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P Abstract ]

The purposz of ‘this study is to analyse the impact of a
uniteé States tariff or qguota on importédviumber from
Canada. The study involves an investigption'of the market
structure of lumber trade betveen the two countries. This
study differs from earlier studies qn that it involves
estimation of elasticities of lumber demand and supply for
the two countries. The assumptions are made that there is no
seperate demand for Canadian lumber in the United States and
that imported Canadian lumber is a complement to United
States domestic lumber supply. fhe estimation of demand and
suppiy of.lumbef in-the United States tumber market was, |
therefore, heéessary. The reg&déntial c:nstruction.industry
gpcounté for the ma jor sharérof lumber consumption in the
United States. The share of Canadian‘lumber in total lumber
consumption in the United States increased in recent ygérs
due tqﬂ;anadian—ptodﬁéfiga\ébet advantages.

.lA non homothetic non neutral translog function best
approximates the pfoduction teéghblogy used in the‘
residential construction industfi;¥ of bo#h countries during
1970-82. Demand price elasti;ities gg\lumber,in t‘:ot:h"~
countries are inelastic. A linear supéTy\podel is utilised -
to estimate supply elas;igétiés of lumber  for both
countries. Since quarterly data for Canada were not
.available;iannualvdata for thé_period 1961-82 were used to
estimate a, supply model;'ﬁumbeg»supply is elastic in the

Canadian sawmill industry and inelastic in the United States
, _ .

o
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lumber industrf.*sstimates of supply and demand elasticities

forg{gmber arJ used to estimate supply and demand schedules

¥

in both countrieg. These schedules are,

R

in ,turn, used to

% 4

carry oyt partial equilibrium ana
After protection measures by the | States,

they be implemented, the demand for lumber'ih the Unitea ’

'States'will fall due to a price rise in lumber. Lumber

imports from Caﬁada will decline. An advalorem tariff of 20%
will adverseiy affect United States consumers and Canadian

producefs most among restriction alternatives. The United

States governmént will realize lower revenue from an -
advalorem tariff on lumber imports than from a fixed tariff.
The impact on United States consumers andCanadian producers
of a 15% fixed tariff is nearly the‘same as.the impact of a

20% advalorem tariff. However, in the former case, the

.United States government will fealize more revenue.

In the event of a tariff, éhe lumber industry will‘need
to increase overseas export markets to prevent volume
decl%nes.‘Canadjan lumber producers will face stiff
compétition from bther suppliers in overseas markets. Under
no circumstances can the overseas markets absorb the
potential'fall in lumber exports to the United Sta;es. The

Canadian lumber industry is, therefore, tied_fo the'hnited

‘States market.

]
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R ¢ m'rnonuc'rmn R
o w' Free lumber trade between the Un1ted States and Canada
_has benef1tted Un1ted States consumers and Canadian |
fproducers. Higher lumber prlces in the Un1ted States have
ﬁfavoured lumber 1mports from Canada .which f111 the gap
between demand and supply of lumber 1n the'Uﬁlted States
';market. Import demand 1s determxned by domest1c demand

,‘A

cond1t1ons and 1s a 11ne§r or logllnear functlon of quantlty'

g

and pr1ce ‘of the 1mported good relative’

domest1c good. If considered an 1ntermed1at

good its demand can be der;ved u51ng production or utlllty
. ' .\’a, .
theory i.e., cost m1n1m1zat1on or ut111ty maximlsatlon.f;

Lumber is used as an intermediate product’ 1nfresldent1al
construction and.;n the 1ndustr;al sector. -
~Specification and grading of lumber in the pfoducing,
! milling and consuming sectors are s;mrlar for Canaddsémd the
United States. The lumber from both oountries are quite
similar in quality and there is no difference between‘
imported and domestically produced lumber to the consumer in
—tre—Ymrited States. This indifference is madebexplicit in
this study in determining_the demand for -Canadian lumberfinJ
the United States ;nd'in utilizing partial equilibriUm'
'analy51s to measure the 1mpact of protectron Demand and
supply elast1c1t1es of lumber in both markets and
.~ elasticities of substitution among different components in
tne reSidential construction indystry are'determined; The

structure of lumber trade and changes in distribution



- , 3—
channels between the two countr1es followed by an analys1s
of the impact of tarlff and quota in two markets are also

N

1ncluded.
A. Baekground

Canada and-the United States are currentlylfirstfand

i

fourth major exporters of softwood lumber respeotively in %
" the world. Canada is a'net exporter while the UnitedlStetes
;is a net importer of lumber} the latter consuming nearly one
third,of>world;s lumber imports. Increasing lumber
requirements'coogled with expected supply problems.in
traditionall§ competing supply areas of 5candinavia and
U.S.S.R indicate that North American producers can Be
ekpected to play an important role in the world's softwood
‘lumber supplj (Lindell l979)._The United States and Canada )

both export a small quantity of logs and lumber to offshore ///

ya
. /

source for such markets. Restrictions by the Canadian S

markets. The western part of North America is the major /
government on log exports has helped 1ncreese United States
offshore exports. The Unlted States has, however, also
recently restricted the export of logs from 1ts natlonal
forests. Softwooﬁ'lumher product1on and‘consumptlon in the
UnitedVStates has increased.trom.32.9'and‘41.7 billion

- Boardfeeti(fbﬁ) respectively in 1979 to 32.8 and 44.2’bem
‘respectively in 1984 (table I.1°4& Wwidman Management Ltd.
1986) .- Cinadian Sanmill operators have a production cost

advantage over their counterparts in the United Statés which

L]
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‘,haé résuitea‘in a Canadian iumSer conéﬁmpﬁioh Sﬁafékiﬁéféa;e'
in the United states from 24% in 1977 to 30{0% in 1981 (figq.
IQI).ILumbgf quality and favourable foreign exchénge rates
coupled with,lower p:pduction costs havé}provi?ed
impetitious to Canadian.operators fb increase United Stdtes
- market penetration. Lumber ﬁroducers in the United.Stateé
are pressing their'government t&vimpose tariffs or dddtas on
Canadian lumber ‘import, claiming that the Canadian fedefél \
and prpvincial govern@ents subsidize lumber ﬁfoducérs‘QHO‘in
turn are dumping lumber into the United States. Tariff
ﬁimpoéition;by the United States on lumber imports from ‘ '
Canad;vwiil benefit their lumber pfoduce;s but at a cost to
consumers. Lumber pfodgcers invCanada.will suffer and lhe
net effect will be a worsening of society's(ﬁelfa:e As ;hé. :
gainers (United‘States producers) wiii not compensate fﬁllyd'
the losers'(United Statesrconsumefs). Tragé affects eaéh
group in both countries. Producers' and'cénsumeré' welfare
are affected diiferently by the differeht'ttade restriction. =
possibilities. Imports‘iowér‘prices to:the detriment of
producers whereas éxports raise prices to‘the detriment of"
domeétic consumers. Government policies respoﬁd to the
veifare of both groups;,

The forest industry is an important part of the

Canadian economy in every region of the country and

e

represehts a much larger share of its national ecohomy than
does ‘the forest industry in the United States. There are

nearly. 300 communities in Canada that»depend exclusively oh 

-
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the forest industry. Direct employment—in the industry.
represent some 260,000 workers (1982) and 1ndxrect

' employment ;f about one miilion (Jenson 1983)- Canadxan
export of wood products relative to its total export is five
times that of khe United States. Softwood lumber accounts
for the major proportion of total forest production in
‘Canada. Residential construction accounts‘for the major
share of softwooé lumbe; consumption in both the United
States and Canada. Lumber consumption in Canada is highly
sensitive to changes in the level of economic activities
whereas housing starts is a major variable influencing the
demand for lumber in the United States (fig._I.2 & 1.3).
There is a strong correlaeion (coefficient of 0.93) between
~the gquantity of lumber demanded and housing starts (USITC
1985). Housing ‘starts. account for 23% of lumber consumption
in canada and 33% in the United States, (Roberts et al 1985).
In part, therefore, the éémand for lumber is a derived
demana fer housing starts. Housing starts in the United
States}aCCOUnted for 50% of total consumption in 1971 and
recently this figure has declined to 32% (fig I1.4).

Canada during‘1971 housing starts accounted for 31.4% of
total consumption but decliﬁed to 21,7% in 1982{(Widman' °
- Management-Lta; 1986)..Cana§jen consumption is much less
deﬁendent on the volatile home Bgilding industry than
consumption in the United States. Non residential and
industrial sectors are more stable and account for nearly

fa

50% of total consumption in Canada and 42% in the United-



States (Roberts et al 1985). Factors such as populatidn
size, mottgage'rates and disposable income affect the demand

for housing starts and thus lumber demand.

B. Foreat Industry in the United States and Canada

The export- market is very important.to the Canadian
lumber industry as it exports nearly 60% of total productjon
of which 70% is shipped to the Unxted States. The domestlc
Ca;ad1an market is part1cular1? %Qluable dur1ng times of
\recess1on (Roberts et al 198%5), In 1981, the Un1ted States
imported nearly 9 billion fbm of softwood lumber from Canada
which accounted for 30% of United States consumption and 54%
of Canadlan productlon (table 1.1). The United States
exported nearly .9 billion fbm of lumber to Canada Whlch
accounted for only 8% of total lumber consumption in Canada.

Forest management in Canada is baseéd on sustained yield
with a major objective of community stability as opposed to
boom and bust conditions. Sustained yield can preQent the
abandonment of sawmilling and promote long-run community
survival. Intertempofal rationipg (austained yield), which
would prevent depletion and thereby assure the continuance
of the forest industry‘community, has been a traditional
view of normal forests (Byron 1977).

| "Lumbervproduction in the United States has not kept

pace with growing lumber -demand. Lumber p ices_in the United
States are sensitivé to lumber demand andﬁs

upply; Lower

lumber prices in the Canadian market encourage export tg*-the



indirectly tied to lumber prices in the United \

(Jansen 1983),

construction act1v1t1es in the United S afés.'

Spruce-pine-fir (SPF) constitutes 70% of softwood
lumber exports from Canada. During 1960 to 1980 the
.production of SPF has increased at a faster rate than any
other species group. Douglas fir, southern pine aﬁd
ponderosa pine are leading spécies produced in the United
States. They occupied 67% of total output in United States
in 1978 (Buongiorno et al 1979). The maiq reason for the
increésed demand for SPF was the high guality and relative}y
~low prices. High prices in the United States encourage
‘imports from surplus areas,‘mainly from Canada. They provide
an incentive for expansion of.production capacity in Canada.
Rising prices in the United States provide incentive for the
| development of less acéessible forest areas in Canada, but
at tﬁe same time, provide inéeﬂtive for intensive mahagemeﬂt
of fofests‘in the United States. Increased demand for lumbe%
in thé United States is the reason for the drop in log and
'lumber exports from the United States. Logs are diverted to
domestic use.

The United States has a productive forest base and
efficient sawmills with advanced technology. Still, Canada

has maintained the position of a lower cost lumber producer
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in North Ameri§§>through lover stumpago prices und a ;
devalued Canadian dollaf (United States International Tridc‘
Comﬁ§ssi6n 1985, Percy 1986, Balter 1985). Signific;nt gains

or lo§ses in the share of Canadian lumber in the United

States lumber market in the short run is highly dependant on |
the direction and magnitude of changes in the value of the
Canadian dollar in relation to the United States dollar
(Balter 1985). British Columbia accounts for the“mijo; ;hare
of Canadian lumber production and export. Advanced
technology andjincreased productivity has resulted in
increased production in eastern Canadé in recent years,
howéQer. Transportation costs are an important part of
deli%eted,price_and determine economically accessible
markets. Trénsportation cost and excess supply in eastern
Canada have reduced the expoft from western Canada beyond
the nodffhr—central region of the)United—States in recent
years. The western and northern regions are the majér and
lowest lumber producing areasr}espgptively in the United
States. In recent years lumber production has iﬁcweased in
the southern part of the United States due to intensive
‘foresﬁ hanaéement—(Pe:cy 1986). The major consuming and
brodueing regions in North America are given in tables I1.2.
The dhited Sfates supply situation 'is complicated b;\{gs
variety of timber land ownership arrangements compared to\
Canada where 90% of l&nd ownership rests with the crown. In "

the United States, industries own a substantial portion of

comméfciél-timber land, whereas in Canada, the lumber
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1ndustry uses land on a lease ba51s g%pad1an stumpage
prlces are f1xed by government whereas in the Unlted States
they are determlned by auction.

e

i : g

€. Lumber Marketing in United States and Canada -

vhnited Statee and Canadian industries.follow the:same
_natteting pgttetn regardingvprodnct flow from ﬁmwﬂucera to
vqend usetsfthfough a series of,intethediaries The éxport of
iCanadian lumber to the United States is earriec dut through
1eithet wholesalers or brokerhagents. The agents do not take
title to goods but often assume}responaibﬁiities for payment
of the goods as well as completion of necessary documentem
kwholesalets purcha;e lumber either from brokers or directly
from the millé andvassume responsibilitées For ‘
idooumentation, cuetom clearance andﬂoaymentJ Miliebquote

lumber prices generally free onwboard (f.o.b) mill site.

Transportatlon costs account for nearly 38% of the dellveredv

!

prices’ 1n Chicago and 42% 1n Atlanta (Counc1l of Forest
price

Industries 1982). Trinsportation costs are one of the factor

fesponsible for tne increase in export of lumber from
_eastern Canada tokthe north-east and north-central United
AStatés.tThis factor_is alSo reSponsib{e.for changes'taking

- place.in regional suppl§ and demand patterns in the United .

States lumber market »1984 the north central region

: accounted for 26.4% of the. export from British Columb1a

;.agalnstv34% in 1972 (Councal of Foresr Industries 1985a).

'Price of 2X4 kiln dry spruce

14
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Except for British Columbia, the majority of lumber produced

in North America is consumed in the same or adjacent areas.

The lumber industry of ‘British Columbia is located near the
raw mater1al ‘and. supplies deficient markets in the United
States. Br1t1sh Columb1a accounts for the major share of
lumber export from Canada. In 1984, it accounteé for 42% of
lumber consumption «in the north central Un1ted States and
0.1§ in the western United States (tableaI.B). |

’Extensive road, raii and water transport networks
/ensure that any mill can service any dustomer. Trucking is
the major mode of lumber shlpment by the Unlted States
lumber industry, woereas, rail is the major mode used ,by -the
Canadiah lumber industry. In, 1981 71% of all lumber
exported from Canada to the Un1ted States went by rail, 16%
by water and .13% by road whereas ln 1984, it was 47% by
ra11 43% by road and 10% by water carries (Counc1l of
Forrst Industries 1985a) . The Jones Act prohibits the uSe of
non- Unlted States cargo carr1ers for intercoast sh1pments in
the QPlted States (Boyd 1983). Frelght charges by the United
States carriers are generally higher. Canadian shippers on
the other hand take advantage of lower freight water
carriers for shrpment to the Uoited.States coast. haterborne
‘shipment from the United States westcoast to the atlantic |
coast areynon/existant as the United-Statés cargo carcyersr
charge higher rates.

Asc¢indicated earlier, Canadian lumber has a quality -

‘advantage over United States lumber. SPF (spruce,.pine}and



Percentage Flow of Softwood Lumber from
Canada to United States, 1983

Unlted States Markets

.....—.—-..._————_-———_...-—————_--—-———--——-.~_.___,_-—_-——

‘Caﬁadign - West South South-  North North-
Produc1ng } east ~ Central eas;
British . v .

‘Columbia 96.0 -  ’8{.3 69.8 42.0 28.6
Quebec oo gl 7.5 3.6 44.3
Maritime‘ .‘ 0.1 - 1.0 0.1 ‘“, 5,3
Ontario A N 14.2 41.3 3.2
Prairies 2.1 8.3 \ 7.5 '.13fo 0.6
Source:,r Based on Information in Counc11 of Forest‘ .

Industr1es 1985b

s
fir) Which makes ﬁp the major portién of Canadiaﬁ”lumber
expért is pqpulér with home builders in thq,Unitéd'States
wbeéause of iﬁs strength to Qeight rétio,"handling ease:aﬁd
stab111ty (Counc1l of Forest In dustries 1982) The.
competitive p031t10n of Canadlan lumber is further enhanced
by low productlon costs and lower Canadian dollar to United
‘Sta;es-déllar: There is a éric;vthat will clear cprfent
output and su;plus,invehtories. That prige'must_bé equal to
_or less than the market clearing price. The market clearing
price is established by forcés-of.competition at a quantity,‘
thét will meet the demand of all buyers to'whom thé value of
the Qood;products_is equallto'or greater than the price. The
demand fof lﬁmber is complicated_by’the role of prices and

both price and guantity are interdependent on the suppl¥.

S~



side. In 1984, even though the demand for lumber was‘rising,./
prices still declined due to increased supply quahtities.
The extent of lumber substitutes depends on the trends in

relative‘prices of lumber and other materials. There are o
ety

" technological changes taking place and the demand elasticity
for lumber during the 1980's has declined (Manning 1975,

l
‘Pearce 1980).

D. Lumber Trade‘between the United States and Canada
The United States forest serVice has forecasted‘that

demand in the Un1ted“States is rlqlng faster than the supply
and the deficit is greatest in softwood lumber ¢ a@ 1981).
This def1c1t has resulted in an increasing share of the
United States market for Canadian 1umber. The recessxonary
situation in 198% sparked'United‘Statés industry concern. In‘
1982, tue United States softwood lumber producers_petitioned
the International Trade Commission (iTC) to levy :
counterveiling duty against softwood lumber imports from
Canada cléiming that the stumpage pricing policies of the.
Canadian federal and provinoialhgovernments subsidize“
vﬁCanadian lumber end thus undermine the competitive position
ofonited Stateq.suppiiers, The International,Trade
Administration (ITA)°in 1983 found that the total net ¢
subsidies for-each Canadian product was less than the
~required threshhold of 0.5 of the value of productlon ;ﬁan'

were considered not to constitute counterveiling subs1dy

under the law (Jenson 1983).



- Presently the United States-éanadian-lumbe: trédehie
unencumbered by'tarif} or quepa. The future of,lumber trade .
from Canada is under threat from the United States lumber
industry as it ie again pressing to redefine the alleged
subsidies by the Canadlan goVernmenfs. This restriction, if
implimen:ed, will affect the present competitive position of

Canadian producers. The‘Uni;ed States lumber produceés gill n
increasehproduction and will profit from an increased .
equ111br1um price in: the event of protection measures. Adams

'et al (1980) have estlmated that demand for Canadlan lumber
will increase to 13 7 Bfbm by the year 2000 but that a 15%

ad- valogem tariff will result in a decline to 8.1 Bfbm. This,
tfadelbarrier will'cause prices to rise by 9% in the United’

%States market and to fall by 4% in the Canadian market. Boyd

‘et al (1984) estlmated that the tar1f£ of $1/Mfbm will
result in a net. welfare cost of 8. 6 11, 0 million dollars
annually in the United States alone, depending on the supply
elasticlty; Even a 5-10% tariff will‘resﬁlt.in ﬁidespread

‘mill closures in Canada. It has been estlmated that a tariff
would ;esultein a 15i increase in the United States lumber
price résulting in a gaih of 4,669 jobs:in Oregon; Georgla,
Albama and Mississippi whereas 46 other states would. lose

| "jobs (Blackman 1986a). The National Association of Home

Builders in the hnited‘States has estimated that, if there

is no Canadian”retaliatloh; a tariff wildl add $2,500 to the

price of -a single family house (Blackman 1986a).



The export of Canadian lumber to off-shore markets
\ : '

(Japan' and the European Bconomic Community) has increased

s from 9% and 7% of total export (10.5 Bfbm) respectively in

| bﬁgn'to 10% and 12% of total export (15.75 Bfbm)

respectively in 1984 (Widman Management Ltd. 1986).

E. Purpose and objectives

; - . : & .
The purpose of this study i1s to present a systematic

RN
theoretical analysis of demand and supply associated with

lumber trade flows and to relate the findings.to the

* observed behaviour of lumber industries in the United States

and Canada. The main objectives of this study are: .

1.

. to ‘develop supply models for the United States and

to identify<the institutional structure in trade between
Canada and the Uﬁited States; |

to estimate the demand forfsoftwood lumber in the United
States and Canadian residentiai construction industries$;
to determine elasticities of substitution between
lumber, plywood and other components of residentigl'
construction; |

to estimate the déﬁand for Canadian iumbgr in the United

States residential construction industry;

‘Canadian lumber industries; and

to estimate the impact of tariff and quota impositions.

by the United States government on lumber imports from
v . ‘ o o~
Canada. | , b3
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‘Meeting these-objeotives involves ithe determination of .
derived demand and supply telations for lumber.which, in
turn, will assist in the determination'of the ease with
which various components of nosidential oonstruction and

L d

sawmilling activities can be substituted for one another.
‘Identifiéatioo of the institutional structure of trﬁoe will
.assist in filling the deficit of knowledge about prodgfer,
consumer and distributor behaviour. The understanding‘of the
institutional market structure discussed in this study will
asSigt in'determining technological advance, lumber pricing
and'future productionvof producers. The aﬁalySis of trade in
this study will provide background information useful in |
framing‘Canadian government policy should a tariff or quota
be imposed by‘thé United States government.
F.‘hethod of analysis

The procedure adopted to achieve the objectives
involves exam1nat1on of the developments in the product1on
and consumptlon of softwood lumber in the Unlted States
Relevant theoretical concepts are studied to determine
appropriate models that.fit into the concept of intermeﬁ,eiz
products. In derived demand theory, the demand for an
intermediate oood is derived from the demand for the final
product. The method of analysis adopted io this study is
gfbunded in heoclassical theory of productiod. Since the

difference between demand and supply quantities of lumber in

*
-

the United States is met from Canadian lumber imports, .

'
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demand and supply models.for lumber in #hekUnited States
market are required ko éstimate import demand. The
development of duality theory allows the specification of
production technology,githerwby a production or a cost
function. Flgxible forms permit tests of hypotheses tﬁat
relate té different aspects of the production process and
which are not possible with other functional forms.
Econometric techniques required to esiiﬁate and test the

functional form are also discussed. The model also helps in

determining own-price and substitution elasticities. The

‘supply of lumber is a function of stumpage price, sawmill

productivity, wage rates, fuel energy costs and lumber
brices. Loglinear and linear models are -developed to
estimate sﬁpply elasticities. Partial equilibrium énalysis”
involves the use of demand and supply elasticities to

estimate suppl§§and demand schedules for the two markets and

~then to develop excess supply and excess demand relations.

_ Firms may produce physically identical commodities but

compléte homogenity pricewiée is not likely to occur because
. £
of differences in location. This location difference is

reflected in a price difference between similar products.

Although there are transportation costs involved, only a
non-spatial partial equilibrium analysis undertaken. A
tariff or guota imbosition results in price increases in the
United States depending on excess demand- and supply
elasticities. Shifts in excess supply schedules affect

Ll ’ .
producers' and consumers' welfare. Determination of welfare

.
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effects can be useful in making policy recommendations.

G. Study outline

This study continues with chapter‘Z which identifies
and describes the institutional structure of trade between
the United States and Canada. This chapter also describes

the different segments of trade i.e.; production,

-consumption and distribution sectors. It includes a

discussion of recent trends in these sectors. Chapter 3
contains g review of relevant theoretical concepts and

provides analytical foundations for analysis. The

‘transcedental logrithmic cost. function and its utility

relative to other demand model .are discussed. A supply model
for the lumber industry in both countries is discussed and
cbmpared to other models. Pé}tialbequilib:ium analysis, both
spatial and nonspatial, in a two country case is discussed
along with repercussions from foreign exchange'rates. The
impact of a tariff and quota on trade,quflibrium is
discussed along with changes in coﬁsumers' and producers'
sufplus. éhapter 4 deals with the ecénometric issues
involved in estimating a translog function and testing for
homotheticity and technical change. Ecorometric issues |
involved in estimating supply models aloné with the
statistical tests for technical chaﬁge are discussed.
Chapter 4 also deals with data collection and the data set
employeé in this study. This chapter also concludes with an

outline .of the procedures for data transformation required

1

~~
. E
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for an;lysis; Chapter 5 contains“discuséion of the results

of empirical estimgiion of demand and supply pgrameters for
the period of 'study. This chapter also.contains the results
of partial equilibriupm analysis with and without ?afiff or

quoté imposition, Chagﬁer 6 contains a summary and'

conclusions along with policy implications.

Ed

.

o’
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II. Institutional Structure of Lumber Trade ' B

A. Introduction

Knowledge of different channels of lumber trade flow is
necessary before attemptiné to understand the dgmand for
Canadian lumber in thexUnEQed‘Stateé. Information abouf the
institutional structure éf luinber trade is important for the
determination of import demand f;r Cdﬁadian iumbor. Any
st;pgtural change in the Hiétribution pattgrniéill affect .
demand. Analysis of trade statistics providés;jhsight into

production sector factors that affect production decisions, ..

the particular need that products satisfy, the final

~
<
N e

destination of products, the chahnels through which they
flow from producers to end users, and tﬁe competitive edge ‘

of imported products over domestic products. The ) )
distribution sector provides iﬁformation about changes

]
taking place in product demand. Firms oriented towards

©

domestic consumption, rather than export, stﬁll need
‘information about potential competition fgbm imports and
about feasibility of expansion éna.plant locations.

The lumber industry's pgrforméﬁce, like,Ehét~for the:
'perfo;mancerf other§industries, is a function}of its market
positién, internél efficiencyaand external conditions.

Market structure is the knowledge of marketwshare{ » ——
concentfatidn éndtbarriers to new entrants. It is:hot'
static, buf underéées changes over time. Marketing is a

human activity directed at satisfying needs and wants

24
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through an exchange process. It guides the‘producers through
produetibn and distribution of goods to the satisfaction of
consumers and, if successful, does so at a reasonable
-~ profit. The exchange process is the performance of business
| activity directing the flow of goods and services from
prodqgers to consumers. Lumber is marketed in a same manner
in the United States and Canada. Consuming, producing and
-distributing sectors try to maximise prpfits in an
"undistorted competitive economy which results.in maximum net
social benefits. In a perfectly competitive market,‘the
number of'firms engaged in -the production ef a homogeneous
product is suffic;ently large that no individual firm can,
by its own action, alter the price of output. An industry
exporting a homogeneous product to the foreign market éannbt '
protect its share of the market through prieing policy, but
can match the sales volume ofvthe eompetitors by increasing,
or decreasing shxpMents. There are d1fferences in specie mix
between lumber produced in tHd United. States and lumber
imported from Canada. The qUality differs also. However, the
lumber from both countrles is used for the same purpose,
thus the two product groups can be cons1dered as one
analyt1ca1 varxable.
* The Unxted States and Canada have s1m1lar productxon
and consumptlcn,specxfmcat1ons*and there is no restriction
1on 1umber movements across the border. Therefore, the long-

border between the Unlted States and Canada prov1des a

easily accessible market for the lumber industries in both
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, 4
countries. The United States is a fourth largest lumber -

producer in the world but is also a large consumer thus
making it a net importer of lumber as indicated in the
previbus.chapter. Canada's lumber industry produces an
excess supply of softwood lumber and has a low cost
advantage over its ééuntefpart in the United States. It thus
fills tﬁ; gap between demaﬁd and supply in the Uﬁited States
market. Canada hgs accounted for the major shafe of
increases in consumption in recent years (fig. I.1 & table

[ . .
: I.1).:;ncreased demand and techonological changes have

reSulted‘?F increase pgoduction in both countries;(::ble

- 1.1). Demand increaspd, but in 1984 supply increases
affecﬁed the equilibrium price in 1984 resulting in a price
decline. An ahafysis of the structure of trade/provides
infofmation;about price, lumber demand and supply.

«Information on the institutional structure is given in this

chapter. The role played by theeproducers is to provide

pro distributors take it to end users for

conéuﬁption (fi 11.1). The indust;y fir;t satisfies ;he‘
domestic demand ahd thenﬁéiport demand.ygince lumber éan be.
shipped freély acyoss the border, the supply gives higher
profits than er trade restrictions. In the-compiex ﬁnited
States-Canada lumber market some‘4600 mills, 900 wholesale
firms, 6000 traders, 2000 retail outlets and a large number
| of industrial users are involved %E production, marketing

and distribution of 3000-4000 rail car loads of lumber every

- day (Council of Forest Industries 1982).

