lsince this represents changes in investment (rather
than totai capital 1nvestment) it is sen51t;ve to the
Eycllcal Tluctuatlons that characterize the forest products
market. Thus, abrupt short-run changes 1n-the price éf

capital are not unexpected and may not inﬁldence the overall

.
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trend. The trend towards a declining price of capital arises
from the technological component embodied in capital. Onér
time technology changes and new technology 1s only available:
through capital inveéstment. Technological changes allow
greater levels of output per unit of input. Therefofe, a
decreasing.price of capital may occur in response to
increased productivity of capital.

Capital's share of total cost (see Figure 5.2) declined
from 1966 through the early 1970's after which it climbed
steadily to become the dominant input in terms of its share
of total cost by the end of the study period. The capital
share 1s characterized by cyclical fluctuations which may be
relatéq to the cyclical variations observed in the forest
proéd?is market. An increased capital share‘coupled with a

declining price indicate increased capital usage in the

logging industry over the period of study.

Labour Inbut

The price of labour showed a distinct‘increasing trend
‘ over the time period.‘Thié trend is characterized by
cyclical flucpuations} The flnctuations range frgm one to
four years inileagth and may be related to the cyclical
movements of the forest industry. There is reason to beliene
that the pr1ce of labour responds to cycllcal changes in thHe
price of forest products (i.e. when the pr1ce of lumber o

falls the demand for labour in the logging industry falls,

lowering the wage rate or price of labour). Labour, among
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the four inputs i1n the production function, shows the
greatest increase in real price over time and, the price of
labour has increased at a rate greater than the rate of
inflation. This increasing price trend is reinforced by the
relative cost share of labour (see Figure 5.2) which shows a
slight increase over the time period. The small increase 1in
the labour cost share of total cost (five percent) relative
to the large increase in the real price of labour
(approximately 60 pércent) indicates reduced labour usage
over the study period. »

The labéhr share of total cost dominates overﬁmostNOf.
the study period. This input share shows fluctuations that
are cqountercyclical to those exhibited by capital. These
fluctuations, as in the case of capital, may be related to
the forest product market. However, the nature of labour as
an input may account for the labour cycle beihg dissimilar,
if not opposite, to the capital‘cycle. When product'prices
fall, the effect on capital can.be immediate. Investment is
suspended. Labour, however, 1s a less mobil; i;put and,
while layoffé do eventually occur, they are not ‘as
immediate. Conseqhently; the capital share of declining
output levels is reduced by the decline in cépital |
investment. Labour costs, on the other hand, remain constant:
but make ub‘a larger propértion‘of total costs. Hence, the

labour cost share may rise as capital's share-declines.
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Wood Input

The real price of wood is based on the deflated dues
collected by,thg province for timber harvested and the -
actual volume of the harvest. Stumpage dues are appraised in
several different ways in the province. The strgctUre of
timber dues is dependant upon the.timber disposition method
employed. There are two major methods of timber disposition
empléyed in Alberta. These are the forest management
agreement (F.M.A.) and the timber quota. F.M.A. holders
negotiate stumpage independently and must renégotiate
occaisionally (every 5 to 10 years). F.M.A. stumpage is
essentially fixed, varying only in a block fashion over
time. Assessment of quota stumpage differs from F.M.A. dues
in two ways. Firstly, the same formulation is used to asSQSS
all quota dues and secondly, the method of a‘praisal has
cﬁanged during the period of this study.

Amohg,ihe four input price indexes, wood shows the most
dramatic fluctuations. There are sharp peaks in 1973 and
1974 followed by a steep decline and then a lévéling off at
an extremely low price through the remaihdertof the study
period. These features correspond roughly with several
historicai évents in both thé.marketplécé and the
administration of timber dues in/Alberta. During the period ]
from the‘la;e 1960's to ﬁhe mid-1970's stumpage charges for
quota holders were adjusted according to a three-month
running average of forest product prices. As market pficéé

for forest products increased and declined, stumpage cha:ges
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were adjusted accordingly. During 1973 and 1974 lumber
prices fell dramatically from month to month (see appendix
A) but bec%use the stumpage adjustment was based on a three
month average there was a ;ime lag in the adjustment of
§tumpagé charges. As a result woods operators could
experience increasing stumpage charges while market prices
were actually falling. The draﬁatic price instability which
occured durihg‘1973~74 (possibly related to the enérgy
crisis) caused some ‘operators to become insolvent from ghe
combinatiqn of excessive stumpage .charges and falling
prices. This result led to a ré-evaluation‘of guota stumpage
charges and establishment of the current stumpage appraisal
system by the Alberta government. The current appraisal
system sets a flat rate of $3.00 per MEBM‘that can be
adjusted according to haul ‘distance, percentage defects, and
other factors that influence the revenﬁés and costs
associated with the harvest (Alberta Energy and Natural
Resburées, Forest Service, 1976, chapter 33). The base rate
of $3.00 per MFBM (which can be(féduced ﬁo a minimum of $.75
vper MFBM) is not allowed to fluctuate‘w;th market conditiohs
and thereby cénnot/reflec; ﬁhe true cost of the input to the’
producer. The redﬁced real price of wood inpuf vhich is
observ;d from 1976.throﬁgh t;e remainder of the time pe;jq?
reflecés the lower stumpage charges. The éqput cost éhareé
of wood (see Figure 5.2)'$how é similar reduction from about
35 perCent of input cost Before.1976 to‘appoximatély 20

percent atter 1976. This change can almost certainly be

@
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attributed to the imposition of the current flat rate

stumpage appraisal system used in Alberta.

