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ABSTRACT

Canada and United States recently signed a five year deal called “Softwood
Lumber Agreement”. For almost a decade softwood lumber trade was at the
centre of a heated trade dispute between these two countries. The alleged
stumpage subsidy in Canada was the main focus of this dispute. Various in-
vestigations by the ITA and USITC ignored factors other than the alleged
stumpage subsidy in Canada that drive softwood lumber export. This paper
investigates the effects of five major excess demand side factors on Canadian
softwood lumber exports to the U.S. using Johansen’s maximum likelihood
cointegration analysis. The results suggest that there is only one long-run
equilibrium relationship among Canadian lumber exports, U.S. lumber price,
U.S. disposable income, U.S. housing starts, U.S. construction wage rate and
the exchange rate. The error-correction models are used to generate both short-
run and long-run elasticities. The results suggest that five excess demand
side factors explain about 70% of the variations in softwood lumber exports
and that 70 to 74 percent of deviations from the long-run equilibrium is cor-
rected within one quarter. Although the results do not negate the possibility
of alleged stumpage subsidy influencing exports, they strongly suggest that
excess demand side factors are the major determinants of softwood lumber
trade between Canada and United States.

Keywords: Elasticities, error-correction models, excess demand side factors,
Johansen’s cointegration analysis, softwood lumber dispute.

INTRODUCTION

Canada exported about 70% of its softwood lumber pro-
duction in 1991 and 77% of its exports were to the United
States. Canada is essentially the sole foreign supplier of
softwood lumber in the U.S. market. This bilateral softwood
lumber trade was worth $2.82 billion in 1991 (USITC, 1992).
Such a healthy trade sector between these two neighbour-
ing countries has also been at the centre of a lengthy and
heated trade dispute.

" Rakhal Sarker, Department of Agricultural Economics & Business, Univer-
sity of Guelph, Guelph, Ontario, Canada N1G 2W1.
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The dispute began with an unsuccessful countervailing
duty petition from the U.S. Coalition for Fair Canadian
Lumber Imports (a group of 8 trade associations and 350
lumber producing firms) against softwood lumber imports
from Canada in 1982. It ended after more than a decade
when on January 28, 1994 the Binational Panel formed un-
der the Canada-U.S. Free Trade Agreement (FTA) dismissed
the CVD case against Canadian softwood lumber. A chro-
nology and discussion of the various judicial decisions
made since the original investigation in 1982 is beyond the
scope of this paper. However, a brief background of the
dispute is given in section two of this paper.

A number of studies have investigated the price, pro-
duction, consumption and welfare effects of a tariff on
imported softwood lumber from Canada (e.g., Boyd &
Krutilla, 1987, 1988; Chen et al., 1988; Wear & Lee, 1993
and Myneni et al., 1994). The results from these studies
suggest that the tariff on softwood lumber imports from
Canada benefited domestic lumber producers in the U.S.
at the expense of U.S. consumers and Canadian lumber
producers. The import duty has also resulted in higher
prices and considerable efficiency losses in the U.S. lum-
ber market. Note that these studies take the import duty
as given and do not investigate subsidy and material in-
jury determination procedures.

Even if lumber production is subsidized in Canada, sub-
sidy alone does not drive lumber exports from Canada to
the United States. There are a number of other factors such
as exchange rate, housing activity in the U.S., transpor-
tation cost, technical improvements resulting in higher
fibre recovery in Canadian mills and timber harvest lev-
els in Canada can have significant bearing on softwood
lumber export from Canada. Indeed, in contemporary for-
est economics literature, the dramatic rise in the share of
Canadian softwood lumber in the U.S. market during the
1980s has been attributed to such factors as U.S. housing
starts and favourable exchange rate movements (Adams
& Haynes, 1985; Adams et al., 1986; Constantino & Uhler,
1988; Roberts, 1988; Buongiorno et al., 1988 and Jennings
et al., 1991).

The purpose of this paper is to investigate these other
factors which affect Canadian lumber exports to the
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United States. These factors are generated in the market
place and have little to do with the alleged stumpage sub-
sidy in Canada. Johansen’s maximum likelihood cointe-
gration analysis and error-correction models are used to
determine short-run and long-run effects of various de-
mand side factors on the volume of Canadian softwood
lumber export to the United States. The cointegration ap-
proach takes into account data nonstationarity and allows
us to explore the dynamic relationships among a group of
variables without having to impose any a priori structural
restrictions on the model. This paper, therefore, attempts
to contribute to a better understanding of the softwood
lumber dispute between Canada and the United States.