&
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B. Product1on Sector | '

Lumber production in Canada and the Unlted States has.
increased from 7.6 Bfbm ‘and 26.7 Bfbm respectively .in 1960
to 18.2 3£bm and 30.4 Bfbm respectlvely in 1980. The oil .
crisis in 1973 74 gave rise to an 1nflat10nary effect on .
lumber prlces and, at the same*time; depressed residential
constructlon ‘and 1ndustr1al lumber use. This inflation'as

y‘well as the recession also affected the COstzbf producﬁﬁon

and supply. N

Canada bas the largest forest,acreage in the world but

has a lower annual growth than‘that in the United States.

A

‘The forest base in Canada consists largely of mature stands

| and supports an’annual economically accessible allowable cut.
~%§of'softwood lumber.oﬁ 19»bem and a physically'allowableAcut
of 21 Bfbm (Reed 1978). The largest producing reéion in
Canada is interior;British,golumbia rollowed by coastal
British Columbia'and Queber. In recent years, the share of
easterniprovinCes in Canad:an lumber production has

‘increased from 30% in 1975 to 39% in 1983. Spruce, pine‘and-:

fir accounted for the ma]or increase in productxon of lumber ”

in Canaﬂa and also the major increase "in total lupber export

(Counc1l of Forest Industries 1982). Lumber production in

British Columbia depends on high quality mature stands which .

,  when depleted, will result in lower quality Second.growth
timber. The Canadian'lumber‘industry tends to be a marginal
suppller in producing reglons of the Unlted States. _The

Western regxon of the Unlted States accounts for over 60% of -

4
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“lumber production in the United States. Since 1977, total

lumﬁer productfon in the southern United States has’ 7
1ncreased In 1981, the overall United States production-'

level was very low in whlch the western region accounted for

s

-60%,and the_southern region accounted for - 28% of total

lumber production;

The structure ognan industry is described by the number
and size'of firms, competitiVeness, product differentiation,
barriers to'entry and growth rates.in market demand.
Canadian and Unlted ‘States lumber 1ndustr1es are 51m11ar in

structure but the Canadian industry is sllghtly more

concentrated and has a Jlarger percentage of larger-mills

ok : . ‘
~ than the United States 1ndustry Nevertheless, the lumber

- industry in Canada is perfectly compet1t1ve and can be

classified as unconcentratedI(Naut1yal et al 1985a).
Production in the Canadian lumber'industry has increased'in
recent years due to 1mproved technology (table I.1) with the

major share of the increase com1ng f&om eastern Canada. In

ﬂ Canada the Crown” 'holds SG!bbf forest lands. The lumber

o .

*1ndustry acqu1res forest stands from prov1nc1al governments

on lease and are respon51ble for regeneratlon and other
silvicultural act;vltl%s in ‘some provinces. In the United
States‘foreét’industries held 70 million acres of'commercialc

land-and accounted for 4@2@B-cUbic feet of that nation's

'timber harvest in 1976.

The lumber price in any.region is'déyendent'on its
demand and supply in:§he_market. The difference between the

- . ) o . . *
R
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' N N - ' N
price received and cost of production influences. producers’

decisions and their supply curves. Declining prices‘cbuld
prevent prqducers,irom operating profitably within an
existing cost structure. Higher prices and demand coupled

with more profit due to lower costs of production are

-

responsible for the increase in export from Canada to the
United States. In the future, if prices decline and»the\
Canadian‘industry moveé-to second growth stands, the éost
structure will constrain the availability of lumber. The’
,ptoduétion.process in forestfy, as a whole, comprises timbef
'g:owingf Logging operagioﬁs and industrial woodiprodgction.
‘Thg éost of production depends on'input or quality,
ratio of factors and factofhb;iﬁés: Firms wgth tecﬁnical
equipment suited to prOdOCtioﬁ%JEUitablé raw materials aﬁd

. e

efficient léﬁbr productivity have favourable cost
structures. Changés in quality of raw m;terial and factor
- prices will diteétly affect cost levels. Factér demands in
the Canadian 1umber:industr§ are inférrelated i.e., :
diseqpilibrium in input demand creatés qombenéating'
.aqjus;mént in the demand for other inputs (Singh e;"al'
1986b) . Shiﬁﬁs from méture.to second growth stands will
increase the.cost of production,énd will reduce competftive
aavantége.FCost of ptoducfion has.two'compggehts{ fixed and
variable costs. The éhort%rUn cost is Characféfised by the
' presence 6f fixed factors while .in the long run all factors

- vary. Fixed costs are the amoﬁnts spent on errection of the

pgynts and variable costs are composed of wood and nonwood



, costs even when'not in production. Therefore, it will
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———

items. Fixed costs are the same in both countries, but woodk

costs are lower in Canada. The industry has to incur fixed

cont1nue product1on until 1ts revenue can cover all varlable

, costs and at least part of the fixed costs. The supply curve

of an 1ndustry is an aggregate of 1nd1v1dual f1rms marginal

' ‘cost curves. In the long run the firms are able to adjust

their scale of operatlon. The United States lumber 1ndustry

has a hlgher total cost .because of higher wood‘costs and

_higher residual values (United States International Trade

»'CommiSSion 1985).

[N
& T e

Wood Costs
Wood costs are a major proportlon of the cost of
productron, 60% 1n_Canada and 75% in the Un1ted States

(Balter 1985). Delivered log.pr{ces or yood-costs are a

~ =

combination of stumpage, harvesting, hauling,_road building

and other related expenditures. Wood costs have increased at

a faster rate in the United States than in- Canada due to

——

increases in stumpage. Between 1877 and 1984 wood costs rose

from $119 to $156 (U.S) in the United States and $104 to

$128 (U.S) in Canada (Balter 1985). Stumpage price is the
selling price mihus harvesting,cost, otherjrelated |
expenditures and allowance.forbprofit and risk,‘InkCanada
stumpage prices are determined institutionally and

industries get stands on lease. The licensees are

responsible for road construction, environment protection



e

andibther technical activities and geﬁ full allowance in
stumpage appraisal in British Columbia‘and 50% in”Quebec‘
(Industrial quest Service LTD. 1982). In British Columbia,
' twpbec”and Ontario theré is a proviSion‘for stumpaée
| readjustment based on market'conditions.lln Alberta, Ontario
and Quebec, a base rate and base indices? are established
'for stumpage pricing. The industries in the.Unlted States
_ge;.stand1ng timber "land byvsuccessfully ‘bidding in open
| auction. In British Columbia and éuebeé.stumpagé cost is
linked to the current market values of end praducts. Current
market values are based on three-months selling prlces.
% - In the United States, standing timber is auct1oned to‘
hlghest b1dder (United States International Trade Commission
1985, Industr1a1 Forest Service LTD. 1982). The appraised
price in the United States is fixed by the terms of sales,
usually- 3 Years. This technique ;eads'to specuiat?sp'in
rising market and distress in.a depressed market., The
siumpagelprice is highest in the coastal region and lowest
in the §§pgpern pine‘producing regions of the United»States.
Between 1980 andb1984'the stumpage in the coastal region ofv
the United States has declined from $121/Mfbm to $63/Mfbm

(u.Ss.) (Baltqr 1985).

—— i ——— — —— o - ———]

* Further information on the stumpage price rates is given
~ in Industrial Forest Service LTD. (1982).



Non-wood Costs

Non-wood costs include costs for labar fuel energy and

other 1tems such as packag1ng etc. Wages account for nearly
!

© 30% and 27% of the total variable cost in the United States

and Canada respectively and 3% and 5% for energy (United
States Internat1onal Trade Commission 1985). Since 1978 the

output/hour 1n the forest industries has 1ncreased The
1hcrease in the Canad1an industry ;s higher. than the
increase in United States forest ihdustries (Blackman.
1986a). Non-wood costs in.the_Uhitéd States‘rcse"from
$39/Mfbm (U.S.) in 1980 to $43/Mfbm (U.S.) in 1984, whereas
during same period, it rose from $29 to .§ 36/Mfbm (U.S.) in
Canada (Un;ted States International Trade Commission 1985).
The efficiency of workers in both the United .States and
Canada has increased. The United Stetes industry workea 300

hours more per year than its Canadian counterpart, yet the

product1on in Canada was 100 bft. per hour higher, partly

due to a larger proportlon of small sawmills in the United

States.

C. Distribution Sector

_Thendistribﬁtion sector is an important component‘of
the instituticnal structure and influences the demand and
supply of lugber. This sector provides,informationvto
industry atht'consumers' needs and to producers'who then

set output targets. The time involved in communicating

"information to the production sector indicates the
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efficiency of the distribution sector. The distribution
sectonéis dynamic and reacts to changés in the market. The
distribution sectdr is perfectly competitive as there are a ,
large numbér of distributors and cqnsuﬁers. Price is set by
the.mafket and is readily knoﬁﬂ to conéumers and
distributoré\ |

. The tran%fer of lumber from producers to end users
works through\ﬁholeéalers dgibrbkers and commission agents
and retailers (fig. 11.2). Wholesalefs};éceive lumber ffdm;
mills and distribute it to retailers..Each coﬁstituent pléys
a role in the efficient flow of lumber to consumers. Each
éonsfituent'of the distributional channel tries to maximise
profits. ﬁholeséling firms may take pbssession of the goods .
“trom the producers or sell directly to retailers (fig.
'11.3). They maintain daily teléphone cbntact with~mills aﬁd
retailers 6r othér iumber purchasers. These tradgrs keep up
~to date records of the stock aQailable with the mills and
stock price along with prices which ;e;éilers are willing to

pay. Wholesalers have their offices located in central

o -

places. Merchant wholesalers,aré independant firms that

purchaée lumber from ﬁills and take possesSion oftitle to
the goods, but may, or may not, carrylstocks. The ‘brokers
‘may not tgke possession-gf title,to the gobds,xbui may work
- on a cerfain commission of the amount of séle. Independent
vholesalers apd fetailers are strong dig%ributors, but
captive Asawmill's own) operators play a significant role at
the wholes;le level. Their role is grow;ng at :he(retail‘ A»;h

&



rigure 11.2: Distribution Channels for Lumber i‘ude‘ '

NILLS LEVEL

WHOLESALERS LEIVEL

. JAETAILERS

SOURCE: BASED ON RICH (1970)

-



: ‘ o
rigure 11.3: Structure Changes in Distribution
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rigure 11.3: (Continued)......

(c)
INDEPENDANT MILLS COMBANY MILLS
' .A
I
| !
CAPTIVE \NT WHOLESALERS
INDUSTRIAL CONSUMERS CAPTI INDUSTRIAL CONSUMERS
| -
INDEPENDANT RETAILERS
{
\
SOURCE: BARNES ET AL (1985) = °
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Vertical integeration, a management tool which leads to
-strategic financﬁal benefits, often achieves large technical ' .
economies and or pecuniary rewards from squeezing non
integrated competitors. Vertical intégraticn, forﬁards or
backwards, is pfacti%%d to increase profits and sales.
Lately, forward integration towards end users is gaining
importance. It has resulted in certain mills taking up the
roles of wholesalers bf?bpening sales gnd distribution
centres 1oca£ed in different central placés ;n the United
States markets (fig. I1I.3).

Thg mills sell lumber on a car load basis with the
price of each railcar negotiated. Mills -sometimes circulate
their prices to wholesalers and wholesalers to retailers.
The retailers are\;esponsible for delivering the goods to
the consumers. They haintain inventories and sell at near
wholesale price to large volume builders and contractors.
Whoiesalers bargaihAwith producers for the price of the
product while, at the same time, fhey negotiate with
_retailers for a competitive price. They also provide
necessary information about the needs and wants of consumers
to the_producers. Brokers and agents find markets for
Canadian products landed in the United States. Softwood
lumber usﬁally"enas up in the north central region where
agents locate markets in other regions; mainly the south '
eastern region: Wholesalers sometimes maintain a hugh

)

stockyard to acquire more bargaining power with producers.



Trends in()Structural Change in Distribution

The distribution sector is dynamic and is adjusting to -’
changes in demand and product price. Trends affecting/;hé*l
distribution of lumber are: | v/,/~”’///
1. Increased jimportance of reposit{ggipg/of inventory

carrying function; o

2. Growth of home.ceng;és and mass merchandisers;
3. Rising timber cogts; | |
‘. lIncreased tt;nsportétion costs; and
5. Vertxcal rﬁtegrat:on. .

qun1fzcant changes in the dastrzbutlon sector are
charaqter1zed by channel bypa551ng ahd vertlcal 1ntegrat10n.
Thxs leads to speedy flow of goodsat less cost. Independant
whoiesalers aré the dominant factor, but in recent years in

YWnited States market, their share has declined. The share of

independant wholesalers'declined from 71% in 1963 to 65% in

) f total sales (Rich 1981). In United States, during
same period' manufacturers' branches of captive distribuﬁidﬂﬁk
have risen from 29% to 35% (R1ch 121&& Rich (1984) reported
that 15 of the top lumber producers in the United States had
captive d1str1butxon centre in the United States. Mills can
“sell their product through céptive (mill's own)“or
independant wholesalers. Thg captive wholeéaiers‘can acquire .
product from any mill selling at prices lower thag\that at
their own mill (fig. }1.3 b). Barnes et al-(1985)-observéd
that changes are taking place in»distribution/channels. They

‘observed that some mills had dpened their own retail
v ‘ 4 .

-
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outlets. Captive wholesalers could sell to their own captive

retail outlets or independant retailers. | )
High-cost working capital has pushed retailers to take

up wholeSalers' roles. Retailers now prefer to buy in small

quantities with less of a time gap between transactions.

More and more sawmzlls have opened d1str1butxon centres or

formed associations by ling the1r resources to reduce

overhead costs, Infla nd high costs of working capital <
héQe broadened the 1{ sales by those who have acquired
full fledged distribution yards.,Retaxlers now prefer to buy
from stocking yard and at closure of time of sale. ’
Wholesalers without stock and distribution yards have
decréased. Smaller mills have decreased asythey cannot, make
use of deregulated rail rates. Large wholesalers continue to
pfofit but smaller wholesalers have become selective. The

- small office wholesalers have formed an alliance and fecus i
efforts on a éefined market. They maintain limited

management and pursue'pavticular»market opportunitiesLthat
develop e.g., toy end ofher industries, but shift to other

markets when faced with competition from big wholesalers

(Rich 1981).

Pricing )
Firms teduce price Jeriability to consumers by setting

prices in terms of the currency of the importing country.

The industry can absorb the price effects of day to daj

- fluctuations in the exchange rate and can thus adjust the
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f1na1 selling price when such movements reveal "a def1n1tet

and permanent trend Consumers dec1de which producers to
— T

i

approach on the bas1s of del1vered pr1ce 1rrespect1ve of

¢

origin of the suppller. Prlce 1s determ1ned 1n the market

'place by meeting the pressure of supply and'demand At

"equlllbrlum pr1ces, quant1t1es supplled are eqgual to the

quantities demanded. ThlS pr1ce results from .negotiations

among many sellers and buyers 1n a competltlve market.

Lumber mills set up: their pr1ces based on either a. target or

v

-“upenetratlon pr1c1ng strategy The prlces reflect the costs

Se
of productlon_andvprof1t.marglns.,Proflt_marglns are guided

1by‘thelprices reported’in marke% letters' suchjas‘Crow's,

Madison‘s and’Random”Length’. Market prices7affect sellers
prlces and in turn 1nventory build up.. ‘The mills quote
e1ther t . 0, b mllls or destination pr1ces.‘Buyers prefer
prlces f. o. b dest1natxon as 1t allows for ‘quick comparlsons.
: Quoted prlces are not fixed bqt change ‘frequently w1th B

market>cond1t10n.-Salespersons‘ma1nta1n teld@hone contact

-Wlth retaxlers. Almost all transactlons are negotlateﬁ'by

| phone. Quoted prlces are affected by the mills' orderflleS‘

and st OCkllStS. The mllls may cut their prlces to stlmulate

orders but ra1se the1r pr1ces if the orderggfléﬂﬁre gettlng

‘larger. If one m111 lowers. 1ts prlce durlng a market

wtakness,.other m1lls follow~su1t, thus leading to"a“further

3

loweripngf prices -and profit marginsr°Miils‘oftenrmail-'

) ___.z.....'.. ______ '._..'..__

iCrovw's publ1cat10n inc., Portl nd Oregon- Random length

-.publication, Eugene, Oregon; Ma 1soh 8 Canadlan Lumber
.reporter, Vancouver, B C.

-
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thelr pr1ce l1sts featur1ng prlces on stock at the m1ll

'51tes or in rail ‘transit in whloH’rall road car act as

warehouses whlle lumber .awaits sale to wholesalers (R1ch

1970) . Wholesalers’ also mail out their own price lists to -

retailers. Geographicaltsupply patterns influence price %nd‘

mills sometimes lower their prices and sacrifice profits in

order to penetrate the United‘States market and increase
- ‘ ol ~
sale volumes. Consumers assess del1vered prices and select

the suppllers. Becausegof the auctlon~11ke nature of the

market 1t generally follows that the del1vered price for a

glven product in a g1ven locatlon, whether in the United

“vStates or Canada, w1ll ‘be approxlmately the same regardless

it ce the of supply (Counc1l of Forest Industr1es 1982).

.“‘

Tran portatlon Costs

o c
Transportatlon COSts are very critical and determlne

v:econom1ca11y acce551b1e‘harkets. Transportatlon costs play

We
‘_\;‘

an 1mportant role in the locatlon of an industry, resource

“

P\development and product d15tr1but10n. They determlne the

_pattern of trade.vMajor trade patterns of lumber exports
from Canada to the Unlted States in 1983 are shown in table
TR

| Firms elther concentrate near the markets or 1nput :
51tes The lumber ‘industries in Brltlsh Columbla and éhe

IS

while the industry in eastern Canada is near major United

States markets as well as input sites. Transportation costs

western United States are concentrated mear the 1nput s1tes;

A3



43
o

’

of lumber from m1lls to markets are an 1mportant port1on of
de11vered lumber prlces. They account for 38% and 42% of the .
del1vered prices of lumber from British Columbia to Chicago
and Dallas respectively (Council of Forest Industries 1982).

Lumber from Br1t1sh Columbxa was competitive w1th lumber
W

e from the southern United States (Fort WOrth Texas) in 1980

but, when transporﬁatlon costs increased in 1984, even with

14

its‘loner production cost, British}Columbia lumber was
sl1ght1y costlier (Balter 1985). The share of eastern
- Canadian lumber mills in the northern Un1ted States markets

has increased due to<their proximity to the United States
. O < . . 5 v .

markets~Nerworks of roads, rail and water carriers permit
efficient shipment from mill sites to market.

Each mode of'transportation has diffesent‘fixed and
variable costs. Rail accounts for/the major share»of lumber

.sh1pments from Canﬁda to the Unlted States Dur1ng 1977 1984

the share of transportat1on of lumber from Canada to the

’

United States by road has 1nﬁreased (table IT. 1). Truck1ng
has the lowest flxed c@stQWbut highest var1ab1e costs

wherehs aier carrlers have. the hlgheSt fixed costs and
¢ ‘a .
lowest var1ab1e coéts. For shorter distances trucklng is the

W
cheapest mode of transportatlon. Ra11 1s dheaper 1f the

‘distance 1s more than 300 miles. Lumber .is transported in
' 'rall cars to centrally locatedtransfegﬁaards.for further
~distribution by,truek..rn eertain cases lumber is '
transported to.a changeover point by rail and then

eloading are important’

transported by truck. Loading and
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‘Table II.1: Modes of Transport'by Percentéée of Softwood

‘ Lumber Exports from Canada to U.S. Between
. 1977 and 1984 ’

Modes

Road  18.8 22:6 25.1 .30.0 41.3 43.1 38.6 43.1
Rail  67.8 65.1 ~63.6 61.3 49.9 47.6 52.0 46.8
‘Water 13,5 12.3 11.3 8.6 8.8 8.2 9.5 10.1
Source: _ Council of Forest;IndusrriEs,'1985a.

-

factors in deciding modes of trangportation. Mills use
piggybacks to avoid reloading costs. Lﬁmber is loaded into

trallers and trucked to ra1lheads for further plggyback

'movement F1rm5\always try to minimise transportat1on costs

P

by using a combination of different modes. The lumber

- industry in British Columbia, for example transports lumber

first by rail to a reloading point in Ontario and then py
» - . .

truck to different markets.

" Trucking

Trucking is the quickest and cheapest mode of transport

up to certain distances. Its rate;structure varies with

dlstance with dlfferent rates for forward and backhaul
Trﬁcks otherw1se returning empty to thelr home charge

cheaper_rates and mllls sometlmes try to. make use of. thls

)

“}ty Tho Pac1f1c northwest industry in the Un1ted

§%§¢es makgs USe of this opportun1ty to compete in the




northern Un1ted States markets.
ﬁgﬂ‘ Lumber from eastern Canada“is exported ma1n1y by road.k
~ Since the Pacific north-western lumber 1ndustry is near the
western United States market, lumber is transported by road
Br1t1sh Columbia lumber is therefore at a d1sadvantage in
western United States markets. ' ' ' R

In Canada'intra.and‘inter.prOQincial trucking, is the
responsibilty of individdal provinces;’In tne United’States,
.the Inter- state Commercg Commmss1on regulates 1nterstate
trucking wh1le 1nd1vtdua1 states negotiate rates for
| 1n state transport.:&e?ther the Un1ted States nor Canadlan \

lumber industries has an advantage in trucking except the \

advantage of prox1m1ty to market. Eﬁ o o

Rail

,Rail transportation.accounts for'the major share of
export shipments from‘éanada.'Canadian railways have lower
freight«rates than their coonterparts;in the United States
and m1lls can enter 1nto contracts Wlth ‘the rail companles
provided they commit to a certaln trafflc percentagé The
Stagger Rail Act (1980) in the United States has given more
freedom to the UnitediStates*lhmber indnstry such as single
line movementS'and thus lower rates. The actrhas resulted in
"increased competition among the carriers, hidden and -
frequently changing rates and - quicker responses to

competitors' activities.
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ﬁéanadianwoomesticsrail rates were deregulated with the
passage of the Nat1onal Transportat1on Act (1967). Unlike :
Unlted States law, Canadian law requires rates to be
publ1shed and prOhlbltS rebates. The United States lumber
1ndustry can get: rebates from rail compan1es in the United
States. This has affected the competltlve p051t10n of
Canadian suppllers.

Since: rallorates are lower in Canada, the western
Canadian lumber industry transports lumber using Canadian
rail to certain points in eastern Canada and then by truck
to the Unlted States markets; Rail-truck combinations have
given an advantage to British Columbia producers over N
western Unlted States producersin northern.United States

markets.

Water carriers

Waterborne shipments are important for United States
destinations at long distances for both British Columbxa and
the“western United States lumber industries. Waterborne

shipments from the west coast of the United States has

-

declined from 849 M fbm in 1960 to 4 M fbm in 1979 (United

States International Trade Commission 1985). This decline is

partly due to the Merchant Marines Act (Jone's Act) which

requires the use of United States carriers only or United -

States-owned water carriers for inter coastal shipment in
the United States.'Generally the freight rates by these

carriers are higher resulting in an addition of $15-18 per
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Mf bm torthe cost of shipping (Austin étMal 1975).

' Canadian shippers are fiexibile and industry therefore

pays'competitive world rates. The shipping charges account .

for 29% of the delivered price in Baltimore for shipments .‘
"~ from Qrégon:'The proportion by rail is 38% (United States

International Trade Commission 1985). The British Columbia '5

lumber industry could penetraté the markets of California

-and the Atlantic cogst}begause of lower ratesf‘tecentiy, v
vaterborne shipments of American lumber;standéfds Hemlock
dimension hqvé declined from 1.8 B fbm in 1972 to 0.8 B fbm
in 1980 (Council of Forest Indusfry 1982)., Canadian mills
using lower freight rate vessels can penetrate the southern
Uniied States market. Waterborne shipments of lumber from
the United States west coast are non existent, except in
rare cases when lumber is first shipped into Canada and then
to the east coast. | | n
D.‘Conéuming Sector ’

The United States is thke major consuming sector for
Canadian lumber accounting icr nearly 60% of total Canadian
pfodpction. The domgstic S;nadian market is the second | |
largest'consuming sggbqffavaiﬁpble to Canadian lumber.
Residential construction accounted for 58% of lumber
consumption in the United States and 48% in Canada in 1983.

The rgst was accounted for by the industrial sectors

(Roberts et al 1985). -

Fd

X o o R , ';’*;
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A larger share of consuhption by the industrial sector
implies that Canadian éonsumption of lumber is sensitive to
thelchanges‘in the generai level of the Canadian economy
(Roberts eé al 1985). The gap'between domestic demand and
'supply in the United States jis met Ey imports from Canada.
The markets in the United States are divided into the
northeast, north central, south., southeast and western
(table II.2). Table I.2 shows that all of the regions in the

United States, except the western region, imported lumber

. from Canada. The northern region is the most lumber

" deficient region of the United States and acéounts for the
major share of Canadxdh exports. The market demand for
lumber depends on Ehe “amount: of act1v1t1es in the

manufacturlng and’consumzng industries. Studies have
indicated a downward t}?nd in per capita lumber consumption
" in the United States (Phelps et al 1984).

The use of.a product changes over time due to new
product development or substitution. In the long run,
‘changés in use influence demand as much as economic
a;tivities (Roberts et al 1985). Thevpercehtage of lumber
'd?nsumption in United States residential gstructgbn has
declined from 55% in 1972 to 33% in 1982 (fig. I.4). Housing
sector consumption is affected by ﬁbﬁtgage rates in the
short run ana by factors.like demographiés, chaﬁging
homestyle,'pér-capita disposal income and relative lumber
ahd substitute prices in the long run. Studies have

indicated a correlation value of 0.93 for residential
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, y
construction and lumber consumptién-in the United Stated/f““”
(United States International Ttade Commission 1985).

The demand for imported lumber varies with the prices
for domestic lumbet. The magnitude of cross price
elasticities of demand for imported lumber with respect to
competing products depends on the strength of substitution.
The home building industry is influenced by economic
conditions. The activity of home building suffered in the
early 1980's largely because of increased prices of factors
such as labor, mortgage rates, lumber and otﬁe: building
matetials. This fall in the home building industry affected
the demand for lumber. Input prices afféct the cost of
houses whereas the changes in preference and structure of
the populatiom affect input requirements. Panelwood products
have affected the percentage of use of lumber in
construction. The overall use of lumber has fallen from "11.5
bft./sq.ft. in 1950 to 7 bft./sq.ft. in 1976 (Phelps et al
1984) . | )

‘In recent years’the demand in each region of the United
States has experienced chaﬁges due to changes in productioh
and distribution. In 1984 imports from Canada were maximum
for the north central regién and imports from the British
Columbia lumber industry were maximum for the southeast,
southwest; west and north central regions and imports from
Quebec were maximum for the northeast regions of the United
States (table I.2 & Council of Forest Industrles 19853) The

British columb1é lumber . industry exported 56% of its lumber
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to the northeastern and north central regions of the Uniﬁa?

y

States‘in 1972 but only 40% in 1981 due to increased

production in eastern Canada (Council of Forest Industries

1982).

Northeastern Region

' This region is the most deficient in lumber prqductibnl
and pepends on other lumber producing reéions to meet its
lumber demand. Historically, this regién was 8 1a;ge»market
for the British Columbia. In 1984 ifiiﬁported 5.2 B fbm or

o -

20.4% of total Canadian lumber exports. The share of eastern

-

Canadian lumber has increased from 32% in 1976 to 55% in
'1980 (Council of:-Forest Ipdustries 196%). This increase iﬁ
Shaﬁe of exﬁort from.eaétern Canada is mainly due to market
'péoximity..This region received 24.8% of its imp?rt by rail
in 1984 ‘to 50% in 1972. The lumber from British Columbia is
transported by rail to a point in eastern Canada and then
trucked éo its final destination. It caters ta the markets
.in Maine, Michigan, New York etc. (table II.2).
North Central | s o
This region consumes its entire production which is‘
only 9% of its toﬁél consumption. It receives nearly 40% of .
" this lumber consumption from Canada. Lumber is sometime
imported to this region aAA'then moved to other destinations

in the United States. The rééécn's location allows it to .

receive lumber from all of the -regions of Canada. It
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‘Southwest

~consumpt1on from Canada. In 1984, southern

‘wk‘ 'Y 83 ¢

received 42% of its imports from ﬁritish Columbia and 41%
from Ontario in 1984 (Council 35 ForeSg Industries 1985b).
The lumber from eastern éanada is'transported'by truck
and the lumber from British Columbia is transported fiﬁst by
rail and then by truck. It caters to the markets in ChiEago,'
Kansas, Nebraska etc‘Ttable L1.2). The mobile home buildind

“

industry is qu1te large and accounts for 20%of total Un1ted
&

States mobile home product1on which prefers SPF.