Fuel Input

The real price of fuel is based upon the quantities (in
BTU's) consumed and the expenditures upon gas and diesel
type fuels for logging. During the study period, the real
price of fuel shows an increasing price trend. There 1is a
slighf price trend decrease from 1966 to 1971 after which an
increase takes blace. Like the price of lebour, the price of
fuel increased at a ratéﬂéxceeding;thai of 1nflation

\\throughout the period. The performance of the real price of

fyel during the period of the o0il embargo and energy crisis
(1973-1975) is noteworthy. It showed no dramatic changes "of
irregulaf movements auring this period. This result may have
occurred because of Canada's (and‘particularly Alberta's)
reduced dependency on oil from the Persian Gulf compared
with thé U.S. due to a larger proportion of domestically
lproducea’peﬁroleum. Consequently, only a steadily increasing
price trend is observed during this period. |

Tﬂe relgtive share of fuel in total production costs is
small aqd constant thfoughout the period of study. The_
consiStency‘of the fugl share in light of an increasing real
price indicates a reduction iﬁg}he consumption but not
expenditure on, fuel. Thus, the ratio of Qﬁtput per BTU of
fuel COnsuméd has iﬁc:éégéh’over time and more efficieht‘use

of the fuel input has taken place.

3
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B. PRODUCTION STRUCTURE PARAMETERS

Three variations of the translog production model were
estimated as described in Chapter 4. The model estimated in
its most res;ricted form 1s homothetic with Hick's neutral
technical change. The homothetic Hick's neutrallmodel
involves a total of 11 restrictions. Under the homotheticity
restrictions B,, and all B,, are set equal to zero while
under the Hick's neutral technical change restrictions B,,
B.. and all B,, are set equai to zero. The two unrestricted
models each have one restriction (either homotheticity or\

Hick's neutral technical change) relaxed. Estimation of

.unrestricted model which allows for non—-neutral technical

change determines values for thé parameters B,,B8.., and all
Q‘;'s. Estimates of the parameters B8,, and all B,,'s are

calculated for the Unrestricted model which allows

‘nonhomotheticity in production. In both unrestricted c’ses

the abovewspecified parameters are estimated in addition to
the 16 parameters specified in the restricted model . The‘

coefficient estimates for the restricted model and the two
unrestrﬁcteaxmodele are listed in Table 5.1

)

Estimation of the coefficients for the different models

1

-

was performed as a system of reggession equations consisting
of a ¢ost equation ande the cost;i;\are equations with one
cost share eqguation deleted’. The labour cost—ahage w%s
deleted .in the parameter estimation. The behav1or of the
dlfﬁrent labour coeff1c1ents was che most con51stent among

>See chapter 2 for an explanatlon of the deletlon of one
cost share in estlmatlon ‘ :
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TABLE 5. 1:PRODUCTION COEFFICIENTS FOR ALBERTA LOGGING COST

FUNCTIONS, 1966-1981
COEFFICIENT NON HOMOTHETIC NON NEUTRAL HOMOTHETIC,
MODEL TECHNICAL HICKS NEUTRAL
(unrestricted) CHANGE MODEL TECHNICAL
(unrestricted) CHANGE MODEL
{restricted)

ao - (25.6290) (-1822.0) -5.4262
By (-3.8882) o .9249 1.1839
Bk (-.6393) -17.5800 .3599
Bl -.3656% 6.5090 .0984
Bt (-.2337) 3.0833 -.5245
Bw (.5074) 7.9877 - (.0662)
Bk1 .0285% -.0080 .0602
Bk f -.0097" -.0103 (-.0023)
Bkw -.1086 -.1183 -.1044
Bkk .0898 . 1366 (.0465)
Blf -.1097% -.0170% -.0460% -
Blw ' -.0871% -.0700% -.0990%*
B11 , .0696+% .0950# .0848x
Bfw . (-.0017) (-.0039) (-.0032)
Bff .0224 - .0312 .0515
Bww .1973 . 1922 .2066
Byk (.0832) - -
Byl - 5 L.0271=% - -
Byf .0239 - -
Byw (-.0322) - -
Byy (.4135) - -
Bt - (.0180) -
Btk - .00009 -
gr1 Y - -.00003% -
Bt f - -.00002 -
Btw - ~.00004 -
Btt . - (-.0000001) -
Logllkellhood 188.41 191.23 179.04
value _ ,
Durbin Watson 2~ 2232 2.1715 1.6507
Statistic . ; S
R? - o L9111 .9419 .9006
F Statistic - 15.938 7.303

[

-

() indicates coeff1c1ents which are not 51gn1f1cant at the
95% confidence level

* indicates coeff1c1ents determined algebraically using the
restrictions on the equation system

all other coefficients are 51gn1f1cant at the 95% confldence
level :

N
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the inputs throughout the var{ous estimations. Therefore,
this input was believed to be the most suitable for
deletion.
C. MODEL SELECTION B

Estimation of coefficiénts for the different versions
of the translog model enabled the statistical testing,and
comparison of the various sub-models nested within the
translog model. Thus, the determination of a model best
representing the production structure -of Alberta logging was
possible. .

Estimation of coefficients for the models listed in
Table 5.1 indicate that two of the five homothetic
param.ters, Byf and Byl, are significantly different from

-

zero. Bimilarly four of the six technical change parameters,

Btk, Btl, Btf, and Btw, are significant. ~§§§ ®
The log likelihood values listed in the lower portion
of Table 5.1 indicate that the model is. improved through the

inclusion of homothetic and biased technical change

parameters‘°.i§ikelihoodﬂra;fo tests indicate that the non

»

homothetic 'and biased technical change cost functions cannot

.

be rejected'as appropriately representing the production

structure of logging. .

The R? coefficients for the three models reinforce this

result, The;Rz values for the unrestricted models are higher
‘°See Judge, Hill, Griffeths, Lutkepohl and Lee, (1982) .
chapter 4 for a discussion of likelihood ratio tests.and
Banskota (1984), p. 80 for loglikelihood ratio testing
applied to translog results. ' A
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than that of the restricted (homothetic, Hick's neutral)
moddel. This can partially be explained by the addition of
‘extra parameters to the unrestricted models which
automatically increases their R? values. However, the
guality of the overall regression may also be improved in
the unrestricted cases.

The Durbin Watson statistics listed 1n Table 5.1

indicate that thg/possibility of autocorrelation exists for

the }estricte model but not for the two unrestricted
models. The” inclusion of nonhomothetic and biased technical
change parameters improves the quality of the estimatore
through the elimination of autocorrelation.

Two restricted unrestricted F tests were conducted to
compare models. One comparing the’restricted homothetic,
Hick's neutral model with the unrestricted nonhomothetic
model and the other comparing the restricted homothetic,
Hic{;s neutral model with unrestricted'biased4technical
change model.’The results of both conclude that,ver
nonhomdtheticity and non neutfal technical change cannot be
rejeeted as representative of the production structure of
. tggcAlberta logging industry.

¢

The 1mp11cat10n from these tests is that the model

which best represents the production structure of the
Alberta logging indystry is a‘non-homethetic,.non-neutral
technical change tradslog cost function. Limitations on the
data.set mede impossible the estimation of this model és a

>

system-of eQuations that included a cost equation as well as
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cost share equations (as in the case of the other >
unrestricted forms). Hence,‘the complete unrestricted model
(a 21 parameter non - homothetic, non-neutral translog cost
- function) 1s inferred from the models which estimated each
feature {(nonhomotheticity and non-neutral technical change)

<

separately. B

The acceptance of nonhomotheticity ana non-neutrality
of technical change in the specification of the@%roduction
structure has several characteristics pertaining to the
production process. Nonhomotheticity imp%ies that chgnges 1n
output will affect input Qemand functﬁ?ns and Fhat there 1is
no constraint of constant returns to scale in the loggiﬁg
industry. The non-neutral technical change characteristic
suggests that the logging induStry éihibits biased technical
chahge in input"usage. Further, the &bgging industry 1is

constrained'by factor prices in alteringathe production
1 W

process and external pricé shocks will influence factor
substitution dueo the variation in .the elasticity of
substitution permitted by the flexible form production

structure. - K

/

Estimation of the different elaéticity‘measures
utilized the parametéré éstimated from the fully
unrestficted (nonhémo%hetic, non-neutral technical change)_
model. Since«daté was insufficient to estimate the complete
unrestricted model (as a cost function and sharé:equation |
systeh), only the share equéfiiz/gfstem was. estimated.
Although this estimation was incomplete the parameters

-
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necessary to determine all of. the elasticities were

estimated. These parameters are listed in appendix B.

. v . }

D. TECHNICAL CHANGE AND SCALE PARAMETERS . -
- . .- "\ Ny

Technical Change ‘ . ) , it
l ’

, Teéhnlcal change parameters for all four of the

Tw -

productlon 1nputs were significant whlle those measuring
: * . .

\ . )

rechnicél change alone (using time as a proxy for

tedhnologica;‘chanQe), Pt and Btt, were not sznificant (see

Table 5. /) All time coefficients were very small in
magnltude. However 1nterpretatlon of .their 51gns prov1des

useful economic informatiop,‘fv\

. -

Teohﬁical change was‘oapftai usrn% but labour, fuel and

-

‘wood saving.vThis‘reSUI; isiconSiEtenf’with56b5erved

'1ncrea51 g 1£put costS'andétechnologlcal progress Over the

K}

.

,
~ 8
a

N

T

R

L] .' L

R 23
study per1 d the occurence of thetenergy crisis has

(U

d1rected research and 1nvestment Jnto fuel sav1ng methods of .

o . u

operatlen. S1m11ar11y 1ncreased labour costs have led to

1%creased automatlon and labour savang teéhnologi Natmral B

Iy (I

K ";-

W
resource scarc1ty (1 e. tlmbeb supply) caused by 1ncreased

productlon levels and a hlbtoqy of 1nsuff1c1ent regqu{atlon

‘of harvested areas have lnsplred tesearch 1nto wood sav1ngs._

. P,

wOodzéadlngvtechnologles commany appear as
- o

)
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Scale Effects ’

Scale effects measure output changes relative to 1input
usage and price indexes. The results of the unrestricted,
nonhomothetic model in Table 5.1 showed that the scale
parameters for capital, wood and output were not significant
at the 95 percent confidence level. The scale paramefers
.that are significant indicate that scale 1s fuel saving and
labour using. Both og these results are as‘expected for the
logglng industry. Logging due to 1its seasonal'and cyclic
nature, will likely respoad to output changes with those
inpute that are most rabidly available. Labour can readily
be added to boost output levels. Fuel savings at higher
output levels may be related to the teanical cﬁange

parameter for fuel,. Technlcal change was found to be fuel

EN

\

saving. Thus, at hzgner output levels where 1nvﬁstment angd

5 -
scale are greater, the possiblity of ut11121ng more fuelA

saving .technology exists.

Altheugh not statistically significant;lthe scale
parameter for capital indicates that scale’ may be cap1ta1
.using. Thls result is expected since h1gher output levels
have higher capital use intensities through irvestment ini

technolegically‘advahced} high output eripment;

The scale‘parameter_fog wéod,;also not statistically

significant, indicatesfthat scale may .be woodysayiné. This. "

L '

§éa13'reéult is aS‘expected'because of the wood saving

'unature of techn;cal change and the 1ncreased use of.

aechnologlcally a&vanced cap‘tal at hlgher levels of,dutput.
. —\_ 5

[ A

I
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E. FACTOR PRICE AND SUBSTITUTION ELASTICITIES

The coefficients estimated by the model permit the
estimation of several different elasticities for each of the
16 years in the time period. The estimation of own—brice
factor demand elasticities, cross—pryGE\jactor demand
elasticities and elasticities of substitution is possible

for all comktinations of inputs.

Own Price Elasticities ~

‘ Neoclassical economic theory indicates that inpot
demand curves (or output demand curves) are';ell behaved
when they are downward or negatively sloged. Therefore,
own—price,elasticityAOf input demand should -also be of
negative sign»'', The“oWniprioe elasticities for the four
inbdts in the logging‘production process all, have the

expected negative sign except for the wood input

elasticities after 1976 These results are dlsplayed in

"y

Table 5,2,

s

The period of positive owﬁ—price elast&citiesufor‘wood

v -

corresponds to the 1mp051tlon of a flat rate stumpage

appra1sa1 system in Alberta. Although the own- prlceu SR

elasticities for wood are,p051t1ve after 1976 the.concluSion

1

that'wood Eecomes’an:infe?iot'input after this time is

1nva11d Since the change in stumpage pollcy after 1976

L

1nst1tut10nally flxed the stumpage prlce, “the demand for the .