Southeast

This region meets the,demand for the m%rkefsﬂofi
-1‘\‘; s

Florida, Columbia, South Carbiina Tennessee etc:‘Igéﬂy

Industries 1982). Southern yellow pine pfodv'

Th1s region, 1ncludes the markets of D§

Oklahama city an,d received only 11% of 1t?

nortbwestern reg1ons accounted for the ma

Y : RS ,
consGNEtion.ti;i:eceivegfnearly 82% of t

-%?33,?&;@%‘
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import from'British‘¢olumbia in 1984 and 84X vas 5hippod by
rail. Ih 1983, iﬁ received 65% of total consumption from
southern yellow pine regions of thg United States., SPF from
Canada is used in mobile home construction and has a premium

price.’

West

. Q.\' ’ . 3

- This region is the major lumber producing region of the
United States and supplies other regions of the United
Sl - .

States. It meets nearly 89% of its consumption internally.
It receives Canadian SPF only for trans-shipment QQ other
areas. It caters to the ma;kets‘of Caleornga, Utah Idaho,
Wyoming etc. It faces stiff coqpé£1t1on from the low-cost

s, —producing industry of British Columbia. In 1984 it received

F=d.% only 11% of Canadian export and 96% of it was from British

Columbia.

Al



:lll. Theoretical and%bnalytical Specification of Models

. e
2 W

A, Introdﬁttion .
0 L *

o Accurate knowledge.of the factors influencing the
demand for and supply of softwood lumber in Canada and the
United States is essentlal for analy51ng the 1mpact of
Unlted States trade leglslatlon on Canadian” softwood lumber

1mports. Est1mates of demand and supply elasticities in both‘

N
countrles are partxcularly very 1mportant. Unfortunately,

-

4 earller studles prov1de “a broad range of d1fferent values :

for ‘these elasthltles (table II1.1). This varlatlon 1s in

4
) .

these elast1c1ty estimates arises in these studles pr1mar1Ly‘
f]
from dlfferent sample perlods, dlfferent model spec1f1cat10n

,;and finally d1fferences in est1mat1on procedures‘and data

used.

} Some authors, McK:llop (1967) MCKlllop et al 61980)
Adams & Blackwell (1973L ROblﬂSOﬂ (1974) Mills etfal

(1974) ‘have utllts’duconsumer demand theory ‘and have

)

v

ut1llsed_relat10nsh1ps in their model without con51der1ng

the fact that %orest products are generally 1ntermed1ate in

productlon technology. Buong1orno ?t al (1979)‘ for example,'v
| estlmated the demand for imported. lumber as a. functlon of

rat1o of prices ofmlmported and’ domestlc lumber and output

(hog51ng starts) Thls approach is s1m1lar to the usual ¢,

expresszon of quant1ty demanded. as a’ “function of the price

of the good,,the prlce of other consumable products and

l‘

_ level of xncome used in consumer theory
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Recent studies in this area have found the 'final

"demand' approach unsuitable on‘theoretical grounds and tHisi.

in turn highlights econometrlc_problems‘with the earlierl
:spec1f1cat1ons. Modelllng the demand for forest products as
a flnal demand does not 1ncorporate techonologlcal
“1nst1tutlonal and other econom1C-constra1nts that have a
major 1mpact on demand (Eleazor 1986) Copsumer demand | A\
theory does not generate enough structure for statistical
tests regard1ng 1mportant aspects of the demand for:forest
products. Furthermore, demand cannot'be’considered‘in_.
isolation. meand'is affected by the price of the product‘
andbprice, in turn, is affected by supply \In order to
% determxne the demand for Canadlan lumber in the United
States it is’ necessary to know the supply of lumber in both.
countrles. . R j .@%Q e

SPF (spruce, pine and f1r) accounts for the most of the

‘ N‘Volume of lumber exported from Canada. Douglas f1r and

, southern pine are ‘the spec1es that account for major share
of lumber produced and consumed in Un1ted States. Although
'.there ‘are sllght d1fferences in quallty, the common approach
is to est1mate a%gregate demand curve for lumber and not
f treat as a sepeﬂate for 1mported and domestlc Lumbér.
.‘Canadlan lumberjfllls the gap between demand and supply in
the Un1ted Sxat . Hence, demand for Canadlan lumber is an
excess demand.,The derlvatlon of thlS ekcess demadd requ1res
'.detaxled knowledge of supply and demand in both countries.

|
Both supply. and demand in a marwﬁt.help 1n~determ1n1ng

)

j &
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technology that need to be con51dered in the estlmatlon of a%

rdellvered prlce. However, due to dlfflcultles 1nvolved in -

v ' o 58
»

excess demand or excess supply 'Detailed knowledge.of.thé
structure of demand and supply in each market permits- | “.;
analysis of 1mpact of a quota or tar1ff on the flow of trade
and on the welfare of 1nd1v1duals 1nvolved

The development of duallty theory and the basic nature
of forest products as intermediate goods has encouraged y
researchers like Rockel and others (1982) to utlllse derived
demandftheorYfin the study’ for demand ofeforeStvproducts.'

This approach‘has not only redbgnized the basic nature of

- forest products as 1ntermed1ate goods, bht has also helped

~in determ1n1ng elast1c1t1es of substltutlon among factors of

production. '

This“chapter presénts the procedures involved in -
obtaining-derived demand-for lumber from a cost function ‘
using the property of duality andvéhephard‘s theorem. Thisﬂs{f‘c
chapter also presents relevant aspects of product1on ﬂ' |

supply model. Use of duallty in der1v1ng the supply mgdel 1sﬁvffv-

,' also dlscussed Tests for any techhologlcal changes and the

behav1our of supply to dlfferent gactors are. dlscussed as

well, Part1al equ1l1br1um angf s1s 1nvolv1ng spatlal and non

spatial. cases to determlne the welfare changes from the

1mp051t1on of quota or tarlff is dlsé ssed. — ' v”wf[T“

Transportatlon costs are an. 1mportant component of - -

¥

"igettlng data that include transportatlon costs, the ana1y51s _

is conflned to nonspat1a1 equ111br1um.




B. Derived Demand Tneoryeand Demand Function

‘Derived demand theory is based on the concept thatpa

firm decides which variable inputs along with primary fixed -

‘inputs w1ll be. needed to produce output. The demand for an

bglnput is- dlrectly related tO\the demand of the product

Q

der1ved from 1t, A firm attempts to determine the optlmum

mlx of @d@uts such that profits are maximised while costs

AL

are mlﬂimzsed. For a given level of output. firms with

'non—opt1m121ng behav1our would not surv1ve.

4 4The dgmandvfor a factor of product1on can be determined
s

fe1ther by profit max1m1sat10n or cost m1n1m15at10n behav1our

of Ehe firm's manager.rA profit funct1on expresses profit ob‘

a firm as a functzon of output przce, varlable 1nput pr1cgs
for a glven gechnology and a glven endowment of fixed f‘ 4}‘
factors of productlon.'McFadden et al (1978) have shown that
there,ex;sts a correppondence between a set of concave
prdductionvfunctiéns andya set of convex profit functions,

Invemplrlcal work -.the problem is to determine the optimum

leVel of factor use. This problem is solved by using the

743y

'pnﬁperty of duality. The demand for a factor of productlon
g
can be determlned either by proflt maxlmlsatlon or cost

m1n1mlsatlon behaviour of the firm's manager. The advantages 7@
of utilising a prof1t funct1on approach over cost funcE}onf
approach 1s that it is s1mp1er to estimate and no

endogeneous var1ab1es, input or output levels, need to be

. ‘used* as explanatory' variables 1_n the estimation. . - @

a"@'
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1;"I“'.he cost function approach on the oﬁher hand prcvidés
derived demand estlmates of all inputs that are un1quely
determlned subject to the level of output and 1nputs forces
and technology. The profit function provides Marshallian
elasticities but not structural net.input substitution
(along an isoquant) not'output trade offs along the
production poésibility frontiers }Lopéz'TQBO).
" Prior to the 1980's, most of the deﬁgnd models for
“forest products were based on production or cost functions
of the CobbADouglas fofm.,The traditional estimation of
factor demand functions related the quantity of.a product to ~
its price, the pride of other inputs and the level of .
outpyts. This approach invﬁlved deﬁermining demand for each
inpgi seperately, but it is appropriate only ifvthé use of?
" one input is iﬁdependant of others, i.e.,'globally
- seperable. ThevCobb Douglas function imposes certain
_reségictions such as unit elasticity of substitution between
- inputs which is very rigid unless supported by statistical
| tests. | | | |
" Another less restrictive funcfioﬁal form is the o
constant elasticities of subst}tution (CES) function.uhwiﬁ&
desirable.approach-is one which allows?fér testing of
different functional forhs‘a%d'd@eSvnot restrict parameter

_ est1matxon (Banskota. 1984) g&f‘ i

2l

’
"
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productibq‘tecﬁnolpgy.'Fléxible functional forms include a

- generalised Cobb Douglas form, a generalised Leontief form,

a generalised quadratic means of order form and a translog
functional form, Unlike the Cobb Douglas form, these"other
functions permit the estimation of elasticitiés of |
substitution apd complementatities among inputs énd allow
tésté fof‘specific features of the pfoductioh stfuctu;e.‘The
cost function using a tranélog cost functional form is

discussed in this chapter.

C. Cost Func;ion

Cost minimisatioﬁ and output haximisatibn for a fixed
outlay are altefnative ways of characterising‘prodUCtioﬁ
efficiency. Pfoduct supply and-factor demand equations
consistent with a firm's optimum_behéyiour can be obtained . 7/
by two different approaches. D%ality.pe:mits the firm or an
industry's production téchnology to be represented either by

a production or a cost function. Another»intéresting feature

" of the dualfapproach is that the productién fudctioh uées \

1nputs JE aqguments, whereas fhe cost functzon uses output

and mput prlces. It%convenle\Qt to use prices rather than

quant1t1es as the latter are . dlfflcult to determlne.

Moreover pr1ces are P!gs coll1nea$ (Taher 1983).

. ” 4

cOst is a Iunctxqg ot anpuémbt1ces am@-the outppt 1e

B I

(o
.

@2
whzch és represented a5°

C= C(P Y)

for 1‘1 2 3 .'l‘o ,n

e

G
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where P, represents input prices and Y is output.

In ﬁﬁéﬁshort run the cost function of a firm involves fixed
W . :

M

- as wefi as variable qoé}s which is represented as:
C=C(P,,¥)+b s ; | (7)
where b is thé*cost of the fixed factor.

In the long run there are no fixed costs therefore cost is

v,

represented as: )
” 'c=C(?i,Y):+ éifﬁ ‘ o (8)

where F(y) represen§ the cost b$sed on plant size which is a!

function of oﬁtput.

According to McFadden and others (1978) a coét function
corréspohds to a well behaved production function if it
satisfies.the'following'regularify conditions.

1. Domain: The cost fghction is a positive real valued
Eunctiod for all positive prices and output, so that
c(p;,¥)>0 o | C(9)
for all P,,¥>0 i=1,2,...,n.

2. Monotonicity: The cost function is a non decreasing
function iq_input prices and output which impliés that a
rise in eiéhef input prices or‘butput resu;ts in a cost
increase, ;and if outpﬁt tends to:inéreasg to infinity,
ﬁhé éoSt_éf p?oductiqn;tends to infihityi 1f P, and:Pj
;représént.tWOgsgts‘of.iﬁput prices such that Pi>Pj and-
'outpug temains éonstaﬁt, then f |

| | c(pi,Y}>c(Pj,¥)._ - . (10)

‘3. Céntiﬁuity:,Thé cost function is éOntinuous from below

, PR .

" in output- and input prices.

X v
R
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4. Differentiability: The cost function-is continuously .
twice differentiable in input prices. w
aC/3P, >0 o ' (1)
2'C/0P;p<0. | | “ (12)
The above conditions (11) and (12) help id
generating a system of demand functions i.e.,
aC/api=xi (Shephard's lemma) | ‘ \(13)
wherehxi is the derived demand for ihputfi. Firms
maximise p;ofits or minimise costs and simultaneodsly
decide about the optimum mix of inputs-rather than
independantly deriving demand for éaép iﬁput. The ﬁotion
of differentiability‘impligs concavity. The above
'properfies, particularly equation 12, are important in
estimation as they can be expressed in such a way that a
symmetry condition is obtained i.e., -
0% /0P =0X /2P - o (14§@w:ﬂ }
for all i and j. A change in the ith factor's demand
from a change in the jth factor's price is eqgual to the
change .in thet jth factor's demand from a chénge in the
ith- factor's price where i#j; The ith and‘jégaihputs are
substitutes if axi/anlis positive and comégg%énts.if
nggative.hThe symmetry condition helps %? ﬁaducing the
number of parameters and hence increasgsithe degrees of
freedom which in turn reduce multicolifﬁearity,
Shephard's lemma also heips in symmetry condition, by §; ,”$4§?
reexpressing it as: | | W

af’c/apiapj---a*c/apjapi _ S '(15)’f
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of 2X;/0P;=0X;/0P; . . (16)
where xi énd X. are two égts of inputs.

5. Homogenity: The“cost funcéion is homogeneous of degree
one ihfinppt prices which implies that a doubling of
pricéé of}@hputs results in doubling of cost thus
st£§ing on#the same isoqﬂan;xi.e.,

c(Y,aPi)=ac(Y,pi)“ : ¥ ‘ (17)
where a is a posiﬁive scalar quégtity:

6. Concavity: The cost function is a concaQe function in

| input prfces which implies that as pfices riée, cést
also rise But no more than linéarily. The cost fqnctioﬁ
is concave in inputs if
axi/ééi=a=c/apfi<o | - . (18) .
for all 1i. It.is essential as thedproducers minimise
cps£s_which implies that follQring the condition holds
for every scalar a where 0s<e¢s<1, If so, then:
aC(P,,¥) + (1-a)C(P;,¥)s Cl(aPy + (1-a)P,, ¥}  (19)
By applYing Shephard's lemma,.the demand for the cost
minimiéing bundle of inputs can be obtained. Besides the
above properties, certain restrictions in conformity w%th'
the téchnolégyﬁor‘rulesﬂof rational behavidﬁruare to be
imposed before estimatioﬁ. These restrictions include linear
homogenity in input prices; symmetry, the adding up

‘ condition, Cournot's aggregétion aﬁd Engel's conditibn.which

are all discussed by.Banskota (1984) and Hassan et al

(1976);
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Maintained hypotheses are convex technology or cost
minimising behaviour, the production possibility éet being
closed, and intermediate inputs seperable from‘priméry
inputs (McFadden 1980). Econometric analysis in production
econémics,takes place against the background. of the /
maintained hypotheses which are not tested but are assumed
to be true.* | |

“The tr#nscedental iogrithmetric functional form
developed by Christensen and others (1973) is ‘flexible in
nature and helps in ;he estimation of an unrestricted model
which is used'to estimat; the dghand for softwood lumber in
" residential construction in the United States. Rockel et al
(1982), Seriff (i983), Nautiyal et al (1983) and Doran et al
(1982) have used this functional- form for the gstimation of
derived demands for forest products. Rockel et al (1982)
estimated the derived demand for lumber and othéﬁﬁipputs for
residential construction in the United States.: Buongiorno et
all(1979) determined the demand for imported softwood lumber
. as a;fuhctioﬁ of relative prices of imported and domestic
lumber and the npmbeerf.housing starts, presuming that
there exists a seperate demand for Canaaian lumber.

This thesis differs from the above studies in ;hat it
explicitly treat the demand for Canadian lumber as an excess
demand. The other studies employed restrictive assumptions

in their analysis of the demand for Canadian Iumber so far

‘ TestinérconvéXity in a constant elasticity of substitution
production function by examining the sign of the estimated
elasticity of substitution is inappropriate (McFadden 1978).

. 1
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as they considéfed it at all. Rockel et al (1982) based
their assumption of seperate demand on the F}aim that
species 6£'United States prqduced lumber differs from those
~of imported Canadian lumber. Although there is a species
difference, quality differences are small and consumers base-
their decision on lumber prices”ifrespectivé of country of
origin. In this study, therefore, only one lumber va;iable
is considered for both céuntries. | f ’
D. Tfanslog,Cost Function
 The translog cost function embraces the usual
assumption that it best approximates any arbiﬁrary cost
function up to the- second order (Eleazor 1986). It permits
-tests for various feasible alte;na;ives of btoduction |
technolbgy. The most general f&rm of the translog function,
nonhomothétic, approximateslup to the second order the cost
function (Berndt and Wood 1975 and Binswanger'(1974b). This
general form yields a particular'characterstic of the
.residential construction industry's technology by imposing
certain restrictions. The,general form is examinea for the
relevant produqtidh‘tharacterstics such‘as, homotheticity,
homogenity, returns to scale, téchnicalé%hangé and
produétion«possibilities. The nonhomothéfic form of the

model which permits the above characterstics is written as:

InC=a, + ZiuilnPi + (1/2)Zizjaijlnpiln9j + annQ +
(1/2)agg(1nQ)* + 2380 1Py 1nQ + (1/2) &y, (T2 +
ag T 1nQ + Z;6,, 1nP, T + o  ° (200
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for i,9=1,2,.00.,n;ivn] vhere Py represents the price of

_faétors i(i=1,2,.,n) and Q is a measure of the level of

output. T stands for time and reflects techonology. This
. R
model represents th;‘;_;hPut one output case and «a

reptesents the paraheters of the approximating translog

re

function which ié‘estimafed. The presence of variables T and

Q allows for test of characterstics like homotheticity and
technical éhangc.

Thié general form generates minimum cost input share
equations by diffetéhtiation of the translog cost function
with respect to input prices i.e.,

Si-ai + zjaij lnPj + 6iQ
for i=1,2,...,n where Sispix}/(Z.P-x.) andyxi is as giQen in

1nQ + o‘it T | (21)

1 11

énd Sj are the shares of ith and 5th

commodities. A share equation indicates the share of a

egn.( 20). S;

particular input in.the total cost,mthat is, its importance -

"in the industry's output is judged by its share in total

cost. Since the total cost of production is difectly related

to the price‘of the product produced, the price of the input‘
will'deteﬁmihe Zhe pricé of the fina; output. The larger”Ehe
shére of an input, the more dependant the product on it.
Similarlé, output price depends on input prices. Cost share

equations can prpviae estimates of parameters and allow for

A 4

‘hypothesis testing, demand elasticity substitution

meassures, technical changes, and scale economies.
- ’," ( b4 .

Bééfcally, parameters of the nonhomothetic translog

cost f:h\c_,_t'ion can be H&y_ed'by using cost share ‘equations,

. ' L\\if
:
- . ¢
o . . 7
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the parameters of quadratic output and the time Varxable are

- exceptions, Rockel et al (1982) determined these paramet‘rs

of the nonhomothet1c translog funct1on by using a cost

functlon ‘but recent studies have indicated that estiMhting
the cost function jointly w1th the shé@e equations 1mproves
the e£f1c1ency of the parameter estimates, It is assumed

1mpl1c1tely““&hat in each observatlon period the adjustment

' ot the 1%pué‘ndx¢to 1nput price changes is instantaneous and

.

BT S £ -
ﬂBut thas assumptﬁoﬁ is: accepted only if the adjustment lags

rcomplete (Johnston 1984). This result is also true for the

ela%t1c1tae§ calculated following the conventional

‘ ]

gproceduﬂes i.e.,

ve

- ) w
PR

PG

(22)

RN ¢

'} r@ cpmpleted w1th1nthe period under consideration.

“fa The est1mat1on of: aost share equations in conjunction
w v

‘fwlt the»cost functlon 1eads to over identification. Slnce

”,nf'

’athedshafe of «each 1nput adds up to one, 1t is p0551b1e to

.»"é‘

'”‘qdrop share eQUatan and permit estimation of parameters. The

"VQIUes of the omltted share equatlon parameters can be _

computed us1ng the adding’ up cond1t1on which 1mp11es that

the fpllowzng restrlctlons must hold for the parameters of

translog cost function: L '

1) Ziai=1 ‘

2) EiEja;4m0 -

3) ZiaiQ=0

4) Lja;e=0 o R
5) Z.a..= L.a:.=0 | ' T (23)

r

*



W v - 2 .
‘3 . “ ) « . - ) . {
N ) ? , : R . : 69
N AN A "" . -~y . o ] R , ‘ o
. ' G ' . " “a ‘nq‘ \ ; - L DR o ! S ' ‘. ! . o .I'.,;L‘if.u:' whE RS / B
R fbr i, j=1, 2,...,n ;‘where 1#3. The above condltlons are ‘ .
, N - , ‘
}referred as the 11near\hoﬁbgen1ty in 1nput prlces
* s

assum?;1on.
T £ the translog funct1on is con51dered as a quadratic’

Qo
: approx1mat1on of an arbrtrary cost functlon, an add1t1ona1
] constra1nt, the Slutskyﬁsymmetry, is requ1red i e.,' e
Se - AU o ; : '
ol JREEE o : (24)
SR 3 31 o . : ‘ .
A '

for all i and j whére 1#3 Cdnstralnts glven by equatlons
23 and 29 are maint ined hYpOtheSeS.wSIHCE the share |
‘ /equat1ons 51nce add up to'\‘ Pt is. p0551ble to drop any one
/ ) :' shareﬁequatxon. Any one share equat1on can be dropped as the

-5 are invariant w1th the equatlon deleted (Berndt

’ana.w§6d.1975) Suppose the koh share equatlon is dropped

nd 21 are traLsformed to'o

'ﬂ ;-:i them equatlons 20 t
»'\" . . lnC —(ﬂ - ‘nP ) + aé an + (1/2)!1 (an)1+ at T +
@_v_ . N o . -_ . o
- n Fiai(l _j lnP ) o+ (1/2) Z'./Zja J (lnPj lnP )lnP |
;;{’ef]: * I 'iQ-%EQ‘X}pPibfv;“pk}{fuzie (lnPu/’ lnP ) T +
A 1/2att TSy T e (2
; f and S =P X, /cJL.al + z] ﬁ j'(lnpj‘éslnék) +:6iQ.an o 7
awher 1#] ~ o e L

L)

 'ﬁLL:'}; . Th19yapbroach con51ders 1nstanEaneous stock ) o
e adjustmgnts Share fquatlons help ;;sdetermlnang the least
;, ﬁgcost expans1on path of 1nputs. Howevér,.gnputldemahés in.
:d;{;f{'reallty d%e 1nterre1ated aed tlme‘paths of inputs folfow
_)iv; dynamxc znteractlon‘TMiﬁr 1980) A séﬁck adfﬂﬁfment mpdel

9
_can be used bd account@for short ané’long fun movements in”




factor demands. Dynam{c adjustmentsnuill‘involve *
intergeiated‘translog cost-share equations. |

! ér
14 ' Y

E. Homothetlcxty, Homogenlty and Returns to Scn}e_

. v .
Each of the characterst1cs, homothet1t1§§,,‘gmo ;ty ;
‘ﬂ‘ L e Ty
v and returns to scale, descrlbes attrlbutes of the»v “'5 ; S

e |

relat19nsh1p between the level of output and the use of

kfactors of productlon. Homothet1c1ty means that for a ‘given

factor prlce ratlo, “the change in output level will not

change the factor 1nput ratlo. A change in the ratio with a

: change 1n output for a glven factor price rat1o implies

‘r

casejthe equatlon C=C(P1,Q) can'be wr1tten as : - : -

~respect‘to output is 1ndependant of 1nput pr1ces.1‘

nonhomothet1c1ty Seperablllty 1mp11es that a ffﬁhws

dec1sgxon on#h‘é}fuse %fﬁﬁr more; 1nput,f is” 1ndependan‘ of

" the rest of ;he 1npufs.‘Seperab111ty of 1nputs 1s 1mportant'

1n productlon studles as it allows for decomp051t10n of

4

productlon relatlonshlps 1nto add1t1ve components‘ﬁﬂhe cost
functlon 1s mu1t1p11cat1vely seperable in 1nput prlces and
output if the productlon functlon is, homothetlc. In thls o

] . 4 ¢

b

ce(py).p(Q), for 12,00 g e

¢

‘ ThlS equatlojflmplles that any change 1n the level of output

demand eqpatlons. Furthermore, the elast1c1ty

In a translog cé&t functlon, homotheticzty requzres

that the quadratlc 1nput pr1ce and output 1nteract10n terms

v O . ) s ’ i o 28
be oqqal to zero 1 i.' é11 Y: ng e - (. )
I ‘ : “ o :: . ..: .‘ - o ) . ’

e
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Homogenity is a special case of homotheticity. A

funct1o@wﬁs homogeneous if the marginal rate.of substitution

betweenuinputs depends only on the 1nput proportlon and is
1ndependant of output i.e., elast1c1ty of cost with respect

to output is constant. The translog cost funct1on is ",/

‘homogeneous and homothetic if the. aSSOC1ated quadrat1c

o - (29)

3 *

output term 1s zero-i. e., QQ'

° f
[

'Returns to spale are rélated to homogenlty Any function

w1th one degree of homogenlty is sauﬁ,to e funct1onlof

]

constant returns to scale. Constant retur s to scale.

functlon is said to be homogenous of degree X 1fanﬁancrease.'

in inputs by a- mult1ple a 1ncreases the output by a mult;ple

a” . T ondition of constant‘returns to

S

cale 1mp11es,that

dQ%O. e _i: h

Any rejection of, this hypothesis would indicate that the |

F. Technzcal Change :

_returns to scale.

cost function ekhibits'either increasing or décreasing

‘\) ‘ [ ‘ | -
R : ) o ) . .. : ‘ »
. - . N

Technologlcal change affects the productloh structure

of an 1ndustry. A flrm produces an output by UtlllZlng an:

1nput mix Wthh m1nnmlses 1ts cost structure @pr a glven

technology. .Any change in. technology is eV1dent 1n a change .

.31n the ratlo of factor m1x that m1n1m1ses the cost

structure. A technology is ﬂ@utral over t1me if the faégggﬁ/f

mix remaan(unchanged over t1me. Technolog1cal change ;@%k'u

o %y

‘<1mpl1es that for -an oglglnal level of output. the cost can beg,

71

e
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”aydecﬁeased by.teplacing thexscarce input by a more abundant
and less expensive input 'The technological~changes are a
resource saving type. The effect of technolcglcal change can
be exantined by differentiating a cost funct1on w1th respect
to time where-txme 1s taken as a proxy for technical change. B

. Technical change can be exther neutral or b1ased

u e
31‘ i

V”towards any ‘of the 1nputs. Technlcal change 1s chk ]

N

YA rate of techn&cal substltutlon - N
o ‘Qk: e 4.

v ,)q; 1

‘g“loes not change over tlme when there

actor p;oportléh changes with the change in output
ﬂechnlcal change will be. blased if -the MBTS of 1nput i f%r -

reflecbs\change over txme ‘In the case. of a translog cost

v_functlon, the techn1ca1 change is represented by the | . ¢
coeffgc1ent of 1ntelact1on between txme and. inputs, -
1 e.,elt} 1f 1ts value is zero, then the funct1on is negtral

'in’ technical change. Technolog1ca1 change can be measured by |

utlllslng the cost s%are equatlons If each equatlon is

dlfferentlated'w1th respect to tlme, (as /at) 1t w111 yieldﬂ

theﬁagrametrlc estlmate of technlcal changeywhlch is-defined

as; ijasi/at-eitpo (The&chk s factor is i us1ng) kA :
lasi/at;eit<o, (The chk s factor is 1'sav1ng) and {Q§\§

véé /atG =0 (The Hick' s factor is i neutral) (31)

. it e Vv
vhete S is the share of ith 1nput 17 cost and factor pr1ces_ﬂ -

e

°are‘held constant (B1nswangep 1974a) .
! | TN S s ‘
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G. Elastficities of‘Suhstitdtion and ?acter Demand:
Elasticity of substdiution measures the ease with which
oné factor can be substituted by other when there is a
lchange in relacive input pricééabt a constant level; In the

case of ‘i’hctors wh1ch are subst1teiny increase’ in the

,prmce - of one input w111 decrease its demand and 1ncrease the

i ¥
'wand?fo:@a cheaper 1nput, cetris parzbus. But, if both the

éaother inputs’ an@»

' ,,whefe-n ij and Ny ate the own- and cross- pry;e elast1c1t1ES.:'*"

inputs are compleqﬁnus, ‘then the demand of both inputs w1ll
g

- decline, ceterzs par*!ps. Estlmates of the elast1c1ty of,
O

o
subst1tut1on can be deﬁuved from thi@parametrlc estlmates in’

‘ 0
the. cost share eqbatlons. Elast%ﬁlty k13 substifutlon is °
. o ) _. ‘ .!Ea id. v

'represented as:
. L]

RN VALY -(a=0/ap 0P;) . (ZB;X; /X X ) - (32)

“and 011“(a +S g, )/S - “for 1=J 2 3...,n @\

'@yhere i is not -equal to~J and aij 1s¢the elast1c1ty of = ¢

substitution between input i and 3~ Si and SJ are the

shares of ith<and jth 1nputs"_The term o, +¥s the elast1c1ty
—
of substitlition of the-fth 1nput. InputS’are monsidered

complementsiif 0..<0, and pubst1tutes if o, .>0.
_ ig e ij

‘Demand elast1c1t1es measure the change in quantlty

demanded with the change in pr1ce when the factor prlce of

LI

Oy .