)

wood input .is prohlblted from behav1ng in a manner.
''For a discussion of own—p:1ce elast1c1t1es, their
determlnatlon and 1nterpretat10n see Green, (1976) 53-56.
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TABLE 5.2: OWN-PRICE ELASTICITIES FOR ALBERTA LOGGING INPUTS

““FOR SELECTED YEARS

-

YEAR CAPITAL LABOUR FUEL -+ WOOD

1966 . -.2028 ~.3401 -.3996 -.0744
1971 - .4366 -.3406 -.3715 -.1259
1976 -.1927 ~.2992 ~.3444 0.1562
1981 2246 - -.3343 -.3541 0.3240
MEAN LT -

.1495 -.3294 -.3180 "~ -.0033-

Source: see appendix B

.
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consistent with economic theory. Therefore, the own-price
elasticities for the wood input after 1976 ep not have signs
which reflect normal neoclassical inout demand functions.

In addition to the sign, the magnitude of the own-price
elasticity of input demand provides important economic
information. All of the four inputs'to logging production,
are inelastic over the study period.Khaving own-price
elasticities with absolute values less than one).

) Prior to the imposition of fiatvrate stumpage the wood
input was extremely inelaetic, the most inelastic of the
four inputs (see Teble 5.2). Own-price elast1c1t1es are not .
coneidered after 1976 because of the 1nst1tut10na1 fixing of
the input prlce‘z. I o ' \ o .
: Labour was the least 1nelast1c of the four 1nputs with
an average o;n—prlce elast1c1ty of 33 (one th1rd of
unitary elasticity). Labour was=aiso the most stahle of the
. Inputs in its onanrice elasticity, devimting little from
i?s mean value over the time period. .

Fuel was' slightly more inelastic than labour and became

more so, over the study,periddgiDuring'the period

<

. o

~corresponding to the energy Crisis (1973—1975) therwnéprice
?"elast1c1ty of fuel decllned in absolute value from —‘33 in,
;1972 to -.19 in 1973, -.17 in’ 1974 and - .19 in 1975. As -

. :
[ .
ééalternatlve sources of petroleum were found and the énergy ; ’ﬁf

2

crisis eased, the own- price elast1c1ty of fuel returned to

;:1ts pre energy CflSlS level of around - 34' The-lncreased

_—-————_—————--—-—_—-

“1The price- elasticity of demand is not relevant when 1t ‘is

-

'ﬂ;constra1ned in 'this manner = . : , .

f -

.t

o oo ‘ N
A L R - A o
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inelasticity of the fuel input during tﬁe oil embargo seems
logical in light of the relative inelasticity of the fuel
input and the manipuilation of supély ey the 0il producing
cartel. This would force the demand relation to become even
more inelastic due to r2duced qeantities supplied and lack
of substitutes. - e

Capital was more inelastic than fuel or labour over the
study period. .The own-price elasticity of ‘the capital in.put"~
showed an 1ncreased inelasticity during the energyacrlfls of
the 1970's. The Increased prlce 1nelast1c1ty of capltal 1n ,
resposse to the oil embargo may be the result of the | :%p
substitution of capitalkfor fuel and the overail price . ”
instability caused by this event. ' -

\

Cross-Price-Elasticities ‘ - T . .

Bl

The cross-price elasticities of demand are summarized Con
over the study period in Table 5.3. Cross-price demand
elasticities are useful in deteérmining the substitutability

or complementarity of inputs. They are proportionately
’ P . ° _‘ ' . R > o
related to substitution elasticities as. described by the .

relation:

-

Ny = Si0ije

.where n is the éross—price'elasticity Hetween“idputs 1 and -

“Jor SJ is the share of- input i and o., 1s the partlal
elast1c1ty Of‘ﬁﬁbgzi;utlon between 1nputs i and ]‘ e
Relatlonsh1ﬁs betwee ‘Anputs are best descrlbed by thelt SRR -

partial elast1c1tles of substitut1on (Banskota 1984) and IR

[

- .
-‘,1 - e

"
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TABLE 5.3: CROSS PRICE ELASTICITIES FOR ALBERTA LOGGING

FUEL-WOOD . -, .248

. 141

.108 -

INPUTS
I&PUTS - 1966 1971 1973 1976 1981 MEAN
CAPITAL-LABOUR .268 .24é ~°.276  .386 .321 .295
LABOUR-CAPITAL .234 170 .154 - .237 .347 .227
. CAPITAL-FUEL 021 .010  -.007  .014  .025 .Q10
FOEL-CAPITAL . .120 .047 -.042  .086 .21 .078
CAPITAL-WOOD  -.088 - 116 -.177 -.208 .123 -.157
WOOD-CAPITAL  -.090 -.076  -.108 -.311 .?15 -.181
LABOUR-FUEL  .005 - .002 -.005 .012 . .005  .003
FUEL-LABOUR 035 .011  -.055  .122 .038: .021.
LABOUR-WOOD 107 .169 - 1183 .049 -.018 100
WOOD- LABOUR 112 L1587 7199 .120  -.042 111

WOOD-FUEL .045 .044 .031 . .035 ;033’ 037
2317 .291 " .222




"?}"however ‘the reverse s not necessar11y true, 1 e. 3 may
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con?equently this study will place more emphasis on the
interpretation of elasticities of substitution (covered in
the following section).

Iriterpretation of cross-price demand elasticities
: ,//

involves considering the effect of a change 'in the demand

for factor 1, when the -price of factor j changes and all
A, . ”~

other prices are held constant. When the cross-price-

elasticity, Mmi,, 1s positive,; input 1 1s said to be a
. .