. <
own, and cross price, cap be estlmated from the translog -

functlon by u51ng parametrlc estlkates and determ1n1ng the

#
£ -

elast1c1ty of substltutlon as foxlows. ’ S

-y

e

)

ng.=0.. S, ‘and n. l | ‘ .; (34)

il 711 vi 13 13 3 "

A3

« ‘u)

output remaln constant ﬂ%ese elast1c1t1es,wv

b
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These price elasticitiei, along with supply elasticities,*
‘help in der1V1ng 1ndust£y demand and supply schedules A"\\\

given 1nput pr%&e is pr1ce elastlc or price 1nelast1c if

not’ i.e:.,‘ : .¢n?'i.~

. These est1mat1ons‘

'ifd oh the assumpt1on that -

input demands are adj:A A
.o equml1br1um whenever pr ce’chahges take place. Industry does
F } .
’no?: react 1nsx;antaneously due to uncertalnty, adjustment

‘costs and 1nst1tut1onal constralnts. In such cases,’

appropriate models would be dynamr‘.‘ianslog funct1ons. do

\“so due to uncertalnty, adjustmenthdﬂst and 1nst1tut;oﬁal S
constraints. In-order to anqﬁ&sé this be*a;iour of’the
industty,‘the model should o | o _

i H, supply Functxon R ' ' |

-
-

The study 1nvolves detenmlnatlon of supply functzon for

, both the Canadlan amﬂ United States softwood 1umber’_ -"mV
. .
.1ndustt1es.,iie est1mates from,earLler studles by McK1llop

-

- .(196?)} McKillop” et al (1980)~Rob1nson (1974) and Mills et

al (1974),‘however provtde a range’ of_d1ffer1ng-supp1y‘<
elast1c1ty magn1tudes (table III. 1. McKillop et*al (1980)

sed supply as a functlon of its own pr1ce and the, pr1ce of WQ

1nputs 1nvo1ved in product1on. In these studles the - ‘ﬂ~"l

underlyxng assumpt1ons of - the specrf1cat1on weremnot cleérLy r
. . . . )
=



4":

‘aet'ontvnor'was the economiq rat}onalef%r“the‘modela"3&(.'
dxscussed o
; In the short run, pl‘ht size of a firm is flxed and the
1manager of a firm haS to g&xlmlse net revenue by varying the
var1ab1e 1nputs (Henderson 1984). The short-run supply B
E*funct1on of -a f1rm can be der1ved yreither first order

cond1t10ns of profit’ max1m15at10n rwgy constrained revenue,

1-09) ‘ s ‘ N ' “ . r}l : . :
. MC. =, (q;) - . | (34)

\

‘where MC, is the marginal cost of ith firm and.d; is its

output; - "dib - . L ' L
B ‘ .v . w ) . ‘-

'S *S '(P)' for P>=min average vari-ab'le cost.

The aggregane supply function of an 1ndustry at any price is

' obta1ned by horlzontal suhmat1on of 1nd1v1dua1 flém's supply ,

S=S (P)'S(p) Where 1 1 2,..-'-,n. ’ . . P
‘ ¥ & °
The.second order condlt1on négp1res thatjmarglnal cost is

at that pr1ce (Héhderson 1984), i.e.,

rlslng The firm's supply functlon, therefore, wlll be -

monoton1cally 1ncreas1ng in prices at or, above minimum.
average Varlable cost ' L e . ;.

- The long run supply funct1on of a firm contalns no
-

fzxed var1ab1es. The "firm can vary plant s1z%§-The supplya
elast1c1ty for the f1rm changes with ou?put prlces pro;1ded

=
other factors remain constant. Some studles have determlned
&

the supply elast1c1ty of lumbgr to be 1nelast1c ;n the ‘ »

e
@

[

short- run but elast;c in- the long run. L .

X

Y “‘f'_

4

s
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The supply functlon can be written as:

i»

S':ﬁ(w;,w’z,....Wn,PA)‘.i.?.& S(Vi,P)

it e i=1'2,...,n, W. is. the price of ith-factdr, and P is

1

o

the Prlce of output. The supply equation a&so g1ves the

fijﬁnges in factor prlces on the supply of. the,

“ supply function based on coét mxn;mlszngabehavlou?&of the

&

?

firm, Hotellxng s lemma hebic .in determining product supply

3

from indirect pfoflt functlons.

Sheph;gdfgihemma is parallel to Hotelling's lemma and

*

3 : ) . .
ption of product supply from an indirect cost °*
function. The indirect cost function is represented as:

(P, 1) o .

which contains a vector of factor prices and output. The:

L) o i &

.supply. function conforms to economic theory. The indirect

cost function needs to conform to properties that include, -

ﬁomogenity, domain, concavity, diff;tentiébility,Qand-

,moﬁotohicity. These progefties are similar to those for the

e , . o
caost function discussed previously (for further detail refer

to Be%tie et al, 1985). Supply :uhcticnS'qgé.homogcneousvoﬁf

¢

L | (35) -

’ - o : % Lo V
Y \;yﬂib g % Y
. . mggya.t | 76

deqree,zerc if input and output prdces change by the same" "

prgportion feSulting‘in no change in¥supply i.e.,

.

S(W1,sz...,w P) S(aw‘|’aw2'00vawn ap) (3‘6)

for all a>0. A supply function that sat1sf1ea ‘the homogenlty

condition implies that'the sum of‘all elasticities is zero,

A
The supply funct1on that can be derlved from opt1mxzat10n

4

behavlourT<as well“as the modeL. w:ll be ‘nternarly ;"
X >, A/

42‘

2
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conslstent (Andersson et al 1985) The cost m1n1m1satzon
problem gan be written as:’ R . .
. L S
pi, )'mln Z P. Q » v ' (38)

sbbjectgjo‘h Céhb Douglas product1on function of the f%ﬁ?

mﬂ”i e e e e n, qn , (38)

'”*“’h‘whefe ar,h;:..?’f‘iar a:‘e -the d15tr1but1ve shares of the

eQuat}%ﬂﬁ* 37) and (38) yielde the cost function:
| ”’I.":“« B‘Pm...,p ¥)=G PY/Z, ... .p° P’n “n/2y ’/z (40)
U wy . N\

where z=¥|+.....+an\§nd G is the constant term involving a,

- w\Qd '6 - ) '

avh

L Ry 'I‘}&e der1vat1ve of the cost funct1on with respect to
5 ;\ ‘5%

L
S

1

L solution for the first order condition of

’

puui.kqps the.1nverse supply or marginal cqst curve.
5C/QY H ﬁu (1/z)“”p n(1/z) 1 z)/zV (40) *

. ‘ ~'2»»- i
. where. z<1 and;H 1s a constant term. From thls equatlon the

wsyppk' funpt1on is ‘derived as: -’ ‘“\ o

mwhbre J 'is a ¢onstant whlch is equal to H( 2/1 z)‘Logtithmic
_form of the equatxon (42) is: R ' .

- lnY=lnJ- {(a,/(1 z)}lnP1 .;.;:-{(an/(1—zf}lnpn +
(z/1 z)lnP I o (42)
wheté_Pi and Q, are p{ice and”qhahtity et,ith'factqr for
i=1'2,...,n, P is the price of the‘ptoauct produced and Y is
the quantlty of supply. The coeff1C1ent of -the last term J
gives the supply elast1c1ty~of the supply curvwe, The
coeff1&1ents of the factor prtce“terms are elast1c1t1esbof

supply with respect to changes.in input prices. Technical -
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Y o,
ange Lf any, dpring any per1od-can be tested usxng the

Chow test (Johnsto 1984). It is also possible to test for
v

* technical change,ln the 1ndustry by . 1ncludpng time variable.

The remaxnder of ‘this chapter deals with the 1mpact of
tariffs on'ﬁhe excess demand for Canadian softwood lumber |
u51ng_part1a1 equ111br1um analysis where possible the

. L
assumptions are-made concerning the impact of trade barriers

~on economic welfarQ in each of the countries and on spec1f1c

“groups (i.e., producers and consumers) Tar1ffs or -quotas

and other non- tar1f£ barr1ers do lead to less efficient use’
of factors :and consequently y1eld to net welfare losses. But
asrguments in favour protection are based on d1st§ibutlonal

considerations (1.e.,se1f interest of various groups) and

largely derive from e€fficiency arguments (i.e., infant

~ industry). ’ , ‘ .

€ . - owm
| ' Y
I. Rartial Equilibrium Analysis
Trade between the two countries takes %lace if’in the’
. ) . " . ‘
absence of trade a price difference between similar /

commodities in the two countries exists. The higher prices

in the United States which would prevail in ithe absence of

vtrade and the price dlﬁferent1al which emerges 1nc1udes the

v 1mports of lumber from Canadé Lumber flows between the two

countries until prices, ;(net transportation costs) and
assumlng no trade dlstortlons, aree equal1sed From the
perspective of United States consumers, przces are lower

from trade than would prevail with autorky. Whil# from ‘the

4
s

{ ‘ N ’ ey
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ﬁgrspectivelat'anadian~producers'zhey are higher than {
déhp{ﬁise would be the cese. On the other hand the free
trade prices do make United States prqducers and Canadian
consumers worse off than would be Eﬁe case cetris pafibus.

;. The aemaﬁd for Canadian lumber in the Un1ted States
‘1martet is’ the hornggtal d:stanpe between the Unlted States
demand and supply curves. The qombgnat1on.of excess d&mand

LA

1mport demand curve is)flatter and more
l A Y 9( .

domestxc demand curve in all caéfs except”

-and the related price\sivesthe import demand curve. The

than the

ail of the '
e

R

domestlc demand is of zero elastxcxty (vertlcal) infinitely .

elastic demand or supply schedules generate\é; 1nfini%¥?@“ e
elastic imporf demand (Darr 1984). . s
_\Any priée higher‘thah the equilibrium price’id the

Canagﬁﬁn market will result in exports to the Un1ted States.. !
Excess supply in Canada is given by the horzzontal distance
between its domestic supply and demand at any price. The
combination of gxcesslfupply at any price gives the excess
supply curVe. The excess sﬁpply’curve'is flatter anq/méré
-elastic than domistic supplj cutvelif one of the‘siﬂgdples

is of zero elast1c1ty (Kre1n1n 1983T Infinitéiy elastic'

demand o;vsupply ults in an 1nf1n1te1y elast1c supply

schedule. In tW€ absence” of transportatlon costs thgte may
exlst one p ice for both the countries. The trade mode1 is
obtaxned y plotting both excess demand and exégss supply

/
curves, The elasticity of expogx supply and import demand

(Kost 1976) 1s g1ven as: o ) ’f;>’
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- ‘share.

" and it gets transmitted to their excess demand $ﬂf$e!
R )

80

nid-(ndqd-nsqs)/(qd-qs) .
nes-(nsqs-nsqs)/(qs-qd) | o . (43)
The vertical distance between two thedules at any qguantity.
gives thé price difference or extra profit for Canadian

lumber producers that acts as an,incentive for them to

] L

. peneterate the Unxted States market

The equilibrium pr1ce ‘of the trade model is lower than

the equ111br1um price of the importing country and h1gher -
than the equ111br1um prrcm of the exporting country: relatxve \
to no trade scenerio (autorky) éoﬁsemers of the importing

country and producers of theyexportlnp\countf?“w1ll : ‘ ‘

therefore prefer trade. Any*}ncreaSe in p(1ce in ‘the Unitad

'States ‘will lead to an increased share of Canadian lumber in

the United States market whereas anx\§OIicy digected to

decrease the price difference will reduce the Canadian . .

Y
®

Net welfare oﬁvtrade is a combination of producers' and . -~

Y e s . .
‘consumers"surpluses. The trade situation or net welflre is-

affected by a shift in excess sup&}y or excess demand 91nce ‘

» A

excess supply or' excess demand curVes, i, e., thexr Coe .&,4

o

elast1c1t1es are dependant Qn the demand and supply cur&@ﬁagzg f
of’”}portlng and 1mport;pg markets, any change 1h ‘these iEJ :
Y

‘ ’

market wzll aftect both’ markets. The Canadlan economy 1is,

li
.

'prlnc1pally export or1ented. Any pol;cy change in the Un1ted

’0' ’

' States market will affect their demand and supply schedules

§ -
B



D

B

L. .

the two markets. Therefore, the Canadian share of United g

States lumber consumption is influenced by changes in tiy

Canadian dollar relative to United States currency. Exchange

rates are based on the relat1ve supply of ,and demand for,

each country S currency. Demand for a currency ‘reflects the

'trade balance of each country and speculat1ve elements based

¥ .

,on'e' %atlons of the future strength of each currency

’1‘«;n the dimporting country (fig\ III 1). The 1ncrease 1n

¥ N\ N
relat1vt to that of other countries. _ :

3

FLpatzng exchange: rates can offset the 1ntended effects

égom ad valonem and fixed tarxffs. '1f United States currency
L 2%

apprecxates relat1ve to Canad1an currency, then Canadlan

es consumerS‘resulting

lumber becomes cheaper to Un1tdd St
in an 1gg!ease ip the competltlve po‘;t1on of the Canad1an
lumber industry. The change in fore1gn exchange rates, or
devaluation or revaluat1on _of currency by the exportxng

country w111 affect- trade. Devaluation of currency Qf the

eXportlng country w111 sh1ft the demand and supply of lumber

.

u»"

their curren y undtS’ ghls*wlll stlmulate product1on in

GEmand 15 wi:Wéd ds: h&ghegvﬁwabe to export@rs expressed in oo

.
}\

7
, exportxng country but affects the producers in 1mport1ng

’ country The result will be that, at any given price, the .

1mpprt1ng country will buy more imported goods.
Ecoﬂom1c ‘changes generated by trade results. in

hardshlps for 1ndxv1duals in the: im rt competlng sector.

B o]
. . . /
.

[ 3 .
o , . . .
R “\\ '/ »
' o Lo . N

I .
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A S S - , s
trade. Trade protectxon occurs when any group of producers

or consumers 1s 1nsulated from the full force of
'1nternat10na1 compet1t10n by deliberate economxc pol1c1es.

AY

Industry or. p011t1cal leadIrs eall for government eponsored\

)

o trade protect1on for reaso
. L

1ndustry,-nat1onal secur1ty, unfaxr trade practlces,

s such as protect1on of a new

‘domest1c programs and balance of payments. Government
regulates trade by tarlff or non tarlff barr1ers. The
effects of tarlff and non- arsz barr1ers on economic

‘ welfare d1ffer but 1mportéfare reduced - 1n—e1ther case,

Tarxffs Can‘be of.a flxed or ad-valorem (f1xed and
proportlonate addltlon to prlce) form. its lumber producers.f
Imports ‘can be. restrlcted by tarxff and nontarlff

barrlers. The 1n1t1a1 1mpact of ‘a tariff is to. cause the\

| pr1ces for domestlc and 1mported lumber to d1verge. lf,h‘

however' the export1ng industry can absorb the 1mpac€ of a.

. tarlff on pr1ce dlfference between domest1c and 1mported
1umber_1n‘the Unxted States;then there w1lY be no effect
frbm the tariff 'Howeuér,‘sinc'»such tar1ffs ‘are a1med atV;‘
reduc1ng the advantage of epr:ters v1s a-vis local
producers,-the export decllnes'result 1n a prlce r1serin-thep
importing country The. consumers tbus suffer;'whéreas
- producers benefit 1n\the 1mport1ng country The: consumersv
elther shift to domest1c lumber or reduce consumptxon" ‘
because of the- r1s1ng pr1ces. Tarlffs cause a protect:ve

effect a revenue . effect, a redlstrlbutlon effect and a dead

'weight effect. Thesegvarlous,effects are 1llustrated
. . : . . N . . . o " :



“
.

A

.

\ a tarlff as the revenue’ effect in case of .quota is dlsbursed

A el

‘ J ' N . ]

graphlcally in- Ulbricht (1983)

There are. repercu51on in the exportlng country ‘as Jell.

v
Yo

: Because of a p\\ce decllne in the exportxng country,

product;on decl1nestUt consumpt1on 1ncreases..

-

1f a specxfig tarxff 1s 1mposed there W1ll be only an

4
add1t1on to the pr1ce 1rrespectxve of quant1ty exported. The '

excess supply qurve will thus Shlft 1n a parallel fashion
1
(Kre1n1n 1983) But if 3n ad valorem ‘tariff 1s ‘imposed, the

prlce change/w1ll be a funct1on of quantlty _and-the excess

supply curve wzll sh1ft pﬂoport1onally (Kreinin 1983) The /
“price in ﬁhe 1mport1ng country w111 rise but by an amount
less . than the tar1ff amount H1gher prices will result in ‘an

1ncreaée in productlon and fall in consumpt1on in importing
™~

/
c0untry. In the export1ng country pr1ces will fall resultlng

' rn anylncrease 1n ﬂonsumpt1on and a fall in productlon The
1mpact “f a tariff on price and quant1ty depends on the
/

}elastlc;tles of demand and‘supply. The‘net welfare effect‘of

: ’ . t—

/Aa tariff will be'the sum of conSumer'welfare 1o§§ and

producerfs,ueifare gain in importing country. Tnere will be
chonges‘in the welfares of broaucers and consumeryin»the7
uexport1ng country also.rzb \ |

v Quota 1s .a non- tarlff ‘barrier whlch restrlcts the
guantity of 1mports. It'can»be-flxed_elthervby the volume of | _

import or by the total value, Importers are licensed.to

| import. The economic effects of e quota differs from that of

such that 1t is not certaln whorecexves it. Those who get
; ‘ v .



1]

the‘licgnse';et the benefits‘ofhincredeedfbricesr'Quota o
‘-differs f}éﬁ a tariff, as the,pfoducprslin'the exportingn ’
country and consumers in the 1mport$ng country may be . V'  | ?
‘wIITTﬁg\to bear the 1mpact of a quota, but st111 cannot

: '1mport more than the quota.

\ 1
i

There are ‘some adm1n1strat;ve probleﬂS and 1ncreased

"

tendenc:es toward m1smanagement. Importers xlth enough
polltlcal clout may get licenses, and 1n some cases, par% of‘

the revenue recelved may get transferq;d in exchange for the

!

‘llcenses. The eXportlng country can still benefit if it has

/

»market‘power Fnd the. 1mport1ng country is unable to replace
th; imported lumber" Producers in the 1mport1ng country
favour quota and consumers favour a tariff 1mpos1t1on'
'because of the d1fferent effects from a price rise,

Imposition of a tarlff:results 1n<a,sh1ft in excess supply,

and affects producers and consumers in both markets.

.

. - .
\ R . b i
~_ o : c ShEu
. k X

J. Rev1ew of Relevant Stud:es

There have been numerous emp1r1cal stud1es undertaken
to analyse the wood product market using annual quarterly
‘and monthly data.-A number_of studles have been deyoted to
derived'demandvestimation but very few have been deyoted to
‘supply estimation. Even' wer focus specifically on trade.
isaues hetween Canada and the Unitéd;States. The emphasis of
this section is to review‘selected‘studies related to the |
objective of this thesis a d those involVed in'estimating

the 1mpact of protectlve measures by the United States

=7
T ’

S e v - ./ :.4_“,.



government on social welfare. R f

’-

Adams et. al (1980) analysed the 1mpacts of tar1ffs and

"quotas on,lumber trade. They did not estimate the demand and -
’ : : o " oL o

‘\‘ Ry

supply elasticities"for Canada. = ‘.’.‘, \
McK1llop (1967) Mcx111Qp et al (1980), Robxnson
”(1974), Mills et, ,al (1974), ‘and Rockel em’al (1982)

_determ1ned est1mates of" demand pr1ce elast1c1t1es for

softwood lumber. The magn1tude of demand elast1c1t1es in

4

C each case dlffered (table III 1) McKillop (1967) carrled

'a%. -

'demand is not cons1dered as

‘out a comprehensxve long run econometr1c study of wood

products and. estxmated both demand and supply elast1c1t1es. :

Models developed'by all the above authors except, Rockel et

al " (1982), suffer from the ¢ 1t1c1sm made earller that
iL 1ntermed1ate product.

" em—

Studies by Robxnson (1974) and Mllls et al (1974)

falth&ngh cover1ng the same perlod also d1ffer in the1r

“‘. ,ﬁ;\
X A~&-of demand elast1c1t1es but thlS is due to the

vselect1on of d1fferent explanatory variables. and the models o

spec1f1catlon. Robinson (1974) 1ncluded forelgn exchange,.

v‘value of res1dent1al constructlon, pr1ce of lumber and

fre1ght rate as explanatory varxables. M1lls et al (1974)~’:
con51dered also constructlon act1v1t1es and lumber‘

subst1tutes. ‘Mills et al (1974) 11ke McKlllop (1967),

concluded that res1dent1al constructlon was the 1mportant_

demand sh1fter. The p051t1ve value of demand elast1c1t1es

they attr1buted to exclu51on of lumber spec1es preference

41ndex The p051t1ve value of demand pr1ce elast1c1ty may be _



due to the presence of some outlier or sample variance.
"Buongiorno et al (1979) specifred the demand for
» 1mported softwood‘lumber as a functxon of resxdent1al

constrpctxon and relative lumber prxces. He had based hxs

B,

“model on the assumptlon that since the spec1es 1mportedﬁﬁrom

R

‘,LCanada are. maanly,spruce, pine and fxr,'whach are dxfferent .
from Un1ted ‘States domes 1c'1umber speC1es, a seperate , |
demand for Canad1an lumber GXIStS. This approach is not
approprlate however,'s1nce qual1ty d1£ferences are slight
and’ consumers base thexr dec1sxon solely on prlce regardless

- of country of orlg1n. | A _

McK1llop et al (1980) used lagged prlces as. explanatory
var1ables and ut1llsed hous1ng and 1ndu$try sector to

Ar

.>determ1ne ‘the demand for lumber. He con51dered substxtutes
to determ1ne the effect of a rise in the .price of "
‘subst1tutes on the demand of . lumber. Unllke his earlier
estlmates of demand pr1ce elasticities, the demand for
lsoftwood lumber was 1nelast1c this’ tlme. He con51dered
'var1bles such as steel and plywood to determ1ne subst1tut1on
or complementarxty effects. He observed labor to be be a
51gn1f1cant substltute for plywood but a complement to
softwood lumber. Mult1coll1near1ty was present because of .

: complementar1ty between var1bles 11ke 1ndustr1al product&on
and hous1ng starts. Luppold (1984) also used lagged™
dependant variables in the estlmatxon of hardwood lumber

demand.
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Doran ot al (1982), Rockel et al (1982) and Sherif
(1983) utilised der1ved demand theory to determine the

'demand for forest products. ﬂuongiorno used a translog

‘funcﬂaon to specity the derzved demand fo; softwood lumber

--in re91dent1a1 construct1on. He. ut111sed plywood

hardﬁ§ard~£art1cleboard labor and other. materxals 1like

;steel, cemgnt,obrlck-clay etc. as other varxables. He

~ observed the déggnd‘elasticity for lumber to be inelastic, e

 but with-a vallue of 0.99 (table III.1). Tney tésted‘the

general cest function against different restrictions to

determlne the appropr1ate characterst1cs of productlon

'.technology in residential constructlon. Max imum 11kel1hood

tests for each model were carried out resulting in -

dacceptance of the generalzsed Cobb Douglas model Data

' constraznts ‘did not allow.Rockel et al (1982) to estimatg

~using share éqggtions along‘witn_a cost. function. Share

‘équations along with the cost function gives more

information as\well as more consistent and sfable parameters

" (Stier 1985).

.. Eleazor (1986) used a translog ?unctionﬂto detetmine .

the demand elasticity for impofted plywood in_tesidentiéi'

. conStruction“He used both domestic and importediplywood as

.
var:ables in a: cost funct1on but did not cons1der other ‘

mater1als. Estlmate of demand price elast1c1t1es for .~{~

‘softwood lumber by Eleazo; (1986) were very low.

" Very few studies have estimated the supply eiastfcity

for the Canadian softwood lumber industry. McKillop (1967),



P
Robiﬁson (197@5 Mills et al (1974)wand MoKiliop et al
(1980) determined supply elastxcitxes for softwood lumber in ’
v'the Unlted States. Robxnson (1974) estimated the supply
Jelast1c1ty for\Douglas fir. He considered productzvity and
foreign,exchenge rate, but not stumpage, as explanetory
'vsriebles.in'produotion, Mills et al (1974)vconsidered al
number of supply shifters and observed stumpage as an
important variable., They observed wrong.coefficieut signs
for the .exchange péte,.teriff and transportatfon rate -
’yariiblesf*They considered'uood chips as a competitor of
lumber in production. Mills et al (1974) observed the lumber

supply is elastic ih nature whereas McKillop et al (1980)

- u

. observed it to be inelastic. McKillop et al (1980) used the
model with prices of nputs like fuel, sawmill productivity,
vages, stumpaée and price of lumber as variabies. Their
.ddaapproach is based on the.deriued demand’ concept. A
production function invoiving these variables besed on cost

m1n1m1sat10n helps in derzvzng relat1onsh1p rnvolv1ngof

supply'as a funct1on of prlces of 1n'5ts and output. .
Luppold (1984) exprefsed supply of hardwood lumber as a
funct1on of price of 1agged guantity suppl1ed lumber, wage
rate, stumpage, interest rate and time. He assumed that -
-theadjustment to exogenous shocks does not occur fully in
_one per;odsbut 1S'd1str1puted-over time. His approach is
~,similar.to thet of McKiliop et'ali(f980), but tbe estimates
.of Supply.elasticities varyouer‘time;'This thesis

/ .
, : /.
~incorporates some of the variables from Luppold's and
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vnéﬂcxillop et al's models to estimate supply functions.

b
—di
+ 4

apartial equilibrium

"‘a 3

. Adams %t al (1980) carried

analysis to determine.thelwe“u. o ;‘:q; of tari
quotas., Their stu@y used supply'ﬁngféemand estiny
Canadian lumber market from other studieé. They tﬂen‘
Anéiyscd the impact of an ad-valorem and a fixed tariff and
quota on equi;ib;ium and on the welfare of ptqducers and
Iconsumefs in the two markets. Boyd et al (1985) derived
démindvand supplx;elasticities for the United‘States market
using a transportatiég\ﬁoéel, Then they analysed the impaéé
of a tariff by usingadiffefent export elasticities of
‘Canadian 1umbef. Thié studyvdiffers from above studies as it
utilised estimated supply and demand elasticities for both
Canadian and United States lumberﬁmarkets and then addresses

the.impac& of'protection‘%n resultant deménd'and'supply

.schedules.

- ———
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v, lltinetion'broeedurd nnd‘Dati Collection .
A;fxntreduction'

: This chapter presents a theoretical framework for the
estimat1on of demand and supply models and techniques for
partial equ111brium analysis. It outlines the techniques
~used in est1mat1ng the.models. The latter part of the
‘chapter identifies the data ut{I;eed..Since sdmilar models

have been used for both the United States and Canadian
lumber indusﬁries, the‘discuSsion of estimation techniques

. for both countries has been combined, but data collection

for both countries have been seperated.

B. Theoretica1~Framework for Demand

Der1ved demand theory is appropriate for stuEylng the
demand for tumber in the res:dent1al construct1on 1ndustry.
Factor market theory suggests that the demand for lumber is
derived from the production functlon of the individual
builder (Mosak 1938). A resuleiﬂg_function of aggregate
market demand describes the manner in which the quantity of
lumber purchased varies as price changes within a given time
period when all other factdrs' prices\are kept constant. The
model should account for aii'the constituents viz,,
construction,firﬁs, industries and households vhich
influence the use of-lumber;’The construction industry is
the major consumer of lumber, and is influenced by lumber

e

demand. It accounted for nearly 50% of total lumber



ccoﬁsumption in United Btetes'in 1972, although declined‘to '
33x‘py 1982 (£ig. 1.4). The principal consumihgﬂsector for
the c nsumption of softwood lumber is new constrchionaj
Previo s studxes (Phelps T977 Stone & Dickerhoof 1977) have
suggested that the growth of softwood lumber 1mports is
chiefly the result of inqneaSes in home building activity
Imported and domestic luMber are assumed to be similar in
properties and grades. Moreover, there are no 51gn1f1cant
d1fferences in. bus1ness procedures, commerc1a1 laws, nor
custom forma11t1es between the bnxted States and Canada.
Indifferentiability implies that there is no seperate demand
‘ror imported lumber. o

If there exists a seperate demand’forfimported lumber,
then the-demand for imported lumber can be written -as a
. function of activity"ih residential construction, ratio of
imported and domestic prices and prices of other goods.
Model 1a has been developed,on this assumption (tablevIV.1)t
Since: the prices of imported and domest1c lumber are “

.expressed as ratios, 1t is 1mmater1a1 whether pr1ces are

_current or deflated. Model.Ia does not.reflect” substitution

or complementarity between domesticvand imported lumber. In
order to test for substitution or complementarlty between
domestic and 1mported lumber, a second model 1b, was tested

. C e
xgignificance

butvwfs rejected on the basis of an F test?

and the present incorrect signs of some of the variable
coefficients. The, study is not concerned about testing for

——

complementarity or substitution per se. Model-la was

.
¥ '
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duperior to model 1b but wvas dbnqidcrod unsuitable for/
further ahhlysis in the atudy as it does not recognize the
similarity in lumber pfoduced in the United St;tCI and
Canada which is assumed to 'be the case in the analysis. _
Secondly, it givea the elasticities of relative prices ‘which ¢
are not suitable for welfare analysis. ’
The translog model 2, based on classical hssumptions of
a monoperiodic production function, perfect competifiqﬁ in
" factor maf;ets, cost minimisation and perfect knowledge of
ghe pertinent ecoﬁbmic and technological data, is*mdr;
appropriate (Eleazor 1986). This model g1ves derived demand,
elasticities of subst1tut1on and price elastxcxtles. It also
avoxds.the identification problem due to the presence of
. demand shifters. Translog,cost'fuhctions aiong with ghg;e
equations have been estimated to obtain demand paraméiers.
§ince the assumption has been made ;hat there is no’
diﬁference between domestic and imported lumber, only one
_variable for lumber is used. It was épeéified th;t lumber
(L) along vith capital (K), labor (LA) , hardwood and
particleboard (HP), plywood (PL), and other matérials (M)
are the main variables which determine the cost of
residential construction (table IV.2). The other materials
variablé,is the agérégate otyinbuts viz., steel bars,
cement, plumbing, heating, aluminidh, bficks and clay and is
&7 based on the assumption that_§11 of the above inputs can be
aégregated. The production funct;;n therefore can be written
as: o : - .

in) . R -



Tabla Iv.2:

E3

-

b Definition of*'variables used in Demand and

Supply Models for Unltad Sta;on'and Canads

PK
- QK
PLA

QLA

PL
QL
PPl

QPL

PHP
QHP
PM
‘oM |
Hoi
PD
PM
OMT .

Qs -

o

4 .
Average quarterly home mortga e rate. Divisia

-index used as a measure of price of capital.

Average quarterly divisia quantity index of
borrowed loan for residence construction.

Averaga weekly aarning divisia index ot
special trade construction workers.

Quarterly divisia guantxty index .of number of
laborers employed in residence construction
industry. .
Aggregate d1v151a price 1ndex for softvood
lumber.

0
Aggregate divisia quantity index for. softwood
lumber. - :
Divisia price index for softwood plywood.
Divisia quantity index for softwood plywood.

Divisia price index for hardboard and
particle board.

Divisia quantity index for hardboatd and
particle board.

Aggregate divisia price index for other
material (plumbing, air conditioning, steel,
aluminium, bricks, clay and cement).
Aggregate divisia quantity index for other
materials.

Index number of new housing units.
Price indee for domestic soft-wood lumber.
Price index for impgrted softwood lumber.

Time=1 in the firét,quarter of 1970.

Quantity index of 1mported softwood lumber

from Canada.

- Quantity index of softwood lumber produaed in

the country (LQS is the logrithmic form).



"Téhle xV}z:f,ﬁ; (Contxnued)

"‘PS. - dr : Pr1ce 1ndex for softwood lumber In the“'
I : country (LPS is the logrlthmlc form).
; ) TR
PSTP - o Stumpage pr1ce 1ndex for’ roundwood logs
e (LPSTP is- the logr1thm1c form) :
S et & '
PLAW D1v151a prxce 1ndex for the laborers employed _

"‘1n saw m1ll 1ndustry (LPLAW is the log form).

bfPLAu_ o . It is one perlod lagged PLAW (LPLA is the
T o logrxthm1c form) . . o

‘SAWPR h,fl“‘ "Sawmill. product1v1ty is- the ratlo of quant1ty

‘of lumber produced and the number of laborere )

S \ employed {LSAWPR 'is’the logrithmic form).

'SWPR ~ > It is one period lagged SAQPR (LSWPR is the

SRR ‘ logr1thm1c form) N R ‘
e

-

" PFU &v“@~d“' ‘Divisia price 1ndex for ‘the fuel energy (LPFU. -
- : » i 1s the logrlthmrt form). - - . o
"PF _ . 'PF. is one. perlcd lagged %FU'TLPF ‘is. the
I logrlthm1c form) » : _
. OWS“ I %»'It is the product of the divisia prlce 1ndex‘
. . J% . of laborers ahd the dummy variable having
_value -0 during 1970 1975 and 1 dur1ng -
1976-1982. - R |
‘PMT. "i‘h | Ratlo of prlce of 1mported lumber and y" f?f
' ' o wholesale price index. T
"PDT . Ratio of the price of-. domestlc lumber and .
: : ' wholesale prlce 1ndex. . :
- LHO e Logrlthm1c form of nufiber of house startsfini“
i ~ the United States. . S
“\%EKK':nv o toun‘prlce elast1c1tyrof7cap1tal varlable..
f'ELL[‘ 1“”~Own priéefelasticity,of softwood lumber. 1
" ELALA + Own price elasticityIOf labour.c‘i
"tLEPLb : e Own price elasticity of plywood.
,fEHPP . - own pr1ce elast1c1ty ofvharddhoardfanQVa'

part1cle board
CEMM Own price elaSt?CitYJPffbther material.

; wrﬁ'.-Vhl-'ﬂ\ ‘Wholesale price index.




expla1ned earller. The productlon functxon is twice

Y=f(L LA, K, HP/ M, PL) ' . (1)

where Y is the level of resxdentxal construct1on (number of

new hous1ng starts) and L, LA, K, HP, M and PL 1nputs are as

Vi
d1fferent1able in 1nputs, trictly qua51 concave, 1ncreasanf
w1th Y and decrea51ng w1th 1nputs. It is assumed that the , ‘/
“ [ ‘
amount spent on construction is all borrowed It is alsox

- assumed that bu11d1ng contracts do not extend over a 1ong

perlod OK represents the money borrowed and PK is the pr1ce'

or mortgage,rate. D v - ‘ ///
 Decision about residential COnstruction is/dependent-on

N . . ) ‘- ; N .. ) / . .
the price of the variables considered 1n"thls/study.-1t is

" assumed thab”tbeamount‘spént on constructioz/és borrowed. It

is also assumed that building contracts do/ ot extend over a

o S . . , : / )
'plong period. QK represents the money borrowed and PK is the

‘price or mortgage rate The productlon cost of re51dent1a1

-

constructlon is the sum of expend1tures on-kE, LA K PL, HP

and M Total product1on cost from the property of dual1ty

1

fcan ‘be: wrltten as:

,c=/c(3LA,_9L, PPL, PK, PHP, PM, Y) - (2)

awhichvare respectively the prices of variables lapor;

'1ﬁmber,dcapitai;’hardboard-particleboard; plywood, other

- materials and Y is the number new housing starts. The

functzon conforms to the propertles exp1a1ned earlier: /

' The der1ved demand for 1nputs can be obtalned from

| Shephard s lamma as:

-;xi=ac/api

&
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whé‘re‘xi is the demand for the ith input. This derivative is
: veryhgeheral and does not prbvide'releyant information about

production technology. Economic theory provides little
information about selecting appropriate functional forms.
'Therefore, selectlon of an appropr1ate funct1on becomes an

emp1r1ca1 problem. A nonhomothet1c translog cost function

(eqn. 20 of chapter 33 provldes a framewérk for test1ng the

perfect competltlon, once dlffer 'uated w1th respect to

1nput prices, y1elds an 1nput shareﬁéemand equatlon (eqn. 21,

of chapter3) Homothetic" model 3 and nonhomothetlc neutral
i{

mddel 4 nést within the nonhomothet1C'model 2, Therefore,

"

'different hypothesis tests help in gettlng/the approprlate“

model. N - - Y

In this study, the derived demand functlon for lumber
~h&s=been—obta1ned by u81ng parametrlc estimates of the

translog cost function and share equations. Nonhomothetzc

" model 2 for six 1nputs and a 51ngle output can: be written 1n

stochastic form as: o L y
;nCaqo + ZiailnP + (1/2)2 ZJaljlnP lnPJ + aq an.f
(1/2)a (an)’ + ZiaiQ_lnpi.an + (1/22 @y, (T)"+
Qt T an + Z 9 lnP T +‘atT_

for 1,3-1 2,....,n 1#3 where P represents the pridé-of

| factors(1(1=1t2,.,n)
. )

Si=a;f' Zjali ]rnPJ Q 1nQ + 6

for i=1,2,...,0 where §,=P.X, /(Z P.X, ) and X, as given in

-~



‘,,95;.;a;ff
eqn.‘(20) of Chapter 3.

Time variable, T, serves as a ﬁroky for technical
chanqe.gThe disturbance term accoudts for‘errors in -
optlmizing behaviour of the 1ndustry. Errors 1se from’
‘industry's 1nab111ty to operate at all tlmes along a/cost
minlmlsing expansxon path dye to changing relative factor
prices and bnilding regulations (Eleazor 1986). The non
homothetic translog cost function, on difterentiation with
respect to 1nput prlces, gives respectivé shares wh1ch can
_be written as above. Since the sum .of the shares of each
~input adds.to 1, it xs l1ke1y that error terms of share |
equations are.correlated and add to 0. resulting in |
‘singularity of the variance—covariance matrix of error
terms:.lt is, therefore, necessary to drop one share‘ J

(Y )
equation in estimating the‘model using the cost‘function and///';_

share equatlons. Such a system in wh1ch equatlons are : //_
T

related through the dlsturbance terms is called seem1ngly/
unrelated. regre551on model Zellener' 's two- stage procedute
f1s not 1nvar1ant wlth respect to the deletlon of any '

. equatlon (Zellener 1962). Maximum llkellhood and 1terat1ve
Zellener estlmatlons are the technlques giving est1dates |
which are invariant to the deleted equatlon (Kmenta 1968)
The iterating Zéllener procedure,rleadlng to convergence, is
computatlonally an eff1c1ent method“of obta1n1ng maximum
1£kel1hood estlmates that are invarianf to the deleted .
equation.’ ' -
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The cost functxon 1nvolves more parameters than share
equet1ons. Therefore, £or suf£1c1ent degrees of freedom, 1t
1s necessary to have more observat;ons for*est1mat;ng-the
cost functxon alone us1ng»ordinary‘1east sgmares.\WitH fewer
observatlons it is better ‘to use share eguations only (Taher
1983) However, the est1mates are not expla1ned consistently‘

and 1ncomplete 1nformat1on\es prov1ded.vEst1matlon of the

‘cost” function and share equat;\ns jo;jf?fg;*
suffzcxent degrees of freedom and g\ves ef¥1c1ent estlmates.

Coff1c1ehts of translog models can\Be\est1mated :

. ) .

'directly‘by using ordinary least square~(Klotz et‘al 1980)."

\\

ance translog cost funct;ons have a large number of \\

.

regressors 1nvolv1ng second order terms, est1mat10n of cost‘\
functions alone will 1§bolzs a . risk of multlcollrnearlty |
(Slngh et al 1986b) Th1s problem can be overcbme by
estlmatlng share equatxons alone as a multlvarlate ’
regre551on»system‘assum1ng constant~returns to_scale} ice.,
QQ-O (Berndt & Sav1n 1975 Fuss 1977). This,.however,:
1mposes restrlctlons on technology. It therefore becomes
more appropr1ate to estr\\te a cost ‘function and share

equatlons ]01nt1y as a mult1var1ate regress1on system

(Chr1stensen et &l 1956) Thus, the above equat1ons

4
o

‘ comprzs1ng model 2 were utilised 301ntly ‘to determ1ne

appropr1ate characterstlcs underlylng the technology and

der1ve demand for lumber. This approach perm}ts\est1matlon

: by ord1nary least squares (OLS) resulting in efficient

P ,
est1mates. It also lessens thelproblem of mult1coll1near1ty ‘



" and increasesrthe degrees of freedom without‘adding
i unrestricted regres51on coefficients. it'has'heen‘assUmed‘
that the error terms in the cost function and share
'5‘ equations are homoscedastic and nonautocorrelated There is
non ‘zero correlation between contemporaneous error terms
r& ,across equations and the varlance covariance matrix of fhe 3
,‘ error terms is non diagonal (Singh et al 1986a) The |
1terat1ve Zellener procedure vas performed on the cost
function‘and remaining share'equations. The'preSence'of non
'*linear combinations ‘of elast1c1ties to be estimé@éd in the
vregress1on spec1f1cation and in the 1mposed restrictxon
’ necessiates the use of -the iterative procedure (Barten
1 1964). The implied parametersbestimates for the omitted
share equation can be estlmated dlrectly from the.estimated T
parameters of remaining five equations. | . =
A cost minimlslng 1ndustry is assumed to determine
51multaneously the optimum combination of 1nputs rather than
treat each 1nput seperately in minimising costs . subject to
:1nput prices and output 1evels. The difference results in
two dlfferent ‘models, nonhomothetic‘and homothetic, The
constructioniindustry is notfstatic.ahd undergoes changes
i through input substitution.vThe input substitution leading
to a bias fdr one’input due to reiative price changes is
known . as technological change. A nonhomothetic model can be
tested statistically using the hypothe51s and restrictions
expia1ned earl;er for selecting the»appropr1ate model, if
. the construction industry:is-homothetic or'neutral in

A .
.
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| technological change, then estxmates obtained from the
nonhomothetlc model 2 will be biased. The approprxate ‘model
.can be obtained by testlng the- approx1mate nested model 2 ¢
£1rst for homothet1c1ty and then for techn;cal change. . The,
test is carried out from the unrestlcted to the most
restricted model, which is referred to as 1ncreasing order
~of restr1ct1on (Rockel et al, 1982) il ' ‘
. Non homothetic model 2 was tested for appropriateneSs;
'of model '3, homothet1c and homogeneous. The accepted model
was then tested for technolog1cal change. Test1ng of the
models involve linear restr1ct1ons. Homothetxc and |
homogen1ty testo 1nvolve 1ndependant restr1ct1ons, whereas
technologlcai dhqnges can be tested by 6,,=0. Since these
tests 1nvolve lznear restrictions, the lxkellhood ratlo test
was emplojed. Given that the‘restr1ct1ons are normally'
distributed wtth mean vector zero, the likelihood ratio can
be written as: ‘ | |
-2log A =log(Mlu)-log(M1r5 —_ B (3)
ﬁlu is the maximum likelihood value.of the'unrestricted
model and Mlr the restricted ‘model. Under the null
hypothes1s test -Zlog A represents an assymptotlc ch1 square
distribution in vh1ch the number of restr1ct1ons represents
the degrees‘of freedom. The null hypothesis'is accepted if
the calculated chi square ds less‘than'the'critical Value.
The accepted model is then used to est1mate the derived '
.demand wlth estimates of own-price elast1c1tes cross pr1ce

elast1c1t1es and~elast1c1t1es of substxtut1on.

&
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:C. Theoreticilnrramework for Supply ﬁodqll{

In a linear relationship the coefficients will
represent ceteris paribus efrects by independant variables
if the relationship containS'afcomplete set of such
.variables-affecting the dependent one. Earlier studies -
estimated aggregate demand elast1c1t1es by a procedure

~consistent thh econom1c theory. The elasticity oi—supply of
1mports was. taken to be 1nf1n1te. In reality it is not so.
Therefore, this study'involves determinon of supply

' elast1c1ty estimates for both countr1es. A supply model for

-~‘—the lumber 1ndustr1es in the United States and Canada have
'been cons1dered Supply behaviour 1n 1nternat10na1 trade is

: d1ff1cult ‘to capture emp1r1cally. Goldsteln and Khan (1978)
and Dunnlevy (1980) used simultaneous equatron estimation
teehnigues to estimate supplyJﬁghaviour. Haynes et al (1980)
-indicated that aggregate supply is a supply price and supply
vquantlty formulatxon. This study, however, is concerned with
excess demand to determine.the demand for'imports from ..

"Canada and excess supply in the Canadian market to analyse
'equilibrium price. It, 'therefore, does not involve directly
the est1mat1on of export supply. The estlmates of supply—and
demand elast1c1t1es in both markets areﬁneeded to meet the
objectxves of determ1ning welfare changes in both markets as

‘a result_of protective measures by the United States, on
imports from,Canada. | | |

i
i N

Model specification is very important for unbiased

est1mat1on. Exclus1on of any variable results in bzased
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"coefficients and increased standard errors. Industry

produces lumber based on the price of lumber and the price

epf inputs Viz., roundwood, labor, fuel energy. The study

involves a model based on the cost minimising property of
industry and involves variables lumber priee, price'of |
labor, fuel energy, stumpage,‘end sawmill productivity.
Quantlty supplied is a functzon of the price of lumber and
the price of all of th:lJ;rrubles involved in product1on.
These variables fully explaxn the productlon behaviour of
producers. The productzon of lumber involves some lag )
between .initial dec1s1ons and actual productzon.oProducers “;
basegthe1r decisions on present prices. Therefore, in the |
study, lagged przces of labor, stumpage, fuel energy, and
sawmill product1v1ty are considered. A time variable (T) is
included to remove some of the trend that may otherwise be
pitked up by lagged variables. Inclusion of T variable also
helped in testing for technolqgical changes in the industry
during the perfod under consideration.

Serial correlation is commonly encountered in time
series data.-sefial‘correlation among residuals of en -
equatidn results in unbiased coefficient»estimates'but leads
to underestimates of true variances. The Durbin Watson test
is used to detect the presence of ;utocorrelatiqn. Another
potential problem is hulticollinedﬁity or high correlatidn |

between two or more independant variables giving unbiased

‘coefficient estimates but inflated standard errdfs; McKillop

- et al (1980) also considered-labor, fuel energy, sawmill
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also considered s1m11at var1ab1es except th;twﬁe included
one variable.to account for a sh1ft in the wage rate
elasticity. He 1nteracted the wage rate with a dummy
variable having values 0 or 1 for certain pefiods. This
study considered qodels used by’Mcﬁillop et al (1980) and
Luppold (1984). |

1f two variables in the model are cdilihear, theﬁ it
becomes difficult; if not impossible, to disentangie their
seperate inflﬁénces and obtain reasonably precise estimates
of theif relative effects. Since this study is not coﬁcerned
with ahalysing the wage rate elasticity shift, the model
used g} McKillop et al (1980) was found more appropriate.u
Facter analysis was carried out to determine the importance
of each var1ablg Mu1t1r 'iqearity, if present, cannot be
»removed completéI;’but can be reduced. Mult1coll1near1ty can
be detected through the examination of the simple
correlation coefficient matrix or the variance -inflation
 factor (VIF). The varianée infiation factor can be . - ) (
calculated’by regressing each variable on other explanatory
Qariables using following formula: | |

VIF(%;) = (TSS(X;) X Var(b;))/o* (4).

where TSS(X ) is the tatal sum of squares of reszduals

obtajned by regressng variable xi on rest of the X
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© (2sLS), three-stage least squares (3SLS) and limited

variables, Var(bi) is the variance of coefficient of xi
obtained from the original equat;on, i.e., by regressing the
dependant variable on all explapetory variables (X's) end g?
is the variance estimates of the.original regression

equation. If the variance inflation factor is greater than

10, then the variable is strongly collinear‘and

multicolinearity needs reduction. y |

Ordinary least squares (OLS), two-stage least sqeqres
information maximum iikelihood'(LIML) estimation techniques
are employed. OLS estimation often serves as an’appropriete'
technidue for single equation(models. 1t does not prove
appropriate for mpltivariate systems of equations. OLS gives
biased estimatee of‘emallest variance. 2SLS estimation has
the second smallest variance, but prov1des conszstent -
estimates. 2SLS also shows little sensitivity to the proSlemv
of multicollinearity.,BSLé estimation out performs these
tvo. The LIML technique gives unstable estimates (Mills et
al 1974). McK1llop et al (1980) used 2SLS est1mat1on, g

whereas Luppold (1984) used ‘OLS. Unbxased estimates are

‘neither unequivocally bette:‘th‘an biased estimates nor are

their consistent estlmajes necessar1ly better than |
1ncons1stent ones., OLS est1matesoare biased if varxables are
omitted from the model unless coefficients associated with
omitted variables are zero. Therefore, if the model is
carefully constructed and involves ali of the variables,

then, because of less variance, OLS is a good estimation
_ . e
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technique. The study, therefore, utilises OLS for

egstimation, .

- 3y carrylng out regression of the same

¥g per ods, 1961 69 and 1970-82. The Chow test

Onvey 1mpor ant 1nformatlon. This study has cons1dered‘
the perlod fromM970 to 1982, a perxod when prices of lumber
showed sharp 1ncrease§ followed by a decline< Collection of

data for each of the ;3?T33IE§‘TaEntff<;;/2:;;d no prblem.
Quarterly data were con51dered as they prov1de greatér ' .
‘degrees of freedom and more information than anntal data.

Monthly data are useful if decision makers are concerned

about short-term decisions. However, long-term decisions are-

Y

-~
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of ‘greatest importance in this utudj. Puqthormore, monthly.

data introduce compiications;due to segsotal fluctuations

| (Buongiorno et al 1979). Data tor both demand and supply \

models were collected from published reports by the United

‘States government. Since baee years for price indexes of

each variable are different, price indexes for all of the.
variables were cqnberted to the same base year. To avoid
large differences among minimum and maximum valugs} the base

year for deriving divisia iqﬁexes is taken as 1975.

Demand Model
Quarterly data covering the period 1970-1982 were

collected ftom a number of statistical reports by the U.S.

‘Department of Ccommerce (U.S. General Imporés Fon

Consumption Sahedule A Commod ity by Country, Constructiqg

Revliew and §urvey Of Current Business) and the U.S.

Department of Labor (Producer Prices and Price Indexes).

‘ Rockel et al (1982) obtained price data'for”inputs from -

building material dealers and wages fromfconstruction
' |
contractors and building trade associations. Since it was

not poséible to collect such data for both countries given.
time constraihts, the study dépedded mainly on published
data by the United States government,

Coliection of data on,pgices of inputs._is not a problem
P : ‘ (

but information on quantities of each variable consumed in

ial construction is not available. This was the
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aldng vith the cost function to oltiiatn‘thoir modil
.coefticients. This study has derived shares for cach

variable by estimating the quantity of each variablo on thc D
basﬁf of some assumptions. Like Fleazor (1986), thts atuq¥
also assumed that the total cost of residential construction
is composed of the exﬁendftdre of labor; lumber, capital,
plywood, hafdboaid-porticlepoard and other materials. This
study'differsvfrom Eleazor (1986) in that he assumed that
shipment quantities equalled tonsumed quantitie:;in
réﬁidential constfuction. This assumption is highly
un&ealistic‘as is evident from fig 1.3 whiéh}shows that -
lumber conSumption in 1982 is only about 32% of total
consumptiqp.

f~~ In this study the total quantities of shipment of each
variable are collected from st;tistical reports. The
information on proportion of”shipmenéé going to residential
construction is collected from published. reports to .
determine the quantities consumed. Pitcher (1977) reported
that 43% of output of the brick industry and 23% of output
of the clay industry goes to res1dent1al construction. The
residential construction industry accounts fbr 40% of ready
mixed concrete. Prices of concrete mix represent input costs
for‘cement and reinforcing bars. The residentialA,
construction industry'accounts for nearly 33% of lumber and
27% each of blywodé and hardﬁoard—particleboard (Robe;ts et

al 1985). It was assumed-that the residential construction

industry -accounts for nearl§.40x of the shipments of other
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‘materialsﬁ.Other‘materialS'include steel,'bricks;_clay,

S TR e o
‘aluminium,fplumblng and heat1ng, cement»and re1nforc1ngv-v

'.ffbars. The quantzty of shlpments of plumblng, br1cks, clay

",and cement were collected from constructlon rev1ews and the
shlpments of the rest of the constltuents was collected from
}'the U S Depattment of Commerce (Survey of Current
".é%slness).;~, :
‘The 1nformat1on on labor is collected from the U.S.
ﬁTDepartment of Commerce (thstruction Review) . Spec1al trade
“'laborers 1nclude those who are 1nvolved 1n plumbing and ; f'g‘V
jpheatlng, palntlng, brlck vork and darpentry. ‘The - average'vl |
J-fweekly earn1ngs of: spec1al trade laborers 1s collected from

lﬁthe U.s. Department og)Commerce (Constructlon ReVIew ). The
‘hnumber of. laborers employed in re51dent1al construcﬁfgn is
: collected from the u.S. Department of Commerce (Sunvey of
>1Curnent Business) . fi5{,>' | o

| S1nce the total consum@txon of lumber in® re51dent1alv

wconstructlon 1ncludes both domestlc and 1mported lumber,_the

o

dquantlty of consumptlon of ma1n spec1es llke southern yellowv

'11‘p1ne (SXP) spruce, p1ne and fir (SPF) and Douglas fir were .

’1ncluded in. the study. The quantlty of. lumber consumed in v
fres1dent1al construct1on is determ1ned by tak1ng 33% of

‘ total lumber consumed) The volume of shipments 1s éollected

) from the u. S - Department of Commerce (Cons%r“ctlon ReVIew

15and Survey of CUPPent Busrness) The pr1ce 1ndexes for these o
9 _

: spec1es are collected from the U S Department of Commerce

2

'(Construction Rev:ew) and the u.s. Department of Labor
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;(Pnoducen Pnices and Price*?ndexéh)ﬁ Since these 1umber'

: spec1es are strongly correlated wlth'each other, aggregate
qguantity and pr1ce 1ndexes neé&d to be estlmated. Rockel et"
al &198;) est1mated a-correlatlon value of 0.99 for .these
‘lumber speciesiand'therefore, they estimated an aggregate
varlable assumﬁng that lumber spec1es can be aggregated

In th1s study also 51m11ar assumpt1cus|.ﬁﬁamade and
aggregate price and quant1t1es for lumber are est1mated The;
quantlty and price indexes for plywood and | .
hardboardfpartlcle board are collected$from theOU.S.

L | mDbpartment ofnCommerce (Construct ion Réview).'since the

'quantity consumed in residential construction is only 27% of
total_shipments} the quantity of both variables COnsumed\is ,
: determined by multiplying total guantity‘consumed by 0. 27h
The cost of capital borrowed for construct1on is also‘
1ncluded as a varlable Mortgage rates affect re51dent1a1
K y - constructlon act1v1ty. Rockel et al (1982) did not consider
G this variable but since it‘is inCIUdedhin constructiond
; costs, this study has included 1t as a varible. The 1nterest
pa1d on loans 1s taken as the prlce of the variable." The |
qmortgage rate and the amount of borrowed money is collected ’
ufrom.the U.S. Department.of Commerce (Survey of CUPFent |
Business) . ’: | | |
"Rockel et al (1982) ‘used theVBoeckh cost indexhksince
thlS study 1nvolves share equatlons, the‘same cost index
cannot be used The cost index 1s der1ved from the sum of

the expendltures (prlce X quantlty) for each varlable. The
. s
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share‘of each wvariable is then determined. It was assumed
!that the cost of any missing.variable will be reflected in
- the disturbance.term. Since‘thls studf involves variables
with d1fferent units of measurement, rndexes for prlce and
v quantity are constructed using the d1v151a 1ndex protedure
(see Diewert 1976 1978) | |
The total number of hou51ng starts 1n each quarter is
.considered as the output varlable. All of these variables
vere cons1dered in est1mat1ng models 2 to 4, but ‘data for )
model 1a and 1b for the quantity of lumber imported are
iobtalned from the U.S. Department of Commerce SUS General
Impor'ts. Schedule A, Commodnty by Country) The price index
for 1mported lumber is: obtalned from §tatlst1cs Canada |
(catalog. 62007). The domestlc price index is obtained from
the U.S. Department of Commerce (Constr'uctron Rev:ew). The
divisia 1ndexes for pr1ce and quantity are der1ved herein |
~using prlces and quant1t1es of imported lumber in a same

fanner as for domestlc lumber. Parameters for the-models are -

estimated using ordinary least squares.