~ substitute foi/lnpafﬂjgi. Similarily if 5,, is less than

~Zero,” input-1i is a ctomplement .for input j'*‘.
A
‘The cross-price demand elasticities in Table 5.3 are

~

for five-year inter&als over the study period. In addition,

the year 1973 is reported since 1973 was the f1rsg year
L .
where the effects of the energy c¢risis were felt in the

economyl,The effect of thlS event 1s observabile in some of

-

the cross—pr1ce 1nput demand elasticities for logging in

Alberta. .
‘'Several general trends and relationships can be

~inferred from the crosslprice elasticities. Zpeee general
o

wed by a more

%« .-
- w

trends w1ll be dlscussed in this section fol
detailed analy51s in the : folIOW1ng sect1on on the

‘i_elast1c1t1es of substxtutaon.., ‘

1 . & e o

All of the cross elast1c1t1es showed Subst1tutab1l1ty

between pa1rs of 1nputs except for capltal and wood (see

:Table 5-3) The complementary relat1onsh1ps for capltal wood

‘not be a ‘substitute’ for i ,
""Agaln SYmmetry may- not ‘hold: and j may not be a. complement

.-fvfoé } :n B T N . 5r~’;;"

N ‘ ‘-, o ', \m‘ . ) s .'.'.



’«wh1le labouT fuel (L-F) and ﬁpel labouﬁ (F- -L) show the

. weakest substltutaﬁ?llty

:paire (L-F) and‘?FeL)L

then the eMasticity beco%?s .invalid.

78 -

-]

(K-W) and wood-capital (W-K), increase in magnitude over the

time period. Noteworthy among the substitute 1nputs are

wood-labour (W-L) and labour-wood (L-W) which both show a

shift from substitutability to complementarity of inputs at
the end of tne-study period. There are two potential causes
for this s%ift. First, there has been a shift away from
labour through the time period due to ineieasing real prices
of labour (discussed at the beginning of thisvchapter). At
%?me'pointhsubstitution away from labour may have reached
its saturation pe?ntrand some inputs hey have no 1ongir been
substitutable with labour. This may be a valid result for
the wood input. Second, the institutional fixing of the

price ef wood after 19i6 may have influenced the cross

elasticity, This.result is not unexpected, especially when

one considers that'tne Cross elasticity measures the change

in 1nput demand 1n response to a price chinge for another

input. If the other input is.wood q&d its price 1s f1xed )

A . .
' ?

[
Among the other, suhstltute inputs capltal labour (K-L)

‘ 4

and labour cap1tal (L-K) show the strongest subst1tutab111ty

‘,-0
The effect of the energy crisis 1s apparentdsn several -

of. the cross elast1c1t1es 1nvolv1ng the fuel- 1nput. The"‘ o

cap}tal-fuel‘pa;rsl (K-F) and (F-K):and the-iabour—fuel-b

S

’gll reVersed from substltutlon to

'd‘complementarlty among inputs- dur1ng the energy ‘crisis. ThlS

S A ,' o oy o -
W . ! . : “ " 3

oo ) E | R T S . . )



result may bave occurred because the reduced supply and
increased price of fuel caused substitution of other inputs

to the extent of saturation forcing complementarity among

.

these inputs.

Elasticity of Substitution

\
‘ \

The elasticity'of substitution measures the -
responsiveness of the:c;tio of two quantities to changes in
the ratio of their‘prices (Green, 1976) . Substitution
elasticities differ from crsgs—price elasticities in:that
they have 2 forced symmétry imposed on output pairs ti.e
the elasticity of substitution of capital in response to a
change 1in the price of labour is the reverse of the‘
elast1c1ty of substitution of labour when the price of
capital is varied). Thus the elast1c1ty of substitution,
symbolically represented as 0,,, measures the manner in
which the quantities of inputs i and j change in such a way
to keep a firm on-the»same'isoquant or output level. The.

elast1c1t1e€ of substitution for logging in Alberta: between
. V3 C
1966 and 1981 are d1splayed in Flgure 5 3 .

4 All of the SUbStltUthﬂ elast1c1t1es are 51gnificant at

the sample means with the exceptlon of the mean elast1c1ty

between: capltal and wood. The substltutlon elasticity for

I

‘eagltal wood (K- w) is not tw1ce_1t5‘standard error"~andfi

- " ————

"sA 'common and convenient test of the»significancevof =

elasticities is tb see if thé value of the elasticity is
.twice or more than twice its standard error.If this is.the
case’theén the elast1c1ty is significant. The use of two as a

‘critical value is analagous to a conventional. Z-test at the

-95% confidence level (where the crltlcal value 1s 1. 96) »

.
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therefore is of dubious reliability and significance.
f_-‘* ‘

-

Significant substitute relationships ex{st for

eapital-labour (K-L) and wood-fuei (W-F). These

relq}ionshdps are consistent and are maintained over the

‘duration of the study period. Substitutions between K-L and

4 L * 3 N '
‘WrF are strongest among all input® combinations. This result

TN 1

'*onsiste‘nt with that observed for the cross-price

-~

(‘?

-

elasticities. -
The elasticity’ between labour and wood shows con51stent

SUbStltUtablllty up to 1975 and then Weakens until the two

N -

@ﬁfnpugg become slightly complementary after 1980. The

»

N
occurence of® this change corresponds to the impqg&tion of

\

‘ _ -
flat rate stumpage on the wood input. Thus the institutional.
fixing of the price of the wood input, which allowed 1ts

real price to deqiine.as inflation progressed, may have

’ !
“reduced the substitutability between labour and’wood to the

point- that the inputs ultimately become complements.
. 3 ‘

The elasticity of substitution between gapital andvfuel'

RN

: _ , ) .
shows that substitutability between the inputs at the outset

¢
of the stud eriodes At two poants over the txme perlod the
Y ¢

slgn of thlS elast1c1ty reversed 1nd1cat1ng a Shlft from
subs;dtuteblllty to complementar1ty. The first was in 1970
and‘the secqnd was.in 1973—1974. The secon? anomaly can

llkell be attrlbuted to the energy CflSlS..ThiS same j
-3 (cont' d) The standard ‘error -for the elast1c1ty of
substitution between inputs i and j is estimated as h;;/S.S;
where b, ; is. the standard -error of the B’ coefficiént -and.
S, and S; are the shares i and j. This. standard error may