Supply/Model — ,~-,l
Data for the supply models are collected from dlfferent
publlshed Unlted States government reports. Qua t1t1es of ~
‘lumber produced and pr1ce 1ndexes are obtalned from the U.S.
'Department of Commerce (Survey of Current BUSIness) |
Stumpage prlce (current~dollars) of southern yellow p1ne,

Douglas fir and_ponderosa p1ne 1s‘obta1ned from Ulrich -

12



(1984) Pr1ce indexes for fuel energy are obtalned from
producer price 1ndexes of all the above species. Divisia
indexes for stumpage pr1ce and roundwood quantltleS'are
obtained. The divisia index for lumber price and quantity -
‘areQOBéained in the same manner. Price indexes for fuel
energy are obta1ned from the U.S. Department of Labor'
(Producer Pr ices: aﬁa Pr ic@ I ndexes)

Wages paid and number of laborers employedrin sawmills ¢
,are‘from theﬂUns, Bureau ofuLabor~Statistjcs,'éawmill g
‘productivity is measured by the ratio of quantity of lunbef
produced and number of labofers employed in sawmills. Since”
supply decisions generally‘lnvolve eome time.lag, a;lagged
wage 1ndex, a stumpage price 1ndex and sawmill product1v1ty
are generated. Luppold (1984) haS"cons1dered a lagged
- dependant var1able as an explanatory variable to account for
"habit formatlon and stock collection. Slnce a lagged sawm1ll
'.product1v1ty variable yﬁgﬁnvolved, which' 1s the ratio of = ¢
lagged quantlty and ‘the lagged number of laborers, this

study does not consider a seperage lagged variable of_

'qUantiEy produced as an explanatory variable.

E. Data Collection for Canada

The same relat1onsh1ps perta1n1ng to'data £ollect1on
for estimation purposes dlscussed for the Unlted States
apply to Canada as well The qua;terly data time ser;es
'perlod for the demand models is tpe same as. for the Un1ted

'_States. However the supply models gor Canada use annual time

~



AT e O B el o 1
Wil g outhed
3 B N
wni

series data for 1961-82 because of the'unavailability of
-Q@arterly data. Data are collected from published reports by

Statistics Canada. Price 1ndexes for d1£ferent var1apdes aref

’w‘i
avaniable quarterly but quant1t1es are g1ven annually Since

~ the number of housxng starts are available annually as well»

’as quarterly, the quant1ty of each var1able consumed for

each quarter in the resxdentlal 1ndustry is estimated from '

" annual data by convertlng'lt proportlonatly to the quarterly

number of hous1ng starts relative to total hou51ng starts 1n
that year i.e., ‘ "l L :

- Quant1ty of a variable in a given fear = Quantlty of

the variable shlpped during the same year tlmes the/

i | number;of hou51ng‘starts in that same quarter
'divided by‘the tofal number of houSing starts in'b'
"that same year. | |
PrLce 1ndexes and quant1t1es for the maln lumber o
spec1es, Douglas fir, spruce, p1ne and other f1r were
collected from Stat1s1cs Canada (cat. 35204) Since lumber

species are strongly correlated thh one another, as

'1nd1cated by»the covarlances, aggregate'prlce and quantity

1ndexes are estlmated Since nearly 23% of total consumptlon

~goes to re51dent1al construct1on—1n Canada (Roberts et al

1985) the total quant1ty of each lumber spec1esaconsumed in

P

e iy

res1dent1al construct1on 1s obtained by. mult1ply1n§ the
total sh1pment by 0.23. Before calculatlng the d1v151a

‘1ndexes, quant1t1es consumed in each gquarter are determ1ned

The information on the number of new houses constructed

et e T e T N L e e st i s e R s e el bR v e et i sl
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annually and in each quarter is obtained from the Canadian
Mortgage and Housing-Corporation (Houslng Stat ist Ics, 1984).
From the pr1ce index of hou51ng starts and the number of /
hous1ng starts, quantlty and pr1ce d1v1s1a .indexes of
housxng starts is esglmated. Since the total expend1turev.‘

~incurred on houses is‘maiﬁly from bérroﬂed.money; the 3
‘expend1ture on re51dent1al construct1on 1s used as a measure:
of the quantity of cap1tal input. Mortgage rates are used as
the prices of capital and are obtained from the Canad1an :
Mortgage Hoﬁéing:Corpérétion,(Housing Statlstlcsl1984).
ﬁearly 27%_6f panel products consumed goes to
'residential éodstruction (Roberts ét al-1985) Tﬁerefore,
.the quantity of. plywood and hardboard- part1cleboard consumed

- in res1dent1al construction is obtained by multlplylng the i
totaliconsumptlon of both products by,0.27. The prlce ‘
inaéxeS»fbr both products were obtained from Statstics -
Canada (cat; 62007) and thei;:quantities frohiSté;istics
Canada (Eétr 35206 and 3500;). Diviéia'indexes'bf price and ‘—' 

" quantity for both products are determined. The main tb‘rob‘mi -
faced is gStimation»of guantities of constituents éf other

~materials. Price indexes féx aluminium, b;icks, clay, \

fcgment;.plumbing and.aircondi}ioning.and réinforced ba:;,are |
obtained from StatistiCS'Cénadé (cat. 62007, 44001, 44218, |
44215, 41006 & 412155. Quantities “of each variable going‘to
thé residential construction industry are not available. For
somevvariables'(bars,Lcement, clay, brick, plumbing and air

conditioning), quantitiés~cgnsumed are. not available, but

0 . : ) .
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total expend1tures are. %sing expenditure and pr1ce, d1v1sza
indexes for price and‘guant1ty are estimated.

Pr1ce 1ndexes and quant1t1es 6f labor are obta1ned from f
StetiStxcs Canada (cat.64201). Moreover, tlhie expenditure on
.1abor'acebunts"for 40% of'toral eipenditures on residential
cbnstruction(Sratistics‘Caneda,‘cet. 64201), Divisga ‘
indexes'for nriee‘and qUantity of labor are estimated using
expend1tures. As in the case of demand models for the inted
AStates, these var1ables were used tb estlmate translog

' models 2 to 4 (Table IV.1).

. o . P

VSupply Model .
It was not p0551ble ‘to get quarterly data for
explanatery var1ab1es 11ke roundwood, sawmill productivityy
laborer QEge rate and pride of fuel energy; Since the test
-for‘technolegical change, and the Chew ;eet require more.
degrees of freedom than the annual data for the period
1970-1982 can prov1de, the per1od covered for supply model
1s 1961 82. The Chow test requlred regress1ons u51ng the of
same’ varlables covering the sample periods 1961-69,
1970-1982 and 1961-82. Pr1ce.1ndexes and quantities for the
same lumber spe&ies, as mentidnedrgariier, are obtained from
Statlstlcs Canada (cat. 35204) Priee’and quantiry”for fuel
energy is obtained from Statistics Canada (cat. 62007 and
35204) Stumpage price and_guantlty of roundwood Q;L
L e obtained from Statistics Canada (cat: 35204). Number of

laborers employed and wages paid in the sawmillnlndustry are

S



also obtained from Statistics Canada (cai. 35204). Divisia

» indexes of pricés and quantities fer each variable are

der;ved as exp1a1ned earller.rSawm1ll prod?ctiv1ty is the

~ratio of quantity produced and laborers employed A time

var1able is included to test for technolog1cax changes.
Ekplanatory var1ab1es are then regressed with ‘the dependant

variable to est1mate parameters of the supply model .,

F. Estzmat1on and Data for Trade Analys1s
M/Adams et al (1980) estlmated the effect of tariff and
quota on imports from Canada. They assumed that Canadian

lumber demand 1s‘perfectly ‘inelastic, and then, using

_estimated elasticities of demand and supply, plotted demand

and supply curves for the United States and Canadian

.markets. They then carried out partial equilibrium analysis.

" This study considered partial equilibfium analysis as an

approprlate approach for analys1ng the Un1ted State's and

" Canadian markets in the presence of prptectlon, UL ‘\agas

et al (1980), however, this°study utilised the et .mater

“ _ R I
elasticities of demand and supply for both markeua. Demar.3

- and supply 1n each market is estimated by ut1l1s1ng 1re

relat1onsh1p-‘

LO= LA + eLP + U T o (5)
‘where LP is the logr1thm1c form of price and LQ is the

 logrithmic form of quantity supplied or demanded.ﬂLA is the

.

constant term, e is the elasticity of demand or supply with

!

the usual signs and U is the error term. The abbve»telation'

e

v ) o ©
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can be written as:
| LQ= LA + e LP | o T (e)
where, LQ is Ehe.logri%hmic form of mean Qalue and LP is the °
‘logrithmic_ﬁprm of mean price. At mean values the above
relationship will have an error term equal to zeto. LA,
determined from thiS'rélatiOnship; iS“put‘into equation (5)
to estimate the quéhtity demanded at différent prices; The
 estimated values will differ from actual values and the
difference will be minimum at the meahs. The difference is
due to the fact that elasticities are estimated along with
other variables, whereas in equation (5), only one variable,
price is considered._Thé prite’of lumber in the Canadian
market is obtained from the Canadian Forestry Service
(Forestry Statistics 1985). The quantify supplied and
revenue realised are given in this publication and are used
to determine price. Composite'iﬁmber érices in thé.United'
 States are obtained from annual issues of Random Length. In
‘this ;nalysis the prices are in United States dollars.
The‘estimated‘demand and supply data'for'both markets
are plottedhénd a bést fit is selected. At equilibrium |
price, démand gnd supply will balance each other.
'Equilibrium‘pfice'in the United States is highér than
ééuilibrium pfice in the Canadian market. At any price above
the equilibrium price in Canada there exists exéeszsUpply
forlexppft,vwhereas, at any price below equilibrium price in
the United staﬁes there exists an excess demand. Exéess

demand. and excess supply for different price levels are

-

I
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estimg;ed. These values are plotted and the best fits
reptesentihg excess demand and excess supply curves are
selected. The équilibrium prices agsociated with these
curves are those at the point wﬁere excess supply equals .
excess demand. These values are between eqﬁilibrium prices
in the United States and Canadian markets. This trade model
was then-used to analyse tariff and quota effects.

In spatial partial equilibrium the excess demand and
excess sugply will bé affected by tariff ér non taf{ff
barriers. In this non spatial partial equilibrium analysis
excess supply will be Sffeéted. A fixed tariff will be just
an addition to the pricéiof impdrted lumber, Therefore, the
excess supply curve wili shift in a parallel fashion XSee
Kreiniﬁ 1983 and Ulbrich 1983). An adfvalorem-tariff will
make proportionate additiohs to the ﬁ?iCe of imported
lumber, but the excess supply curve willhnoi now shift in a
parallel fashion. The tariff will afééct'imports and thus
consumers' and producers' surpluses. This stud§ analyses the
changes in producers' and consumers'-Surpluses in both
markets.‘If analyses the impact of a 10%, 15% and 20% tariff
_impositions. The fixed tariff of 10%, 15% and 20% is
considered is on equilibrium prices. This study also
estimates the revenue thch the United States government
will realize from the imposition of these rest:ictidns.»lt
contains an analysis of the impact of limiting the imports
of lumbef'from Canada to 10LB fbm. The study then analyses

the changes in producers' and consumers' surpluses. The
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results obtained from this analysis are given in the next
chapter.
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V. Empirical Results of the Analysis

Empirical procedures for estimating lumber demand and supply’
models for Canada and United States and'non-spatial, partiai
-equilibrium analysis under different protection measures by o
the Uni;éd States ‘are discussed in the prévious chapters.
Estimates of demand and supply“price elasticities‘help in
determining éxcesshsuﬁply in the Canadigﬁ 1umber market and
excess demand in the United Statés 1umbef\market. Theée
estimates are vital in assess1ng alternatlve ;rade and
related policies. Results obtained from partial equ111br1um
analysis can help in formulating domestlc demand and supp;y \
© policies in Canada in the event of protection measures by ‘>
the UnitedﬂStates, Since tariff‘and non-tariff barriers have s
different welfare effects on producers and consumers of
imposing:countries, estimates in th1s study w111 help 1n
 formu1at1ng pollcy for protection measures. banad1an lumber -

- producers and consumers.are also affected. T erefore, the

Canadian government also will get information to formulate

policy about timber supply and, in turn, annual allowable

cut. Besides these items, results of this study provide
ideas'about the relationships among different inputs in v
residential construction and the sawmill indugtries in ngE/J

" Results of demand and supply model estimation for both
"countr1es are discussed seperately in succeeding subsect1ons

of this chapter. These sections are then followed by a

section on the results of different protection measures.

121
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A. Models for the Bnitod States

Results of empirical estimation of demand and supply
models are discussed seperately. The first subsection
focuses on the demand model. It is followed by a subsection
on the supply model. A discussion on tests for biased
téchnological chihée for the'selected most appropriate model
' are examined in Appendix 7. Priée and quantity data used in
.the estimation of demand ;odels are given in Appendices 1
~and 2; whereas data used for estimation of supply model are
given in Appendix 5. w | ) /
Demand Medels B ) N :
| Models 1a and 1b are the models as defined in fable

I1V.1 and were used to estimate import demand. The results

obtained from these ﬁ;deLs are given below:

la  L(PP/PM)  SLHO - INT. SSE R?
-0.5600 0.4100 -0.1840 1.5308 - 0.5634
Ib L(PD/W)  LHO. INT. L(PM/W)  SSE R*

0.6730 -0.1750 0.2050 0.2360 2.3696 0.3508
Model 1a poses no problem as the coefficients for variables
housing starts and ratio of imported and'domestic lumber
:prjces have the proper signﬁ. Model 1b is estimated-tb
determine complementary or substitution effects between
‘ domestic and imported lumber. The problém encountéred with'
model 1b is that variable coefficients for L(PM/W) and LHC
do not héve-proper signs. This may be par£1y'due to ‘

multicollinearity between similar variables,~dqmestic and



a

‘an@=does not pose identification problems. Mogzl 2

imported lumber. Model 1a‘with variabie coefficients with
proper signs is more appropriate for estimating ‘the demand
for imported lumber. This study is concerned not only with..
demand for imported-lumber but with the impact of tariff as
well. Models 1a and 1b cannot assist in analysing the |
impacts of protection measures. Therefdre,~£or further
analy513q§hese models are not considered,

The translog function was consxdeted more appropr1ate
(nonhomothetik non neutral), Model 3 (homothetic and
homogeneéus).and model 4 (nonhomothetic neutralj-vere
estimated. Data us;d to estimate these model's parameters

are given in Appendices 1 & 2.

The total cost of construction is given by the sum of /

the‘expenditureé assocjated with each variable i.e., IPQ.
The share of ea@h variable in total expénQiture has not
remalned constant overtzme. It has declined since 1972 in
the case of lumbenlfTable V. 1) The shurq of

hardboard part1cleboard and other matet1als ave incr;ased.

-

The nonhomdéthetic model 2 was estimated inNially and

models 3 and 4 were derived by squecting the non homo hetié

-model 2 to different restrictive hypotheses. Alternatit&

models 3 & 4, enumerated in chapter 4 and discussed in
/
chapter 3, were, therefore, est1mated alongwith model 2.

Parameter estimate results for the different variables
are given in table V.2, The t-ratio fbg each variable

[

obtained is given in table V.3. Likelihgka ratio tests are
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 Table V.2:

s

Average Cost quction and Pérameter

"Estimates for Residential Construction :nthe

United States, 1970-1982

‘Coegfi¢ients" Model 2 - Model 3
€ 1.3349 11,3064 }
o . 0.3682°  0.3831° . .0.2536
0 -0.3910 RS '—_q.@ooo
ay 0.0172. 0.0181 -0.0015
agy 10.0001 ' 0.0007 | -
ag . 0.3261 . 0.3900 ‘ o 3494
@y $-0.9896 '1f3200 N 2178
. 0.1730 - 0.2285 0.1250
%L 0.4711 o 0.3324 . 0.4086
ayp -0.1718 ©  0.2000 ~0.4051
ey, 0.1913 '0.1649 ~ 0.3088
- 0.0947» - 0.0963 0,0943
EALA 0.1376. .~ 0.1635 L 0.1974 |
o A 0.0776 0.0741 0.8030 -
PLL 0.0899 | 0.1137 : 0.1048»‘
ppp 0.1151 - 0. 0993§ 0.1225
Uy 0.1263 »‘  001325 0.1356
Xpra -0.0210 ;-0.2300 o $-0.0215
KE. -0.9197_ . t0.1300 -0.0195’
apr, ~0.0670 <f°'°4105» | »—Q.ozso
ARHP —0.0184 *0.237O>//~‘1 ;:0.01&2
e -0.0189 . o.op;g'.' | -0.Q184

-
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Table -V.'2:.J (Continued) e
o | v » ™ )
& pr ~0.0060 0.0203 0.0330
& up -0.0234 -0.1340 . -0.020 .
- -0.0254 ~0.0340 ~ -0.0142
oA -0.0086 0.0385 -0.0320
aapL -0.0439 -0.0900 -0.1080
O -0.0216 . ~0.0300 -0.3850
o am -0.0420 -0.0640 ~0.0670
- ~0.0176 -0.0900 ~0.0793
epr. -0.0084 ~0.0080 ~0.0030
- > -0.0313 -0.0310 -0.0250
o 0.04831 - 0.0141
brag -0.0350° - - -0.0240
b 0.01430 - -0.0200
Sprg -0.0150 - - -0.0117
Supg ~0.0030 - -0.0098
Smo p * —o.oqe;g - | - 0.0110
Ort | ™ 0.0024 ~ 0.0021- -
6ne ~-0.0005 0.0002 - -
o, 0 - -0.0008 -0.0011 -
6ot ¢ -0.0005 ~0.0008 -
bupy .. . 0.0002 0.0001 -
<9Mt:j' - 4% -0.0005 ~0.0010 | .
R: 0.9955 0.9964 0.9861
- oRe |
SRR ; .
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Table V.2: (Continued): —
R 1.8734 17478 1.7915
L

~ 905.6 843.13 ‘ 875 51

~ Note:

likelihood values respectxvely.

Model 2 is Nonhomothet1c function
Model 3 is Homothetic and Homogeneous funct1on
Model 4 is Nonhomothet1c with neutral techn1cal

~change function.

D.W and LLV represent Durb1n Watson .and log. of

: 9]
u B
kN
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Table V.3:

-~ .

:T-Ratxos for Estimated Cost’ Functzon

128

Coefficients for United States Residential

‘COnstructzon, 1970-1982 ~~
Coefficients Model 2 .  Model 3 Model 4
ay 24.583 43,2130 145.2900
a 8.1850 18.9151  — 8.7667
ag -3.7775 - -3.9%. ~ ~4:.0190
a, ~ 5.5582 o 21.273 19.8300
oy, 10.68900 - -
ay 1 16.7210 23.4800 1.5140
ag -8.4006 ~ -10.0500 -11.534
o 3.8084 03,1015 ' 3.4691
apy 3.6919 4,703 4.1792.
oyp 2.7177 -+ 3.9976 1.5637
@y 12.6908 2.7122 2.8503
. 36.1380  24.8980 . 24.793
LALA 2.8405  7.3492 7.3935
ar 5.2614 - 5.1238 _ _5.3234
tpLL 10.3610. 1.2959° 8.1440
aypp 23.0360 ©  4.3279 3.8612
L 6.8880 5.3785 .~ 5.3824
pra -12.2280 -0.0777 ~1.8024
oy - 18.9220 0.0576 -0.3080
oy pL, -18.5260 -0.8615 170.6310
- -3.1420  3.6687 3.6702
| ~2.6803 - 0.115]

10.0910
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' Table v.3: (Continued)
aror 2.0751 1ﬂ2959 2.5147
o -3.5045 -2.5310 -6.3596
oy -1.1510  -2.8008 -1.7661"
pAL -0.2402 2.1318 . ©2.0041
@b -0.9950 -4.1683  __ -4.5588
e 21,1886 -1.0103 ~1.0090
L am -2.8128 -3.7812 -3.7922
apr . 0.4640 -0.8179. -0.2710
| aypn -5.8244 - -2.1026
by 4.8493 - 0.9621
SLAQt?.' -4.2055 - -3.6924
5i0 g 1.7474 - 4.2551
'5PLQ ~4.4236 - -210469
84p0 10.5597 - -}36985
g -0.7679 “*\\ - 1.1746
Ot 6.9482 0.9931 --
6Lat -1.9191 -3.6862 -~
6L, -4.7376 . 4.2778 --
6ort -3.1138 -3.0775 v--
Ot | 1.9871 -0.2827 --
,eMﬁ' -3.4152 1.1297 -

Note: >Critica1 values with 243 degrees of freedom are
' t(0.05)=1.6450 and t(0.01)=2.3260. These values of t
correspohd to infinite number of degrees of'greedom.

™
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cartied out to deterhihetthe ﬁgbt Egpropfiate modél for
aLproximating res%?ential construction. The chi square tes£
was'uiilised-to.test the hypotheses of homotheticity (model
3) and of néﬁtfal‘téchnical change (model 4) (Johnston
’1984). The chi-square test supﬁdrtgd médel 2 (nonhomothetic
and non néuﬁral) (table V.5). Further discﬁssion is confined
to the‘parametet estimates of mode}-Z. . |

Model 2 estimated parameters ;re used to estimate’
own-price and gfoss-ﬁrice elasticities and partial
elasticities of substi;ution.;Examination of parameter
coefficents of model 2 indiﬁated that‘all of‘the homothetic
parameters (SiQ) afe signifiéant, whereas, the-coefficients
“of all of the biased technical change coefficients (Pit) are
not significant (table V,3). Selection of the nonhomothetic
,and;non neutral model suppbrtsvthe.faét that output;SEEnge
affects‘the input démand;function. It also indicates that
the residential construction industry is not characterized
- by consﬁant rétgﬁgs to scale and are COnstfaineé by féctor
prices in altering production. Technical changeArésuits
1nd1cated that the industry is capltal and
hardboard-partlcleboard u51ngdaﬂa otherwise 1nput sév1ng

(Appendix 7). Qhanges in production technique due to changes
in relative Prices of inputs are the main reés;hs'for factor
substifutioﬂ. | | | |
Model.z‘has the maximum number of parameters that are

significanfly different from zero (table-V.3). The Durbin

Watson test for autocorrelation was indeterminate. Estimated



131

o

Table V.#: Test Statistics for Model sgloctxon' United
: - States Residential Constructlon 1970-82
| No. of X — X} o x
Model Restrictions (1.percent) (5 percent) Calculated
3\ 7 18.48  14.07 30.09
: .

K / 7 18.48 14.07 62.47

Note: Model 3 is characterased)by homothet1c1ty and
homogen1ty.
Model 4 is characterised by nonhomothet1c1ty wlth
Hick's neutral technical change.

«
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parameters of mode% 2 were used to estimaté partial
elasticities of’substitution and cross/own-price
elasticitiesies using equation 33, chapter 3. Estimates of
own-price elasticities of demand (nii),:cross-price

elasticities of demand (ni & "ji) and partial elasticities

]
of substitution (aij) from model 2 are given in tables V.5
and‘V;G. These values are calculated at sample means.

Calculation of assymptotic standard errors of these
esGimates assumes’that Si and Sj are Bohstochastic'(Taher
1983 and Stier 1984). Asymptotic standard errors were
calculated, but not given here{since;thevshares are in
realityvstochastic (Taher 1983». |

Partial elasticities oﬁ-sﬁbstitﬁtion indicate the ease
with which different inputs can be substi‘tuted or
complemented. Table V.5 indicates that |
hérdboa;é-pérticleboard are substitutes for lumber,‘along
with plywood._Lumber and other ﬁgterials are complements. An
increase in the price 6f lumber will result in an incfeése
in the demand for other materials. Any change in relative
priceé of ldﬁber and plywobd or hardboa}d-particleboardlwill
result in substitution. This.change is evident ih the change
in shares of these variéb1e§ due to a rise in the price of
lumber (table V.2),. The decline in the share of lymber
réSglted‘from a decline in the share of lumber consumption
associated with housing starts relative to total lumber

conshmptidn (fig. I.4). Studies by McKillop'et al (1980),and

Rockel et al (1982) observed that lumber and plywood are
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'Tablc V.6 Ovh- and Cros:-;:%go Factor Demand
Elasticities' for (the Translog Model: United
States Residential Constructigxy, 1970-1982

Input Pi K LA L PL HP M
K -0.3¢  0.10  0.07  0.08  0.05  0.06
LA . 0.07 -0.09  0.11 =-0.11  0.05 -0.08
L 0410 0.13  -.38 0.12  -0.01 0.02
P1 0.08 -0.16  0.15 =-0.16  0.30  '0.08
HP 0.11 - 0.06 0.01 0.23 -0.13  -0.05

M 0.09 0.11 -0.03 0.07 0.06 0.36

‘Estimated elasticities are based on the sample means.

Noté: K stands for Capital, LA stapds for Labor, L stands
~ for Lumber, PL stands for Plywood, HP for »
Hardboard-Particleboard and M stands for Other

Materials. -
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substxtutes but Bleazor (1986) observed that domostic
plyvwood is a complement.»McKzllop et al (1980) and Rockel ‘ot
al (1982) observed very lov elasticities of substxtution.
‘Results hereig,are consistent with their findings.
' Sufbrisingly; labor and lumber are substitutes
indicating that the'demand‘for labor increases with an
increase in the price of lumbef. Lumber exhibits a N
-substitute relatlonsth with cap1ta1 ~Labor and capltal are
complements. Denny and Fuss (1977) found that labor and
capital have a complementary relatlonshlp in the Canadian
manufacturing industry. Eleazor (1986) observed that laborl
‘and capxtal are substltutes:

Cross-prlce elasticities have similar interpretations
as those for parﬂﬁal elasticities of substitution. Thls
similar interpretation is due to the relatzonsh1p n S

157913 5
. Both cross-price and partial elasticities of substltutxon

&

indlcate'complemegtarlty if negative value and substltqflon‘
if positive, Cross-price elasticities unlike partial
elasticities‘of substitution are not symmetric (table V.6 &
V.7). Since cross-price elasticities‘involve shares of
~inputs, it makes it possiblé}to evaluate complementary or
suhstitutional relationships between pairs of inputs.
Own~band cross-price ela;ficities at sample means are
presented in table V.6. Each‘element in the columns measure
the percent change in demand for input i (i#j) from a.
percent change in the price of input j; i.e, cross-price
elasticity. The méin diagonal elements represent own-price

v
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elasticities at the means.

Own-price elasticitieg for all of the inputs, except
other matetialq, have the usual negative signs. The |
unexpected si;n for other materials can be attributed to the
basic nature of other materials and the aggregation of
differ components (Adamowicz 1986). The own-price
elasticities of all of the inputs are inelastic. McKillop et
'al (1980) and Rockel et al (1982) obggfved that lumber is
inelastic but later obtainfd Jery high values (table III.1).
| This study estimated the oﬁhvéfice elasticity éf lumber to
be -0.38. ’ ’

Estimating own-price elasticities of all of tﬁe inputs -
auting different periods indicates that lumber énd labor
becomes more inelastic over time (table V.7). The absolute
value of the owh-price“elasticity of capital increased

during 1974-77 but then declined during 1978-82. Thiggpay be

due to. the effect of the 011 crisis durxng the 1970' s{
Eleazor (1986) observed thatjlipxtal and labor in United
States residential construction becomes More inelastic. Thé
own-price elasticity of other materials also shows changes
over time. It had an improper pgsitive sign during 1970-73
but a proper sign during i§74-77 and 1978-82 (table V.7).