- -underestimate the true standard error 51nce 1t assumes ﬁhat

* the cost\shares are’ flxed

e . . ’ : BN
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relation was observed for the cross-price elasticities
involving the fuel input. The first anomaly in 1970
corresponds to a year of poor market conditions. However,

poor market conditions alone.do not explain the abrupt

.change. The rawv data as well as the computed results reflect

the irreqgularity occuring 1n capital in- 1970. This
: Cor . -
observation cannot be readily eprained and 5éy be best

regarded as an outlier. After the 1nstab111ty of the energy
crisis, the substitutability of capital and labou;

strengthens increasing in magnitude fot.the'remainder of the
' 4

study period.
The elast1c1ty between labour and fhel fluctuates
between slight substitutability and slight complementarity
aover the study period. L-F, of all input. combinatiohs, has
an elast1c1ty which most closely approximates zéro (the meah
elast1c1ty of substitution of L-F 1s .048, lowest of all<the

inputs). A zero elasticity of substitution indicates a

Leontief type relation or- fixed factor prodUction (Green

1976). The L- F elast1c1ty shows slight SUbStltUtablllty over -

most of the time period. Slight complementar1ty between the
]

&
.1nputs is obserVed during the period corresponding to the

energy trléls and also in 1980 Overall the substitution
(} .
elast1c1t1es 1nd1cate the two-factors must be used in near:

" fixed propOLtlons with only minor SUbStltUthn p0551ble..‘.

4

The e1ast1c1ty of substltutlon for capltal and wood was
less than twlce 1ts "standard error 1nd1cat1hg 1ns1gn1f1cance e

of the elest1c1ty. These were the only two 1np9ts

/ .

.
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demonstrating complementarity over the entire study period

L4

(confirming the fesults observed fq{ the cross elasfiCitief

of K-W and W-K). Complementarity between capuaal and wood

2
b4

A
was quite weak at the outset of‘the study period but became ¥
stronger during the energy erisis. After the imposition of a

flat rate stumpage appraisal system in 1976, the - . .
complementarity between capital and wood increased |
dgamatically and was sustained for the remainder of the é;
study period. | |

F. SUMMARY
Price trends for fuel_and labour show increases oyemvﬁ?

the study period, 1966-1981. Cdpital and wood priceswshow

-

decreasing price trends after 1915. Labour was the dominant
cost in production accounting for 30 to 40 percent of tetal
" costs ‘over the study period Cap1tal held the ,next largestj.;
share. Wood maﬁﬁtained a large cost share until 1976 after
which the  share droppedtfrom about’ 30,percent to about 20

‘percent due to the’ 1mp051tion af flat rate stumpage

3‘fuel share 1s small and con51stént over the studm

l

Empirical analysrs of the different productio

LS

structures indicate that the model which best représents

logglng is a nonhomothetic non neutral translog cost

i

A )

hfunctxonuvThe results of thls,model were inferred rather

N B R - ¢

than estimated d1rectlx : i :

The comparatlve statlc results from parameter estlmates

i

'indicate that thete is positive technlcal;change in the
_ . y , . : D
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logging‘sector. Technical change was found to beocapital

using and labour, fuel and wood saving. The output paraméter

estimates in the nonhomothetic model indicate that scale was.

- fuel and wood saving as well as capital and labour using.
Determination of own-price elasticities revealed that

all input elasticities are inelastic. Capitalmglas{icitigs

Nt

becéme more inelastic over the study peridd-and fuel i1nput
elasticities.became more inelastic Quring the energy crisis
of the early 197.0'5‘. '
Cno;s-price elasticities show that all inpu£
combination pairs except K-W are substitutes. The K-W and
W‘K‘pairs demonstgate increasing complementarity over the
studyaperiod. Thq/strongest\inpﬁt substitutability waé
observed for L-K combinations. The occurence bf the energy
crisis tempora?ily reversed several of thg input ,
relationships from subgtitutability to complementarity.
.Elasticities of substgtution reinforced the crésé—price
elasticity results. Significant substitution relationships
exist between K-L and W-F . Substitutability between L-W is
maintaiped untii 1975 after which the relationship becomes
',slightly compleheﬁtary. The élasticity of substitution. of
L-F is near zero indicéting é fixed-factor-type of
felationship.'The K-W elasﬁicity, while not signifécqnt,_y§s

the only complementary input ‘combination over, the entire

! \
-

study period. . , - 0 L i

»
[} .

The impiications of these results for the'logding'

.sector bfithe‘Alberta forest industry andrimplications for

RN

84 -
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resource management policy are discussed in the following

.

final chapter.
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3 * VI. SUMMARY AND CON_CLUSIONS

.
~A. SUMMARY )
Logging is the most primary seétor of the forest

industry. In AlBerta ihere are many pfoblems facing the
forest industry which are economic in‘nature. Economic -
analysis of the forest industry is an identified area of
Fesearch need. A high priofﬁty.research neéd in Alberté 1s
production structure. Past résearéh has Fedded to neglect
the logéing sector and for these reaéons a production
analysis of Alberta logging was undertaken. '
Analysis of product&on structure ﬁ«quires specification
of an appfopriaté,functional form. The translog cost m;del,
‘was selectéd for its flexibilitf characteristiés and 1its
favourable data requirements. The translog cost model
specifies produ#;ibn cost as a function of the input Sfices
of capftal, labéur, fuel apd wood. Parametér estimates for
the transldg‘model'wefe,obtqined from both the cost functioh
and share equationé. The estimated.cost functions satisfied
the required neoclassiéal conditions‘of positivity, -
monotonicityland convexity through the impositipn of "the
“appropriate theorétical'restrictions. ~
R Timé—se;iés data‘éovering Ehe period of 1966-1981.were
vhséd in ;hé‘esﬁimation. The four pvoductioh’inputs were
représénted'as aPivisia index of quantity and expenditure

. _ @) . : -
for each input. All expenditure data were deflated to real

_dollars using a GNE index.'The’price‘of.labour was a Diyisia

e ) : . - .
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index 6f manhours paid and the te§al expenditure on wagee.