Cross-price elasticity-estimates ;re indicated by
column elements and oﬁn-price eiasticities py diagonal
gléments (table V.6). Estimates of cross-price elastiéiéies
- of lumber and hardbd&ard particieboard show substifute

relﬁtionships; but the magnitudes ar& small. Plywood on the
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kN

Own-Price Elasticities of Inputs for United

States Residential Construction, 1970 73 .
1974-77 and 1978-82

1970-73 1974-77 1978-82

ELL -0.38 -0.30
EMM - -0.01 W =0.03
EKK -0.42 -0.37
ELALlA -0.08 ~0.07 -0.07
EPLL -0. 14 -0.24 -0.17
EHPP -0.13 -0.16 . -0.09

. ‘ . ¢

Note: ELL stands for own-price elasticity of Lumber, EKK

stands for
stands for
stands for
stands for

own-price elasticity of Capital, ELALA
own-price elasticity of Labor, EPLL
own-price elasticity of Plywood, EHPP
own-price elasticity of - -

Hardboard-Particleboard and.EMM stands for own-price

v elasticity of Other Materials.

”
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other hand shows a complementary\relat1onsh1p w1th lumber.‘
: Eleazor (1986) also observed that 1umber and domest1c

‘aplywood are complements.‘Rockel et al (1982) observed that

/

: plyuood and hardboard part1c1eboard are substitutes.

1

‘\‘Hardboard partlcleboard were expected to be subﬁtatutes for
;plywood but the resultsaxndlcated that they are complements.'
‘ThIS relatlonshlp may be due to specfal uses of both
products. Th1s result is in agreement w1th the fact that
plywood has spec1a1 uses in- rooflng and sheath1ng where
ﬁumber may not be competzng.- | o

o Rockel et al (1982) qbserved that lumber and labor are
fsubstltutes but thlS study, as well as Eleazor (1986)

N

i1nd1cates that. they are complements. L1ke Rockel et al

.;(1982) however, a low cross- prlce elastlcxty of lumber and’_ A
.vother materlal is observed (table V. 6) which is also J“ R
, B ’ ‘nﬁ S
comparable w1th the values obtalned by McK1llop et al S L

(1980). S g

Eleazor (1986) observed that cross-price %last1c1t1es B S

’between dlfferent varlables change due to changes in thelr”

“shares. It‘is ev1dent from table V 2 that the share of each

varlable changes over tlme. Therefore, the magnltude of

cross pr1ce elast1c1t1es may be chaggzng over tlme.>.'.f‘ f:?d' e
‘, 6wn pr1ce elast1c1t1es also showed changes over. tlme.ti;r?. e
but were notﬁs1gn1f1cant (table V.7 The estlmated e

-own- pr1ce elast1c1ty of demand for lumber is used to

N

‘recreate 1ts derlved demand relatlon and 1ts demand } v

schedule. The derlved demand“relatlonshlp for lumber can be

F ]

s_\’
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‘obtained by the different}ation‘of‘the estimated cost .

"‘function,‘model 2, with respect to lumber price.

Supply Models

L

- In estlmatlng supply it is unclear a prlorl whether the
ﬂ'response is more appropr1ately spec1f1ed w1th quantzty or.
prlée as the dependant variable. However, if the supply
prlce is uncerta1n, one would pursue a pr1c1ng strategy

based on. past m#rket performance. The appropriate
L
RS spec1f1catlon 1s a supply prlce equat1on (Haynes et al

1983) The stat1c version of the trad1tlona1 supply quant1ty

B

‘ equatlon 1s-r

| 'Qs—ao + a,PS +'a2 PF +’,.h + e
‘here the varlables are .as expla1ned 1n table Iv.2, Sopply
: models ﬁpr ‘the sqwmlll 1ndustry in the Unlted States during
1929—1982 are est;mated u51ng data given in Appendlx 5

lefereh% llnear models (5-10) are estlmated and the result

‘are glven in table V. 8 slnce supply dec151ons .are assumed

to 1nvolve a: one perlod lag, var1ables stumpage, wage rate,‘H -

fuel energy and sawmlll product1V1ty are 1agged by

one‘Perlod MCKlllOP et al (1980) - us1ng s1m11ar varlahlesi“ L 7;

e 'estlmated sppply, whereas Luppold (1984) estlmated supply

hmodelvby inﬁluding(and additional explanatory dhr:aple ofx 5'
lagéedquantlty supplied.fMedel’6 1s szmllar to Luppo}d 5 o
model eioept that laggedFQUantity supp11ed as an- explanatory
"Qariahle is not'&ncldded forlreasons~glven,;n Chapter 4,
Model's isHSimilar_to_themodel.usedpby}Mokillop’etal‘
T AP E T .
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'(1980) Model 7 d1ffers from model 5 as 1t has an extra T

'var1ab1e, whereas model 9 is its logr1thm1c transformat1on.

The results obtained are given in table V 8.

)

Both models 5 and 6 have 3 varlables 51gn1f1cant and Dw

'v'statlstlcs that 11e in the inconclusive reglon. Generated
:var1able OWS and varlable PLA 1n model 6 have the same |

‘\vmagn1tude but dlfferent 51gns. Favourable SSE values, R? .
fvalues, numbers of 51gn1f1cant varxables and var1ables w1th
‘proper 51gn5‘support model 5 over 6. Since var1ables OwWS and

PLA serve the, same purpose, collinearity may be responsible

for the wrong s1gn of PLA However, th1s study is not.

'concerned about wage rate elast1c1ty Therefore, model 5 1s

more approprxate than model 6% | o Cn |
Lagged variables are‘in3olwed. Therefore,,model17 with

the T var1a91e is estlmated Inclusion"of.T.variable‘

1ncreased the explanatory power of. the model Again a11 of

the varlables, except labor, ‘have the usual 51gns. Models 5

‘(wlthout T) and 7, %ylth T) vere compared u51ng an F test.

(’% vy

fsupported model 7. The magnltude of the d"'

_v test
éeff1c1ents of the labor var1able is still p051t1ve, but

smaller. Model 7 was then compared w1th model 9, a_

-\

i logr1thm1c transformed var1able model ‘The transformat1on of
var1ables d1d not 1ncrease the§g§blanatory power and labor

Stlll has a p051t1ve s1gn. Since model 9 d1d not 1mprove the

results, and because of a low sum of square errors, model 7

'1s con51dered as the approprxate supply model

140 '
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Model 7 is dxfferent from- the model used by Luppold
(1984) but 51m11ar to the model used by McKillop et al.
H (1980). It has lumber, fuel energy, stumpage prxce, sawmill
'product1v1ty and, time varlable coefficients that are
,51gn1f1cant at the 5% confldence level (table v.8). McKlllop
 “et al (1980) observed only stumpage and lumber pr1ce to be
szgn1f1cant. Since this is a model w1th natural form
 “var1ab1es, the coeff1¢1ent of 1umber does not glve the
suppiyvelasticity_difectly."The eléseicity of supply is,
therefore, estimafed'aﬁ the'means..bike McKillop et al
(1980), it was observed that, if»stUmpage'incfeases by 1%,
the supply decreases by'O 2%} Mcxillop et al (1980) observed
~that a 1% increase 'in sawmlll product1v1ty increases the
supply by 0. 33% but this study observed that the 1ncredse
in supply is 0.43%. This d1fference between results may be
'due to the difference in petlods 1nvolved The impact of a
\1% 1ncrease in price of fuel energy is a decrease 1n supply
by 0.22% aéainst 1.0% observed bf McKillop et al (1980).
Like McKillop et al (1980) the study observed that a 1%
‘increaeean price of lumber iﬁcreases the supply by 0.81%.

Since the F test euﬁported model 7 over model §,

rejectﬁlthe:hypothesis that technicai change is zero. Thjs
result was also tested Sy estimating the model using'sample\
peribds 1970—74,‘1975-82 and 1§70-82. The4Ch0w test also
indicated £hat tﬁere.is technical change in the sewmilxe‘
industrf‘dﬁring 1970-82. A lumber eupply elasticity 6f

0.8081 is different from theevalues estimated by other
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studies (table IIL.1). Adams et al (1980)-estimated the
supply elastlc1ty for different Unxted States reg1ons to be

from 0. 21 to 0.79. The magnitude of elast1c1t1es vary with

L -

L_t1me periods under consideration and models used The

estimated supply elasticity is used to est1mate the s&pply
of lumber in the United States. The estimated supply .,is then

used to deriye supply schedules which‘{wpdiscussed iﬂ”later,

sections of this chapter.

é. Models for Canada

‘Models for Canada have been estimated using techniques
aimilar to those used in model'estiﬁation for the United
States. In the case 6f demand modele the'reaultSISupported a
nonhomotnetic non neutral translog function model. In the
case of supply models. the period covered is 1961- 82 to
provide suff1c1ent degree of freedom for the Chow test. The
supply model is also gﬁmilar to the one accepted for United

States except that the model is- log-linear. The parameters

of these models are described in the nexttwo subsection

. Demand models g &?

Price and quantity data-used in estimating models 2, 3
and 4 are giveri in Appendices 3 and 4. The total cost is the
sum of the product'ofxprice and quantity of each variable

i. e., expend1ture. Share of each variable over t1me is g1ven
&

in table V.9. The share of hardboard-particleboard has

1ncreased over time. The. share of lumber decllned and then
o

P
- -
R 3
>
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Table V.10:

146

Average Cost Function Parameter Estimates
for Canadian Residential Construction,

"1970-1982 :
Coefficients Model 2 Model 3 Model 4
ag -0.7380 -0.3630 0.1600
ay -1.6220 -0.9120 1.5900
: 1.17 - 1.23
00 760 330
oy 0.0980 0.0940 0.0540
apy ' -0.5680 - -
ay 0.3890 0.3130 0.1760
o, -3.5560 -2.6300 4.6400
ay 1.9784 3.9200 $2.8700
ayp 0.3150 . 0.3350 '0.3580
oy [ 0.2930 0.3120 0.4100
ap 1.4550 -1.3110 ‘1.7300
. 0.0880 0.0920 0.0980
eLALA 0.0590 0.1430 - - 0.0590
apy 0.0910 0.0850 0.0270
apr 0.1690 0.2610 0.1650
“ypp 0.0960 0.0960 0.0970.
oM 0.1020 .° 0.1090 0.1080
arra -0.0040 -0.0460 0.0700
oL oL -0.9230 0.0240 -0.0370
(o]
&b -0.0140 -0.1460 -0.1510
&t;’ -0.0210 '-0.0220 0.0100
-18.5260 -5.4449 -4.3148

-
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'l‘able;';V. 10: (Continued)

oy 0.0250 -0.0250 -0.0254
uPLLk - 0.0060 | -0.0360 0.0160
T pLHb -0.0240 -0.0210 10,0160
uPLK ‘-0.0174 -0.0180 -0.0160
Apry f-o.o17o -0.0270 -0.0270
@pbrA ‘ -0.078 -0.0950" ~0.1410
ok -0.0120 -0.1200 -0.1570
oM 0.0270 -0.0270 -0.8640
LAk -0.0110 -0.0720 -0.0230
araM -0.0230 =0.0230 -0.0230
LIy -0.0040 -0.0060 , =0.0520
GLQ -0:0230 - -0.0510
Spro 0.0033 - -0.0339
GHPQ' . 0.0330 - "0.1340
'GLAQ -0.0520 - 0.8950
SKQ 0.1810 - -9.1330
~5MQ -0.0710 - 0.1300
eKt ~-0.0040 -0.0030 -
OLAt 0.0020 -0.0010 -
N -0.0020 -0.0020 -
GPLt i0.0010 -0-.0010 . -
GHPt o 0.0020 0.0020 -
Ore 0.0030 0.0030 -
R? - 0.6468 0.6482 0.6568



Table V.10:" (Continued)
LLv 651.16. 632.13 600.04
DW 2.0157 1.8997 2,415

Note: Model 2 is Nonhomothetic non neutral.

- +  Model 3 is Homothetic and homogeneous.
Model 4 is Nonhomothetic neutral.
DW and LLV represent Durbin Watson and maximum
likelihood function respectively. '

VAT



T-Ratios of Estimated Cost Function
Coefficients for Canadian Residential
Construction, 1970-1982

Table V.11:

- Model 2

Model 3

. Coefficients Model 4
. -2.5363 0.6177 | -1.4596
ay 4.4333 1.6321 3.1781
@, -0.7225 -4.2090 -1.8080
ap -0.7642 -2.5135 0.6850

“app 3.8084 0.9180 >
ayp 2.7177 2.8337 2.8
ay, ) 1.4564 7.0000 5.1006
o, | 5.3167 15.4920 4.7203 «
e, ~1.0967 - -1.3000
ag -2.6852 1.7527 ~1.4422
anQ -0.2022 1.6692 -
app 2.7600 0.4652 © 2.8626
arpr 2.0751 -0.4928 -0.3582
o -3.5065 -3.4767  -3.6150
“LLa ';é.2871 ; 1.2157 -1.0694
g -5.9106 -4.3143 -5.8769
apy -5.2986 -5.2364 -5.4437
apara 1.0692 -1.3168 w1:606i
Ak  <3.8022 -4.2138 -30.8633
. 75T -5.3644 -5.8139
apr 10.361 2.5581 5, 6266

-18.526 . -4.3148 -5.4449

“pLK
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Table V.11: (Con;inuﬁh)
OpLm 0.4639 -6.7075 76.7395
CpLLA | -0.9950 1.2157 | -1.1191
Pk -3.1420 —3 8820 -3.1315
®ppp 23.0360 , -21 8630 23.191
‘“ﬁPLA -1.18?6 -2.2488 -1.991&
@ppM -5.8244 .-5.39?1 | -5.9670
L ' 6.6065 | s,§937 ;6.8420
bk | \ 4.8506 d - , 6-8468
Srag Ao 2642
6LQ ' 0.72971‘
SPLQ ) -4.4236
Supg .0.5597
GMQ -1.9632
eLt -3.2?09
oPLt -3.1138
OKt -8.4491
OHPt 1.9871
OLat 2.4199
oMt 2.1826 %, )
y ™ ,
Note: Critical values with 243'de$§ freedom arg

£¢0.05)=1.645 and t(0.01)=243
correspond to infinite degrée

ese valueS’of t
reedoms.; Q%f
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increased a little. TRis increase ih the share of

hardboard-particleboard is primarily due to a'auddan Tise {n

.the price of lumber during that period.

As axplainad in chapter 4, model 2, nonhomothetic and ‘

non neutral, is initially accepted. 'Since models 3 and 4 are

nested 1ﬁ“ﬂodel 2 they are derxved by 1mposxng certain

restriction hypotheses. The estzmates of coetficients and

4 «
their t ratios for models 2, 3 and 4.are given in tables.

Y b
V.10 & v.11.rThe model that best approximates residential ‘

construction product1on technology 1n Canada is determxned

by us1ng the l1ke11hooﬂ rqﬁio test. Model 2 is £1r\1

| compared wzth model 3 and then with model 4. The test values

are given in table V.12, The test supgprts'model 2 as the
best approximation whereby productipn istuants shift down
the expansion path alteaing factor cost-shares. Acceptanca

of model 2 also supports the fact that output changes affect
tﬁe input demand function. It indicatea that the residential
coaatruction industry i@fnot chafactarised by constant
returns to scale but is constrained by factor pricea in -
altering production.

?
Discussion herein is now confined to model 2 only. The

i~

Durbin Watson statistic indicates the absence of
autocorrelation. Exkmination of parameter coefficients

indicapes that coefficients of all of the technical change

)

parameters, 6, are not significant (table V.11). The

tl
coeff1c1ents of all the homothetlc parameters, 6iQ' are not

s1gn1£1cant,at the 1 or 5% confidence levels. Changes in

-
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s 'Y Table V;1é£‘ ‘Test Statistics £or Model Selectxon°
L e e T Canadian Res1dent1a1 Constructxon, 1970 82
ﬁ\" ) B ' oL . ‘ . : - B
A . No. Of ) * 'X’ o xz o xl
. Model Restrictions (1 percent) (54pefcent) Calculated
3 7 . 18.48 . 14.67 ’1'9.03 ‘
e T -’;18»..48«,}. '1'4'._'07 o '.5',1 2
 Note:

Model 3 is characterxsed by homothet1c1ty and

homogen1ty. ‘
'Model. 4 is characterlsed/by nonhomothet1c1ty w1th‘
H1ck s neutral technical change :



»production technolggy dpe tg‘changes in relative prices'of
inopts'is the main reason forffaqtor substitution. Model 2
‘hashthe‘maximum numbervof significant parameters. )

- The estimates of the teChnologicalvchange'paaameters
( ) indicate that technology is factor using in labor,
other materzals and hardboard partzcleboard (Appendzx 8).

Productlon technology is factor sav1ng in lumber, cap1ta1

and plywood. Thls is supporte by.the.decllne 1n‘the1r share

?

over ‘time.
‘f‘; ﬁstimated parameters‘oq model 2 are'used‘to estimate
partlal elasticities of substltutlon and own/cross7pr1ce
elast1c1€1es. "The" estlmated partial elasticities of
',substltutlon are given in table V. 13. These values are i
estlmated at sample means/ Standard errors are calpulated

' /
: butlnot reported'fOr ‘the

elast1c1t1es of subst1tu“10n 1nd1cate the ease w1th whlch

L I8

1nputs 9ubst1tute for one another. Partlal elast1c1t1es of

;'bubstitutlon.are symmetrlc in nature (table V.13). They show

hthat*labor and hardboard'barticleboardfare-complementarym'

‘jwhereas Iumber is a substltute. Plywood is also a subst1tute

- of hardboard partlcleboard Th:s relat1on shows that an
. B YR S

-1ncrease in the relatlve ‘price! of lumber results in-

;/substltqtlon by plywood ;ﬁ{éh 1s the reasbn for a change in
thelr share (table V. %E' The elast1c1ty of SUbStlthlOn_
between lumber and plywood is. only 0 13, whereas the
elast1c1ty of’ substltutlon for lumber and |

-~

hardboard partlcleboard is’ Oé%b Thus,

e

easons explalned earller. Partial

- :.’\”
R
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hardboard-particleboard substitutes for lumber more easily . .
than plywood. Other matetials also substitutevfor-lumher but
with less ease. 2 - |

‘ own- and cross~price'elasticities are estimated at
sampleﬁmeans uslng the coefficients of model 2.AThese ;
‘»estimates are reported in table V.14, Cross;prlCe
,elast1c1t1es ‘have 1nterpretat1ons 51m1lar to the part1al
elast1c1t1es of subst1tut1on ‘but 1nvolve shares of 1nputs.
Therefore, 1t 1s p0551ble to evalnate whether relatlons are
complementary or substltutable. Own—prlce elast1c1ty
estlmates are glven in the main d1agona1 elements and
cross prlce elasticity est1mates by column elements (table
V. 14) | | ‘ .

Own-price . elast1c1t1es of all of the 1nputs, exgppt e

2plywood have expected negatlve s1gns. Eleazor - (1986)

kY

observed a p051t1ve 51gn for domestlc plywood and concluded

b

that it may be due to ba51c nature of it. It 1s supported by
the fact _that plywood has spéclal uses in roof and wall PR

sheath1ng in re51dent1alwtoﬁ§tructxon, wh1ch -may be

respons1ble for the l”f"of subst1tut1on by other 1nputs
By

even ﬁhough its pr1ce may be rls1ng

| The own-price. elast1c1ty¢of lumber is most 1nolast1c
.'among the 1nputs. The own- pﬁfce elast1c1ty of lumber»at
sample means, is ~0.23 whlch 1srless than the comparabre

: value.for United-States residential constructlon.:Demand for&
labor is less 1nelast1c, followed by capltal oéher,

materials and hardboard particle board | f}’tof%[Jjﬂ




.

B

T;Sle V.14: Own- and Cfoss-érice Factor-Demﬁhd
o ! Elasticities' for the Translog Model, |
4 ' Canadian Residential Construction, 1970-1982
Input/Pi L PL WP LA K M
; , \ ‘ / s
L ' -0.23 0.003  0.07 0.10  0.06 0.0
| é@v ¢ 0,003 0.2 0.02  0.15 0.1 0.03 -
,@»'HP ' A 0.06 " o.'oz ~0.26 _--0.33_  0.11  0.04
LA L 0u1 0.2 - -0.44  -0.4 0.12  0.02
"~ 0.04 0.08- 0.10  0.08 =-0.36 =-0.18
Moo fo.oz 0.03‘ 0.03'2’ 0.01 0.18 -0.29
I ¥ TS

'Estimated’ elast1c1t1es are based on the sample means. ,

.ﬂf

Note~ b stands for lumber, K stands for cap1tali LA:stands
4 for labor, HP stands for hardboard- partlcreboard M

‘ « stands for other materials and PL stands for -
: plywood .
)
. »



g

The estlmates of own-price elast1c1t1es 1nd1cate that

lumber becomes more inelastic over . t1me whereas
hardboard- part1cleboard,becqmes less 1ne1ast1c initially but
more inelastic during 1978-82 (table V.15). Labor on the

-

other hand shows a more elastic trend over time. Other

materials show an increase in elasticit§‘partly dﬂgqto'a

rise in prices of all commodities following the oil crisis
. . Lo N . .

in the 1970's. Capital has nearly the séme value for 1970-73

- and 1978-82 and slightly more inelastic dufihg 1974777. A

slightly more inelastic own-price of capital during 1974-77

may .be due to a decline in its price inde* during this.

_period.

X

¥ The estimates of cross-price elasticipies represent

complementarity or Substitution among inputs. Each element
in the columns of table V.13 represents the change .in demand

of the ith input from the change in price of the jth input

(i#j) when the output level and price of the rest of the

inputs remain constant. Cross-priCe elasticity estimates are

-more rellable than partial elast1c1ty ones as measures to

' mater1als. This relatﬁgﬁsﬂggfxmpif

evaluate substltutlon or complementary relat1onshf§?§

2

The est1mated values 1nd1cate that lumber 1s a

substltute for plywOod hQrdboard partlcleboard and other

N

an 1ncrease in the

QVK‘V

prlce of lumber relatzve

hardboard part1cleboard ana cther mater1al Wlll lead to 1ts

t'+

‘subst1tut1on. The magnltude 1nd1cate5mthat lumber and i ~

ﬂhardboardfpart1cleboard,are strongér subsﬁ1tute§;§p§p4IUmbef

LA
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Own-Price Elasticities of Inputs for

= Tal

stands for own-price elasticity of Plywood, EKK
stands for own- prlce elasticity of Capital, EHPP

stands for own-price elasticity of

Hardboard-Particleboar¥,

elasticity of Other Materjals. -

i

Canadian Residential COnstructxon,.1970 73,
1974-77, 1978-82 and 1970- 82 :
1970-73 1974-77f?‘ 1978-82
ELL -0.34 -0.27 T -0.24
EKK -0.36 -0.36 ~0.34
mpLL . T 0.1 0.15 0,22
EHPP -0.14 -0.20 -0.19
EMM - -0.26 v -0.28" -0.31
_ELALA -0.37 -0.41 -0.45
Note: - ELL stands for own- price eiast1c1ty ‘of Lumber, EPLL.«

ELALA stands for own- prlce
elast1c1ty of Labor and BMM stands. for own- price



AN

~§59
ii nd plywdod. Eleazor (1986) ooseruedrthat the change in
shares of the ;hn&ts over time affects the magnitude of
“their cross- prlc:’elast1c1t1es« Since the share of hardboard
part1cle board has 1ncreased over time, the magn1tude of the
" cross-price elast1c1ty must have also increased.
Labor 15 a subst1tute for lumber, but & complement to
'hardboard partlcleboard. Labor and capxtal are substitutes.
Eleazor (1986) observed that lumber and plywood are
complementshin United States residential construction but
this study observed tnem to be substitutes. The result
obtained here are similar to the observations made by Rockel
et al (1982), but the maonitude differs.

The lower demand price elasticity for softwood lumber
in the Canadian residential construction industry indicates:
that consumers are less responsive to changes in price than
their counterparts in the United States. Own-price
elasticity’is'used to estimate demand during the“period‘
‘under cons1deratlon as explalned in chapter 4. The estimated
demand quantltles and correspondxng prices are used to ’
derive demand schedules.

S
Supply models for Canada . .
- Supply models are estlmated for the per1od 1961-82. The
' data used for. estlmatxon are ngen in Appendzx 6. The
: estlmatlon procedure is already expla1ned in chapter 4.
| Model 6-15 not estimated as this study is not concerned

about est1mat1ng wage rate e1ast1c1t1es. Moreover 1nclus1on
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of the generated'variable OWS does not inétease'explanatory
power but adds to multicollinearity. Model 7 was accepted
over model ‘5 because of a lower sum of square error and
supported by an F test. The Durbin Watson stat1st1cs for.
autocorrelation lie in the inconclusive region.
‘Model 9 coﬁtains'logritﬂmic transformat{ons of the
- ‘ ¥

variables in model 7. This model was found more suitable

than model 7 on the basis of SSE, significance of variables

.

o and R?. Model 9 is then compared with model 8 with unlagged

variébies. Model 8 with ibgrithmically,tiansformed unlagged
variables was rejected on‘the basis of less signifcant
variables and value of R*. Model 10 is the restricted form
of model 9 having no T variable. An F test for technological
change supported the unreStricted‘modél<9 over model 10,

5, 7 ﬁ?g,&”

(R?). The coefficients of .all of the variables except labor,

Model 9 has more explanatory power than models

for mOdel 9 have the usual signs (table v. 16). The
coeff1c1ents represent the demand elastlcigles as the model

is log linear. ' R %?

The coefficients of varlables lumbe prlce, sawmili
broduct1v1ty, and labor are s1gn1f1cam; éL the 5% confidence
level. Examination of the cbefficieh%g»indicate thaf'aﬂf’
increase of 1% in price of lumber will increase ﬁhé supp}yhgv
of lumber by 1.43%. Manning'(1975) observed the”;umBér's §$;
supply in Canada to\be'inelastic.'The difference in '
estimates of supply eiasticities of lumber iﬁ this”éthd§ may

be due to selection of a different period and particular

,i;
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model used. Adams et al (1980) alsgo’ dbserved lumber supply .~/ '
to be inelagtic (0.47). As is evxdent in table III,1,
different studies obtained different‘es;imates, therefore it
was necessary to estimate supply elasticifiés in this study
instead of using va;ues estimated by others.

Sawmil} peructivify and labor are significant at the
5% confidence level., A rise of.f% in wages will r;sult»in a
fall in lumber supply by 0.93%. Further, an increase of 1%
in sawmill productivity increases the supply by 0.07%.

‘Stumpage.is not significant at the 5% confidence levei.
An increase of 1% in stumpége price will reduce the supply
of lumbet by 0.09%. It was observed that the sawmill
industry‘in Canada underwent tecﬁnblogiqal.dhange during.
1961-82. This;technologicaﬂ ;hange result was also supported .
by the Chow test. The accepted model 8 was tested for~'
technologicél change using the Chow test for the period
1961-69, 1970-82 and 1961-82. |

The estimate of the supply elasticity is then used to
estlmate supply qUant1t1es dur1ng 1970-82 as explalned in
Chapter 4. The estlmated values and the correspondlng prices

are used to get a supply schedule for the period 1970-82.

C. Partial equilibrium‘analysis

Estimated demand and supply elasticiéies of softwood
lumber in United States énd'Cénadian"mérkets are usedkfo '
estlmate demand and supply as explalned in chapter 4. The .

estimated values differ from the actual values because

o

/ . : . - . ]



aupbiyﬂind demand elasticites used in their eltimation were
obéained from models involving variables besiéé “lumber.
These &ifference between estimated and actualgv lues are
least atufampig means'(Appendix 9). Estimaﬁed demand ana
supply witﬁ corresponding prices~are used to get best fits
of demand and supply schedules. |

Lumber trade from Canada to the United States is due to
the\h1gher Fquxl1br1um prices in thg United States (Fig |
. V;l). The é&uilibrium price of lumber in the United St;tes
market is $258/Mfbm which is higher than the equiliS;;;;f——v
price of $83.3/Mfbm in the Canadian market. This shows that,
at prices $258,8 and 383.3/bem resbectively,lthere will be
equilbrium in demand and supply in‘the United States and

Canadian markets. There will be éXCgss demand in the United

States at any price less than $258.8/Mfbm whereas there will

be excess supply in Canadian lumber market at any price
higher than $83.3/Mfbm. )
'The»excéss demand in United States and-eicess supply in
Cahada are estimated‘at.different price levels. The excess
.qgmand'and excess supply with corresponding pﬁices'are used

1

to get excess demand and excess supply scheaules. Excess

o

supplyrand excess demand halance each other at $179.4/Mfbm.

Since the prxce level of $179 . 4/Mfbm 11es between $83. 3/bem;

?fﬁﬁd 3258.8/bem, the trade between United States and Canad;;'f,f .

benefits the q%d States cohsumers and Canadian»-lumbe‘::'

pibducers. At this price of $179.4/M bm, excess supply of

13:12 b11110n £bm balances the excess . mdhd of 13,12 bem. e
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. . . A e .' [
’ . o0 T e e
. . A : t
. i . . P00
. . - AN
. - . . . O .,

164

TR td‘!’”’r“:{"?‘ ﬁﬁ,.ﬁ;},{'ftg SRR ,,“f}r?["""""""’"!"" i 331,",’“‘7:"',!!‘,".;',"."7 ';: AT 7';) s e . " LRI ”‘Z{";{: R L ST T *
= ' 3 . ) : 7 ) .

[
et
Hi



“4
[ A4

I hd . % - . ° - « . .
. ~ -
i [ & -
SR LA G LNe N OW ..n had
. 1INER) WAMDE G SPWSE TANT o m N T’ m - . fom m
o g -8 : 3
; ) 2 2
- w,.- M ﬁl- M ﬁﬁu W
- (A -t . ,N W .
| eet ot / -
- - ﬂ.r: 4 ‘
- ol T Loe
, LRIV MOV " 30w LRIV 'S
N, o e . - .
- “9 N oy A e ) L e Iv

Jaqun7] ..unvﬂcmu

¢VWumpVouumm a:u mn,ﬁnun oV uo o»o:o e jo 3dedup

ERE s L e T nuuom..:

S
,.Q;

-

i - 7 Y Ty
~ T Vs o 2
- s
- Fa o ' " A
o ¢ . L )
et LN )

tt°A 9anbt g



RN ;.‘i)\ ' /ﬁ L : o o : R « W . o ' ) . s
* o E A

“"},-,; In the event oﬁ'trade Un1ted States lumber producers '
. ,suffer due to a lower pr1ce rece1ved and decreases in .
s {f 5aﬁa11able market..The lower costgof prod0ct1on in Canada B
LT 'ﬂ | j

¢ ‘results in lower prlced Canadian lumber. Canad1an 1umber

producers get more;“ro£1ts. Unlted States producers,

";therefore, thy to protect thé1r market through protectave

¢ . - .
N "

'measures. Protect1ve¢measures, tar;ff and non tarxff wedge '

the gap in. the‘jﬁlces of umported and domestzc lumber. The

\;jiy 1mpaét of these measuresvpn the consumers and producers 1nﬂ
v'/ hﬁth the markets has been analysed. In this study, the B
ffh - ct of f1xed and advalorem tarlff of 10//45 and 20% are
i ined The effecf of a quota° of 10 ‘Bfbm is also analysed.
5 | _ Both of these types of measures, Jarlfﬁ and non- tarlff ) ’~;_;
.; 8 ?\reduce lumber i ports of 13 12 bem from Canada. E o |
“" Quot;—of 0 bem‘_,.‘, l, ";T.if L ""*yf. v,%;
E}fi‘:jk;;qg; A quota of 1p B£bin, would 1ncrease the egu1l;br1um prlce e
g and reducet 1mports fro; Canada (flg V. 1) By 1mposmg tl;e o
i quota, the 1mpo‘rt1ng country does not rec.elv any revenue,
';5';jlfy?@t‘1ncurs & cost for adm1n}stratlon. The beneflts from an.
.:“%. ’1ncreased prlce oﬁ lumber to’ $201 2/bem goes to the.L |
?ah’ ;r;mpdrters. The demand for lumbef‘ln the Un1ted States R ,,‘
77 declines from 3b 37¢bem o 38.03" bem whereas lumberrtﬂli g
}thki'-productzon 1ncrea§es f:om 26 25 bem to 28 03 bem”(tablémy'}__ y
K;aap;_ﬁ - Canailan lumb:rezs al@o afﬁ;cted as the prlce now ,';’o;j:p%
o ﬂ:tavaxlabfe to Canadlan lumber producers declines to aﬁ vélgy : r“
- : : : T N "
, ; .
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| §K61 9/bem. Lumber consumpt1on in Canada 1ncreases by 4.3%.

1L

7_export results in a decllne of 14 9% in. product1on in

(Canada.,Consumers in the Unlted States market may be wi l1ng '

"to pay more for Canadzan 1umber, but still, the 1mport from

[ A
Y

,.Canada cannot be 1ncreaSed beyond the fixed quota. In the
;‘, . , ( o
vcase of a tar1fh, however, the export can. be ma1nta1ned at .

o

its orlg1na1 level it Canad1a3ipmod cers absorb the rlse in

'(prlce after the restriction, '
Fxxed tarlff . ' B ’

( The 1mpact of a 10, 1"5 and -20% tariff on 1mp0rts from
 canada was,analysed. The.results are,givenvin tablesAQ}JQt
vdandﬁvrzbt}A tarfff‘reduces the imports-froijanadahand. [y

ra‘ises*the -prices in the United"States'.., The Uni‘ted Sta't‘esyv

;~author1ty reallzes a revenue. Flguse V 2 shows the effect of

"ht;\/}1xed tar1ff through[the parallel sh1ft in the ekcess

- suppli schedule. The 1mport of 1umber from Canada decllnesvff/;/?

*

Reduced prxces to the Canadlan producers and the decl1ne of .,

[}

to 12,0 bem at-a 15% tarlff and the prlde rlses to U

,$174 O/bem (table v.18).

The pr1ce rlse after the f1xed tar&ff is less than the

a correspondtng rlse after the 1mp051t10n of the quota becipse

f}fof a higher 1mport level. The demand for lumber 1n the ./ff

L

v n1ted States decl1nqg from 39 37 bem to 39, 021Bf¥§@(15% i

"'dtarlf%) Lumber productlon in the Un1ted States m§%} oo
ancreases to 27 12 bem ‘The Un1ted States authorlty 1so !w_¢,~
real1zes a revenue of $978 9 mlllzon. Revenue ava1lable t

R N
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the Unlted States author1ty 1s max imum for a iO%_tar1ff » ‘:Q'

'J

because of the higﬁlr 1mport volume. The revenue avallablig

varies with the 1mp rt volume. ‘ ‘s¢§ e
- )
oo The pr1ce of lumber in the Canadlan market dec11nes ‘to

i'w 3 \

o

3170 6/bem (at 20%). Consu ems in the Canadlan market "vv

beneflt from & tarsz as-t ‘ r demand 1ncreases from 6. 09'
. Bfbm ng 6 18 Bfbm. Loet exl_rts‘gnd pr1ces reduce lumber
i 'y 3
productlon-1n Canada. ‘The reduction. 1s max1mum with 20%
‘ A . .. o -
»

i v

tar1ff
Q’nted States consuglers wou'ld pref‘ f;xed. tarlff

. over a quota The Canadlan lumber producers also would

prefet a flxed tariff 1f festrlctxon 1s unavo1dable as 1t
enables them to either maintain or 1ncrease exports prov1ded

/
they can absorb the rise in price after th tar1ff by

The 1mpact of a 10, 15'and 2Q%'ad-valorem'tariff on -
o

lumber 1mports from Canada was analysed An ad valorens

tariff dfffers from a fixed tarsz as there is a

-

.

proportlonate add1txoﬂ to. pr1ce (fig. ¥p3) The resg}t is’

", essentxally the Same as that frod?flxed tarlff ;b that there

_is an 1ncrease in lumber prxce and a decrease-ln 1mport

f“volume. S - -d e . e

Unlted Stateseoonsumers again suffered as the pr1ce )
¢ g ﬁ
rxses to 3196 4/bem at & 20% tar1ff (table V 20) The

demand fot lumber 1n the Un1ted States declines to 37 29

lowerlng'thelr price. , - o °
. ¥ | :
v e » A
. Ad valoren tariff o . A
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E #wl(at 20%). The iumber'producers in the United States .on

b t‘%ther hand benefxt through a prodbct1on increase to
.2§.gb'3fbm*(at 20%) Lumber import decline 1s ma‘imum at the
R iii.i ﬂtxi} (9 9wabm) This 1mport decline 1s h1gher than
e 1&%! dec;hﬁe from the 20% fixed tar1ff.

/(ifﬁ *Consumer demand for lumber in the Canadxan market
oY ases to 6, 56 bem‘an mcrease of 7 7% after the 20%
’ ;ggff 1s in place. The price’ avaxlable to Canadlan lumber

producers aga1n declines to $162. 3/bem w1th ‘the 20% tariff.

- ~

0, ,.
&i Decreases in exporﬁs and 1ower avafﬁable‘pr1ce to Canadian

; 1umber producers ‘results in a decline in production from.

»“.“
y T ;“

g ffﬁfbmxto 16.47 Bfbm uith the 20%-tariff The reductron
o w;ﬁod\xct;on 1; maxzmum a‘t the 20% tariff (table V. 19) Thes:
ﬁnrtedaﬁtates authorlty aga1n reailzes a revenue ($783 08
_ ‘|n11Iions) but an amount less than the revenue‘i$927 6 .
mxllon) from the'20% fixed tarlff The dec11ne in 1mports7
ifrom the ad—valorem tar1ff is greater than ‘that from the
fixed tariff Therefore, the revenue ava1lable to the'Unlted
bStates government is max1mum. If 1ncreased government ]
 revenue is the main a1m, then the -authorities in Un1ted ,

sthtes would prefer a flxed-tarlff. Canad1an producers and

United State5vconsumers would prefer a tariff dver a quota

but ‘a - fxxed tar1f£ over an advalorem one' ." United States ;

lumber producers would prefer -an advalorem tar1ff most as it -~

would reduce 1mport greatesr. :
o N
The product1on of lumber in the United States .would -

?'increase by 4. 3% from a 20% advalorem tar1£f and by 3. 5%

] .
V.
L

a Lo
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_from a 20%,fixeé tariff (table Vv.19). qusﬂmers in the

.United States would suffer more frof an advalorem tariffy’

Thetﬁixed teriff of 20% redhces the demand by 4.5% against

?.7ffby the adValorem one. The impact from the 20% fixed

tariff is similar to the impact of a 15% an advalorem

tariff, since the production in United States in both cases

in'ereases to’ 27.18 Bfbm. The authority in the United States, .
N
however would realize a revenue of $927.01 m11110ns from the o
L] a

20% flxed tariff and only\$844 9 millions from the 15%

"

advalqrem tar1f£ The decl1ne in lumber consumptlon in the 45

S/S‘!v
% ¥

United States would also be less from the 30% fixed” tar1§f
A flxed tariff of 15% wxll be preferable to an advalorem
tariff of 15%;m51nce the decrease in consumption in the
United States’ is less and the author1ty s revenue 1s mone.
éhe 1mpos1tlonlof.a tarlf? is a pol1t1cal 1ssue._S1nce N
the 1mpact from different protect1on measures daffer, the

act1on by - the Unlted States will depend on wh;ch mkmber o' *

the soc1ety get.preference Whatever the decision, the ™

outcome w111 not be econom1cally eff1c1ent as the gainers | » T
will not be able to compensate the losers. The welfare of |
soc1ety w1ll not 1mprove. The next chapter discusses :
‘ possible policy prescrlptlons in light of results just
presented. v ' .
I
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V1., Summary, Conclusions and Recommendations

. ' ]

. RN

A. SUlnary
”* *
The prz%gry purpose of the atudy was to analyse the

1mpact of tariff and quota t:ade restr1ct1ons by the United
§tates on 1mported lumber &rom Canada. The approach centered

sticities for lumber

umber in the United
-, "

in_both mprkets:‘The share of Can
States markeb_ihcreasedﬁﬁwer time because’of the cost’ ﬁ"_

2 4

advantage of the Canadian lumber industry over that of thﬁ R
J“’M p

United States and decl1n1ng Canad1ad\§yllar to Un1ted States

)

.

dollar. The market structure was analysed to determine
. / -
factors that played a role in influencing lumber prices. An.

out11ne of distributional channels and trade trend prov1ded

background to the ana1y51s of lumber trade between the

United States and Canada.

“.

The 1ntermgd1ate product characterstic of lumber led to

the use of derived demand theory as ‘most appréprnate. The

ad1fferent demand models were then analysed tz sélect the

o [

résidential construction industry -in both countries. The = .

fv" .

%:vﬂ”‘y

same variables were considered in the for demand and sjzg&g
for

models for both countries. Omn-price demand elasticiti
lumber for both countries are inelast@c'butqthe.elasticity

.9 S o
176 S .

§
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for Canada is more inelastic. Surprisingly, plywood is - ;fﬁ37

observed to be a compﬂement~J£\lumber for the United States
residential construction industry, but a substxtute for the,'
» Canadian 1ndustry. Th4 demand for: lmmher consumption is more

attached ‘to new hous;n

starts in the United States thah in *
Canada. The censumpﬁio of lumber in new housing<in uhé e
Un1ted States has dinl ned however. R | ;W?
The supply models for both countries were then | ' ‘\'
analysed The models £or both countr1es are s1m1ar, except, »\
that for the Un1tea States saihlll ‘industry model varxablestl '
are in their natural form and the Canadian ones are in |
logrxthmlc form, ‘The supply model results for both countries
1ndlcated technologxcal changéiy The sug%ly of the Canadian
sawmill 1ndustry is elastlc whereas the:United States supply o
of lumber “is 1nelast1c. ' - o . K{Mw~
The,estlmated demand and supply of lumber :nsboth v;

countr1es is used to carry out pa&t1al equlllbr;um ana1y51s. .

_Higher pr1ces in the Un1ted State

\

mérkets are responsuble’ ;3‘_Qf

for the flow of 1umber from Canada into the. Un&ﬁe 3444
\ ‘

?e‘ :
tates

f

As long as there 1s a przce d1fference between impo
domestic lumber, tbade cf lumber between the Un1ted
and Canaga will contanue. | ‘ ‘
A quota or tarlff w1ll reduce the price dﬁﬁference
between imported and domestic lumber 1n the Uni;ed States
which ;111 affect lumber imports from Can da. -The 1mpact of
tarlff and nontariff barriers depends on the elase;c1t1es5ot '

o :
demand and supply in the United.States. Since the demand tgr

R

S :
: , , _
S ~ ,
» "‘ . t . N Lot
- e CaNR o
' -~ . t N -_. i ' . . .{.
. H : . C e ™ - l | . L
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. lumber in the United States 13 1ne1ast1c, the #”f

mwil; affect consumers, but the fall ih demand willks

lerge. Lumber eupply in Canada is more elastic. Therefore,

the fall in price inh Canada will affect the quantlty

jsupplxed more. !

e ' R '
b ’g!' Quotas and tariffs affect the countrles in different

Yigys. The ane1y91s considered fixed end advalorem”tariffs of

1b 15, and 20%. Since the advalorem tariff affects volume
,of lumber imports from Canade“most, the revenud realxsed by\
";antéd States government is least among the resttzqg;on
.'alternatxves.yThe 1mpact of a(15% fixed tarxff and a 20%

unota of 10 Bfbm would

qﬂielorem tariff are 51m11afkr1
&

tedlire the import volume of lumber -from Canada but the

Un1ted States authorities in .such cercumstances.do not

xfrealize any revenUe hnd'United States consuﬁbrs; even: though

- ? .

they may be~w1ll1ng to pay hlgher prices, can not purchase
‘Canadlan lumber. beyond the quota. The study supports the

'yxew that Canadiaﬁ“ umher produoers and Un:ted States

- TR
v*ﬂ?".‘w Ay 'I

',f-\consumers >§;4 prefe :3 fxxed tarlff 6ver quqta or advalorem/'

. ¥
tar1ffs assdwxng restr1ct1ons are 1navo1dab1e In the event
\

of e}flxed tarlff, and It Canad1an lumber produoers absqrb

" the pr1ce r1se‘by reducing the1r dellveredlpr1ce, Canada-can
ma&nta1n the same volume of export. However, a- reductxon in

'the cost of product1on 1s highly upl1ke1y Therefore, if the ,
a Lo




B, conclusxons ) |
“This study is carried out with a view to provide

informat1on on the impact of tariff or quota trade“

restrictions on’éhe»lumber markets in the United States and

Canada. This informafidn_ds verg imporgant.fncm a Canadian

industry's point of view. ‘d | .! - S

i s The covntry exports ‘more than 50% of 1ts‘ productmn to

the Unzted States. An advalorem tarxff o£ ZOﬁ will reduce e

‘Canadian lumber exports by 24. Sig Knowledge qf demand L

elasticitiex g1ve 1nformat19n about the percentage change/xn

sdemand from a percentage change in price.

Supply elasticities and cross price elast1c1t1es w'th

ng. ."',

other 1nputs such as stumpage could a551stx1n formulat'

» /

¢ stumpage pr1c1ng p011c1es. Supply in the United Statif/
m
more. responsxve to stumpage pr1ce than that in Canadp

Domestic polxcy dec1s1ons affect domestxc supply an dgmand -
vwhlch rin turn affects the excess supply and dem d

Therefore, qowledge of elast1cit1es of demand and supply c ;J
.t 5 ’,
““?”'c§% help in pol1cy fonmulatxons. Recommendatzons are made in
N ' -
‘ 'thq event of tarlff or quota . trade restr1ctlons covering two

. situations, namely, Canada redlces supply, and second /’ .

’, . -~ - \ *
supply remains unchanged o e .’ b

Partxal analy51s in th1s study involves worst scenerxo““

' ,-ease. The impact wgﬂl be max1mum in the shcrt run and w111

be lowerr in the long run. . |
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.Jrestrictlon,_and to malntaln the same export volume,vthe‘

‘ permlt a lowerlng of non woééucosts. Therefore, the only

'hlghly unllkely that the Canad1an domest1c market w1ll be

180

\ o e L .
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Rt
B

C. implications - N

te .

.‘.

‘Unchaﬁged Supply - E ’ g D . o

The Unated States accounted ‘for néarly 64% of the totaiv o

- Canad1ah lumber export in 1985 An advalorem tariff of 20%

(maxlmum damage from a Canadlan p01nt of v1ew) will reduce-*hf

hpkhe export from: CanadJ by more - than 20%., In the event of the ‘

-

‘"5~anad1an lumber 1ndustry should reduce costs of product1on,_

reduce proflts, or reduce both Stumpage prlces in Canada
a

are already very ‘low and the labor contragts would not %

"v‘p0531b111ty of reduc1ng dellveked prlces 1s by reduc1ng

\
- %

’transportatlon costs or 1mprov1ng marketlng strateg1es, or
J?both The 1ndustry needs to ut1llse an optlmum comblnatlon

- of transportatlon modes and to open strateglc outlets in’ Qhe-

Un1ted States accordxng to consumers’»needs.

\

Trends in the d1str1but1on structure have been noged,

Protection measures by the "'United States will increase

consumption in Canada but since it this consumption is less

.than 50% of the total-lumber'production'in-Canada,'it is

able\to absorb increased avallable supply Roberts et a1
(1985) forecasted that consumpt;on of'softwood lumber in”

Canada Will increase t% 1. 3 million m*® only byvthe-year

ﬁ¥2000 Therefore, the only p0551ble alternatlve is to diver

TS
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\roundwood Tbe dec1s1onto 1ncrease the productlon of %hlps

the United States is. diverted to overseas markets, then 1t/

-has to face stiff compet1t;on from other supp11ers. At
*present the Canadxan’lumbér 1ndustry may be %Eﬁf to comBEt\i

wtth other supplzers 1n overseas markets. HoweVer, wlth the
depletloq\of mature stands and mOVement to 1ess acce551ble ‘
stands, thlS low cosb{advantage will. dlsappear. %he 1ndustry
may not. be able then to 8ompete in those markets.

“'; Canada hag an; opt1on to 1ncrease the product;on of
‘chlps. Cths are 301ntly obtalned ‘with 1umber from

/

/
w111 depend on,the relat1ve pr1ce of lumber and’ the products

of other wood products. Moreover,,there is not a market that
can absorb the 1ncreased product1on of these products from

d&;Ersxbn of roundwood use fromilumber to ch1ps.‘

/Japan accounts for nearly 40% of total Canad1an lumber

;o
’ export te overseas markets. However th1s volume is small in

relatlon the export volume to the United States. W1dman

yanagement Ltd. (1986) has reported 3 that due to §Aructural

,changes in the major consumlng sector (hou51ng)

/ Japaneselumber consumpt1on has declined. Concerted efforts

\ /f - to 1ncrease exportvolume to overseas market may result in an

7
¥4

4

. increase, but 1t is not ‘a dependable market

In the event of tariff, ;f Canada still maintains the .

‘same volume of ‘export to the United States'by reducing its

'price, thevproblem of expected productioncost increases with.

0
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theudepletlon‘of mature stands rema1ns.

!

The gap between demand and supply 1n the Unlted States

i is. 11kely,to 1ncrease and th1s-gap 1n all probab1

be met from Canadian 1umber. Contlnued lower m

¢

gage rates

.1nd1cate that the: demand for lumber in the Unit d States‘
b‘will*&nqrea e. Th1s increase ang, the rlse 1n 1ces after

protectlon measare w111 benéflt the Canadlan l"‘ber 1ndustry

;’ "in the long run when gap between demand and supply wxdens. -

' Phelps’ indicated dur1ng personap d15cu§51on that the Un1ted

States 1ndustry can meet the demand in the event of reduced'

Canadlan lumber 1mports but it is hlghlg unl1ke1y that

supply could ever meet the demand as in the past. The supplyﬁ

of lumber in the Un1ted States increased but only slightly,
. If the demand 1ncreases by 4% bem it is unrikely that all
of the 1ncreases can be met by domestic supply Therefore,
‘in all c1rcumstances the Unlted States has to depend on
Canadlan lumber 1mpgrts. A Tariff or quota'will increasehthe

cost of housing A.Tariff'or quota that benefits lumber -

1nterest of the Unlted States. The United States may 1mpose

a flxed tarlff of 10% wh1ch w1ll reduce the 1mport from

..

less. . c -‘" “v - B
__________________ \
*U.S. Department of Agrlculture (Fonest Service) Wash1ngton,

D.C. 7

) L o gl ‘ ‘ 182 )
et v . L B o
4\ R “' N i .

- producers w111 cost consumers and wlll hot be ‘in then‘verall'-
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) magor trad1ng partnersr Any trade restrlctlons:by the United
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Roduced‘Supply . . ﬂ l" :; h : ) ; h

Canada at present is explo1t1ng 1 6 m1111on me whlch 1s v
9 .

well below 1ts annual_aii:wable cut - (Percy 1986). Canada has
the lowest level of fores 1nventory 1h the developed
"~ world*. At present levels of explo1tat1oh, falldown 1n-

eéonomxcally annual allowable cut’ is expected A shift 1nto

-Un1ted States Canadlan author1t1es can phase

?out their_annUal-aIIOWable_cut to avoid falldown-in the

Ifuture{ Higher.pr{ces.and demand are.enpected'invthe futUre
‘inqthe United States. Canada can, therefore, f1nd 1ncent1ve
to improve the qual1ty of second growth stands by 1nten51ve
forest ‘management. ngher qua%tty~stands,w1ll reduce the

cost of lumber productlon and %ill improve the‘induStry's _ .

~

S—— .
compet1t1ve position in future wh1chL1s expected to decline "+ -, |

NN . . ;

aftefﬂwarlff.. L BT " ' - -
' L consumer lobby in the United States - is opp051ng the
move to 1mpcse restrlctlons. Free trade max1m15es social net

benefits in both country. Canada and the United States are

States andsubsequent'retaliation by Canada will worsen

soc1ety s welfare iR general The main ob,ectlon by the
_ N
Un1ted States lumber producers 1s that the Canadlan lumber .

industry is sub51d1zed by the Canadian federal and

el o N . L a

‘ Written communication by Dr. B. Stenberg of Royal
Instltute of Technology, Stockholm to Reed (1978)

°

\
|
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provinc.ial governmenfs. The Infe'énatic;nal 'I‘ruade Commission
found no Justxfxcauon of this charge dunng the last -
»counterve1l case in 1982 'I‘h1s ma]or hurdle between the
United States and Canada needs to be removed through )

negotlatlon?
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Appendix 7: Note on Technical Change in the U.S. Residential
, Construction !ndustry, 1970-1982 .
bikelihood ratio test supported non homothetic non
neutral translog function for residential construction
‘industry. The estimates of the bias technologicq} change
thh respect to each input 1s gic;n by _ h
asi/aw N
where S, and oit are as'explained earlier. -
Technical change parameters and<standard errors
in parenthesis for the appropriate model
K L PL LA HP Mo

0.00240 -0.00076 -0 00246 -0.00053 - 0.00015 -0.90085

(0.00026) (0.00014) (0 00013) (0.00028) (0.00023) (0.00027)
Each of the parameter estzmates measures the change in
factor cost shares in total cost with respect to time, A
negative value implies that thé technological change is
factor saving whereas a positive value indicates a factor
using input. Above” estlmates 1nd1cate that lumber, other
materlals, plywood and labor are factor saving whereas
capital and-hardboard part1c1eboard are factor using.
.Alternatlvely, rate of technolog1ca1 change declines with
the pr1ce of cépltal and hardboard- partxcleboard ‘and
increases with the price of lumber, plywood, labor and other
material. All coefficients are significant but not negative
therefore we can not reﬂé&t the‘hypothesis that the cost
structure is a Cobb Douglas function (Sherif 1983). The --— | ]
'value of technical change has increased but this increésé is
<a1most neglxgble. ThlS supports the fact that hardboard and . -

partlcle board is a substitute of lumber and plywood. It
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also indicates that there exists a technical change but

increase ip the fateof technical chapge overtime is nearly

Zero.
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Appendix 8: Note on Technical Change in the Canadian ,,—.
Residential Conqtructioh Industry, 1970-1982, -

Likelihood ratid test supported nonhomothetic non

)
neutral translog function for residential cénsi}uction \
gjindustry. The estimates of the bias technological change . .
(oit) with respect to price of .each input (i=K, L, PL,-BA,
HP and M) are as follows:
Technical change parameters and standard errors
‘ in parenthesis for the appropriate mode}
K « "L PL o LA \ HP M
4 . ~
Y -0.0042 -0.0006 -0.0017 0.0014 0.0018 0.0029
. (0.0003)  (0.0006) (0.0007) (0.0007) (0.0007) (0.0022)

Ebtimptevof bias technical change with respect to time given
by |
9s,/0T=6, . . i
g::;.of the parameter estimates measures the cost shares in
total cost with respect to time. A negative value implies
that the technological change is factor sqying vhereas a
positive value indicates a factor using input. Above
estimates. ifdicate that f:hber,vcapital, plywood are factor
éaving wvhereas other maferial, labor and |
hardboard—particieboand;are factor using. Alternatively,
‘rate of technological change declines with the price of
other material and hardboard-particlgboafd~and increases
with the price of lumber, plywood, "labor and capital. -All
coefficients are significantcbut not negative therefore we

can not,reject the hypothesis that the cost structure is a

Cobb Douglas junction.(Sherif 1983). The value of féchniifl

-
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: Un1ted States re51dent1al constructzon 1ndustry 1s labor:

labor us1ng Thls ‘may be due to egfect of strong labor
'gcontracts. Factor sav1ng 1nd1cates that the rate of
itechnxcal change declxnes with prlce of . 1nputs. Sav1ng of |

lumber and plywood 1mpl1es thet the 1n§ustry Hs replac1ng
3‘;hem w1th other mater1a1 and hardboard partlcleboard Slnce
g estimate v%lues are very low therefore there 1s a techn1cal

' change but 1ncrease in the rate of technlcal change overtlme

Lo

Tis nearly zero. - s

2

LR o

L@

A

change has 1ncreased but ;hls increase is almost negllgble.‘ﬂ |

1Sav1ng whereas Canad1an re51dent1al construction 1ndustry 15: N
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Appendxx 9 Est1ma£e¢ Demand and Suppl

/“;W

V‘S«W
United States and Canada: ¥B£bm

. L

Quantxtxes in the

DMONONNENONOOC P

Relative Unzted States & i Canada’
Price | =—=-—mmmmmcm e e e———
U S./Cdn, Demand Supply Demand Supply
o o i
1.76 41,9 21.0 ‘ 7.4 6.
1,42 41.0 22.0 7.0 8.
1.30 ° 40.4 23.0 6.8 10.
1.15 37.8 26.0 ‘6.0 16.
1,43 36.0 28.¢4 6.2 14.
1.46 37.2 27.0 6.4 ¢ 13.
1.56 33.6 32.0 LN 16.
1.41 ' 34,0 31,2 i 17.
1,42 37.4 36.6 3.% 20.
1.37 27.8 40.0 T 23.
1.32 32.4 34.0 & 21.
1.52 31.2 .. 35,6 5.8 - 19,
1.57 32.2 33.8 §,0 17.6
il
/\.r
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