" The brice of capital was determined from the expenditure on
capital and repair and a propertion of capital‘stock gs the
duantity measure. The wood index was defined in terms of;the
stumpage paid and volume of harvest. The pfice of fuel wes’h
, . ,

ebeained from the expenditure and guantity of gaso{ine and

.diesel fuels used in logging.

Estimation of the parameters of the model was performed
in a sequential_ofﬁer, mov&ng in é“deereasing order ofﬁ
rest;ictiveness. The SHAZAM econometfics package, availabie
thfough the University of Alberta Computing Services, was
usea for the estimation. ’

Estimation and testing of the various nested models
revealed that the'nonhemothetic, non-neutral QechniCal
change trensleg cost function best representeé the
production structure of tie Alberta logging sector. Posf;fve
technica} change, observed over the study period, was foundf

to be capital using and labour, wood and fuel saving.

Estimation of output parameters (the nonhomothetic case)

“ o

indicated scale was capital and labour using and wood and

fuel saving. Comparative static results indicated input

demand was hlghly 1nelast1c in all cases. Significant

-

substatutlon relat1onsh1ps were observed between capital and .
labour. Input complementarlty between capztal wood and
labour wood was’also observed The elast1c1ty of

. 3

'substltutlon for cap1tal fuel 1nd1cated a substltute<.

relat10nsh1p at the outset of the study perlod becomlng

~

N

&
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slightly complementary by the end of the period.
The implications of these results™are discuss%d from a
policy perspective in the following section of this chapter
.
3
H
B. POLICY IMPLICATIONS

.

Price Stability

;;A“significant‘finding of this analysig Qas-the
inel;sticity of all the logging productidnlinputs.
Inelasticity in input demand is an expected result for
logging because ot‘its primary:industry"natnre. The
inetasticity of input demand tendghto decline with the
movement from.primary to secondary to manufacturing
industries. This result is confirmed by the findings ef
Banskota (1984) and Berndt and Wood (1975). Inelast1c1ty
implies an insensitivity of inpUt demand‘to price change%.
The’own—price elasticittes for 1ogging 1nputs demonstrated a
stable and strongly 1ne1ast1c relationshlp over the study
period. HoweVer,stability of elast1c1t1es does not
necessarily infer stability in prices Forest product prices
are typically unstable. Therefore, price instability in-
logging may be 1nten;§fled by the highly 1nelast1c nature of;
the production inputs of,thls‘sector._fhe relative
,insensitivity of input deﬁand tctpriCe changes'maf cause the
loéging‘sector to be;significantlyhaﬁfected by price.
instabilit;; The role of‘governments in‘dealing with this
probienéis quite limited. Inelasficity tends to be inherent

)
B
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in the structure of primary industries and particularly

logging‘(as,eVidenced by the results of this'studx) and

.hence stabilization policies will have to-recognize this

situation. Similarly, price instability is an accepted

-

reality in forest product markets and gdvernments have few

options other than'ietting the market operate freely (since
. ’ : A - .
market intervention, such as wageg-and price controls, tends

to be“difficult and politicallyﬂunpopular)? Thus,

policymakers should be aware of the lnelasticity in the
loéging sector and promote the use of inputs with somewhat
nore elastic supply'schedulesr fn addition there 1is some
expectation (although it was not observed in the results of
this ana;ysis) of decléning inelasticity over time as the

sector expands andninput supply becomes more competitive.

Stumpage.Policy

A contentious 'issue in Canadian forestry is currently

the settlng of Crown dues or stumpage. Stumpage policy in

Alberta experlenced a major change durlng the period of this

. @

study. Crown dues for‘F.M.A. holders have been fixed

thrbughout the study per1od Quota stumpage however,

~ .
previously adjusted accordlng fo. market prlces, were

1nst1tut1onally fixed after 1976 The effect of this change

K

is quite dramatic in both the duta and subsequent results.

‘Economic 1nd1cators, such. as the own- pr1ce elastlclty of

%

~wood were dlstorted,by the - 1nst1tut10nallf1x1ng»of the wood

3

input price. This distortion causes the market to operate in

AY

'
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a manner ihconsistent with theoretical expecta§ions. Wood 1is

a scarce renewable resource. The Ricardian response to

B

resource scarcity is increased price, thereby expanding the

Meconomically accessibl)/supply The presence of fixed

stumpage prlcex ((i.e. declining real pr1ce) prevents. the

market from respondlng to scarc1ty. In a functioning market,

Jstumpage values should.follow output prices. The

%1nfl!x1b111ty of the wood price forces output prlce cbangesv

\

to be absqrbed among the other inputs. This raises an issue

which this .study cannot conclusiveiy address - does the

. -

institutional fixing of stumpage contriblite to, or reduce

o

pricéﬂ’ in"stability?

| Stumpage as currently assessed in Alberta is
1neffect1ve in properly capturing the prlce of the timber
resources used. In addltlon to the size ‘of the stumpage

—

charges (an 1ssue not addressed in this study) the abllity
of‘spumpage to vary witb output4prices should be considered’
by poliCYmakers.atpempbing to reeva;uateistdmpage'appraisal
in alberta.‘ - ‘ |

ity |

alysis;haVe direct implications for labour. Technical

'change vas found to be labour saving, expansion oflsector
,output (i.e. SCale) was labour u51ng an@ 51gn1f1cant.
,subst1tut1on between capltal and labour was observed These

vresults 1nd1cate that there 1s a shift away from labour as‘
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an 1nput to lo ging. This same result is widely reported dn
the literatur;:fBanskota,“1984, Greber gnd Wh}fé, 1982, and
Robinson, 1975). The substitutién of capital for labour in
logging production is‘indiéated’by thé large’(O.B), slighfly
increasiné, elasticity ,of subégitution for K-L caICU}dted
over the study period. The strength of the substitution
'relationship suggests that, in the future, employment will
continue fo be displaced in the logging éector. This, effect
is reinforced by the labour saving teéhnoiogy constaﬁtly
being~br6ught into productiﬁn. The industry ﬁends to be\
driven by capital intensive technological change. Government
may contribute to this ﬁrend through the promotion of
capital investment in the forest industry. In Alberta,
F;M.A.'s are allocated to firms willing to construct largé 
scale, technologically advanéed mill complexes. Lowlrénts;
“tax coﬁcessioné and other incentives are used to attract |,
firms willing to make such large, capital'intéhéive
investments.

The effécts of substitution-away from labour are offset
b;dscalé effégts. The scale parameters indicate that an -
increase in‘ehploymenﬁ will occur when there is expansion in
the idéus?:y. This effect, whilé'OpposifE to the

'sﬁbstitﬁtion and technicéi change»reSults,;may only be.
‘sufficient to preveﬁt*an‘equus of 1abbuF,from logging
rather than generate employment'inrthevseété;.‘Measurement

of the size of these impacté is beyond the scope of this

analysis. The extent to which these effects offset each<

N
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other is unkhown, only their direction is certain.

. /.
Policymakers actively seek employment generating
L ’/—'/ ' .
projects and/policies. Further investigation of the
/ ] ‘

magnitude of\the above_i@pac;s/ﬁs warranted for policymakers

N - .

—

considering fSrgsL/fhdustry investment alternatives. Their
impact is of particular concern in regions where communities

are singularly q$pendant on the forest industry.

Other Policy Considerations
O - -~
‘Many of the comparative static results determined in

this analysis have implications for policy. .
. i \J ¢
The elasticity of substitution for K-F showed input

substitutability at the outset of the period, but‘siight
complementarity by the end %f the period. This end ot.ﬁeriod
'resuit agrees with Banskota's (15%4) findings for Alberta’
sawﬁills and Berndt and Wood's (1975) results for

manufacturing industries. Further information on this
. \ . - . : .
relationship is lacking. However, this observation may have

implications for fuel tax policy in primary industries.

Complgmentérity was observed between wood and some of

the other inputs. The pértial-elasticity’df’substitution for’

. g | T ) - : . - - — h
K-W indicated complementarity over the entire study period,
t o

The primary.nature of the wood input may account for this

result. Increased logﬂutilizétion-th:ough capital investmeht
in tecﬁnologipalfchange.is unlikely in thig sector. Thus, ata
"_a primary level such as logging, capital cannot be
substituted fér wood. In sécondary industries such as

.
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A

sawmilling, K-W substitution is more likéiy.'The literature
supports this finding (Banskofé, 1984) . |

Another complementary relationship was observed for
L-W. These inputs showed a fixed‘factor relationship over
most of the study period bU% moved towards complementarity
by the end of the study period. This result aéreés with
Banskota's (1984) gawmilling resuits. C§mplementarity
between these inputs indicates increased wood utilization

will enhance employment. . . a

C. Synopsis
The objective of this thesis was to conduct a

‘productien analysis of the logging settor of the Alberta

forest industry. The translog cost functional form was used "

Y

in estimation and measures of input demand, factor
substitution, technical chénge and‘scale weré\obtainéd. The
overall statistical validity of the results was evaluafed
and the various economié measures werg'interpfeted in policy
terms. Many of the results of this study sufort past
fin@ings from‘this aha other sectors of the forest industry._

Other results not supported in the iiterature, particularly

fegarding stumpage in‘élbérta, a}e noteworthy. It is hoped

that this thesis has contributed to the state of knowledge
. . . B » & ' ) v
concerning the structure of the logging sector and may guide
‘ o e’ =y
further research in this area.

1
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APPENDIX A: SELLING PRICE INDEX ~ ALBERTA SOFTWOOD, SPRUCE
FOR EXPORT 1971-1981

YEAR JAN FEB -MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC

1971 79 93 98 " 94 94 104 111 113 104 100 104 106
1972 115 122 123 129 131 132 144 148 159 169 172 165
1973 175 182 190 202 191 191 181 184 190 176 163 155
1974 134 139 174 171 158 149 143 135 121 101 108 104
1975 101 109 110 134 154 144 145 146 143 131 136 148
1976 159 158 165 158 157 151 160 170 174 164 161 171
1977 170 169 175 174 173 177 209 232 242 218 213 226
1978 261 268 271 267 264 257 252 267 271 280 284 272
1979 279 292 299 289 292 295 309 333 354 339 299 273
1980 260 280 263 204 202 223 259 271 234 225 239 240
1981 235 236 226 240 247 256 257 250 266 213 217 218

Source: Statistics .Canrada cat. no. 62 - 011

.
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KPPENDIX B: SELECTED COEFFICIENTS FROM FULLY UNRESTRICTED
;¢ SHARE EQUATION ESTIMATION (USED FOR ELASTICITY'CALCULATIONS)

COEFRLFIEN?

-4

=

¢\
»

-,

a

NONHOMOTHETIC, NON-NEUTRAL .
. ‘ _ TECHNICAL CHANGE MODEL (share
. ' : equation_system only)

Bk1
Bk f
Bk
Bkk

3rf' 

Blw

Bll°
Bfw
Bff
Bww

<0

02725

.00376°
. 11600 -
. 14977 -

.01674
.06755
. 10853
.00253
.02920
. 18606
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APPENDIX C: OWN PRICE ELASTICITIES FOR ALBERTA LOGGING
) *

INPUTS
N
YEAR ’ CAPITAL LABOUR FUEL WOOD
1966 -.2028 ~.3401 -.3996 ~.0744
1967 -.1959 -.3411 ‘—.3845 -.1042
1968 ~.1564 -.3392 ~.4871 -.1309
1969 -.1604 -.3357 -.3810 -.0959
1970 -.3426 -.3273 -.4253 ~.1368
1971 -. 1366 ~.3406 ~.3715 - . 1259
1972 ~.1585 -.3328 -.3394 -.0903
1973 -.0926 3323 ~.1890 -.1220
1974 . 1164 -.3345 . 1765 -.1206
1975 -.2098 -.3384 -.1949 -.0641
1976 ~.1927 -.2992» ~.3444 0.1562
1977 | -.2142 -.3043 ~.2924 0.2566
1978 , - .2254 -.3201  -.3008 0.3116
1979 -.2237 -.3143 ~.2515 0.3045
1980 -.2247 -.3348 -.2368 0.2558
1981 - -.2246 -.3343 -.3547 0.3240