Section three presents an analytical framework and de-
scribes data. Section four introduces unit roots and
cointegration analysis and provides a brief exposition of
Johansen’s cointegration approach. Section five deals with
the error-correction model and discusses empirical results.
Section six summarizes the major findings and concludes
the paper.

BACKGROUND

The market share of Canadian softwood lumber in the
United States rose sharply from 17% in 1975 to 33% in 1985
(Doran & Nostali, 1987). The increased market share of im-
ported Canadian softwood lumber, during the early 1980s
created concern among U.S. lumber producers. In October
1982, the Coalition filed a formal countervailing duty com-
plaint against softwood lumber imported from Canada. The
Coalition alleged that Canadian federal and provincial gov-
ernments subsidize forest products through a number of
programs and practices. In a preliminary ruling in Novem-
ber 1982, the USITC found that the U.S. lumber industry
has been materially injured by allegedly subsidized
softwood lumber imported from Canada. However, in May
1983, the International Trade Administration (ITA) of the
Department of Commerce came up with a negative subsidy
determination which terminated the case. In May 1986, the
Coalition filed a second CVD petition against softwood
lumber imports from Canada. This time the ITA came up
with a positive determination of subsidy and the subsidy
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was calculated to equal 15% ad valorem.! Following the
preliminary determination of subsidy by the ITA, the
USITC ruled that the subsidized softwood lumber im-
ported from Canada caused “material injury” to the U.S.
lumber industry and immediately imposed a 15% tariff
on all softwood lumber imported from Canada.? The final
determination of the CVD was to be made by December
30, 1986. To avoid the import duty, Canada negotiated a
deal called the Memorandum of Understanding (MOU)
on softwood lumber with the U.S. and agreed to impose a
15% export tax on certain softwood lumber exports bound
for the U.S. market. The MOU took effect on January 8,
1987 and governed the Canada-U.S. softwood lumber
trade for almost five years.

On September 3, 1991, the government of Canada uni-
laterally announced that provincial stumpage charges had
increased to the extent that it was no longer necessary to
collect the export tax.® Following this action, the U.S. gov-
ernment reopened the CVD case against softwood lumber
from Canada and imposed temporary import duties rang-
ing up to 15% on softwood lumber imported from certain
provinces of Canada. In May 1992, the ITA reported the
results of it’s final subsidy determination and calculated a
subsidy margin of 6.51%. In July 1992, the USITC ruled that
subsidized softwood lumber imported from Canada caused
material injury to lumber producers in the United States.
Consequently, a 6.51% ad valorem duty went into effect on
May 28, 1992 (USITC, 1992).

Although the magnitude of final tariff was less than 50%
of its initial value, the government of Canada appealed the
ITA and USITC decisions to a Binational Panel under Arti-
cle 1904 of the Canada-United States Free Trade Agree-

! The Trade and Tariff Act of 1984 may have contributed to the reversal of
the ITA's decision about Canadian softwood lumber. Two provisions of this
legislation are particularly notable. First, the Act provided a reinterpretation
of the statute which allowed the ITA to find a product to be subsidized if it
was produced from subsidized inputs. Second, the Act required all agencies
administering U.S. trade laws to give technical assistance to U.S. firms on
how to make successful antidumping and countervailing duty petitions (CBO,
1994, p. 28).

2 Note, under the U.S. Law against unfair trade practices both subsidy and
material injury must be found before imposing a countervailing duty on an
import.

3 The MOU was terminated on October 4, 1991.
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ment (FTA). On July 26, 1993, the Binational Panel re-
manded the ITA and USITC decisions. In particular, the
Panel asked the Department of Commerce to recalculate
the subsidy margin and the USITC to provide additional
statistical evidence to support it’s determination of mate-
rial injury. Both the ITA and USITC responded to the re-
quest. The ITA revised it’s subsidy estimate to 11.54% and
the USITC reaffirmed it’s original determination of mate-
rial injury. After reviewing the responses from the ITA and
USITC, the Binational Panel ruled that the analysis of the
determination of subsidy was flawed and that the USITC’s
determination of material injury to the U.S. lumber indus-
try was not based on sound statistical evidence. As a re-
sult, the Panel dismissed the CVD case against Canadian
softwood lumber on January 28, 1994 (USITC, 1994).

AN ANALYTICAL FRAMEWORK

A simple trade model involving a single commodity and
two countries is used in this section to establish theoreti-
cal relationships among the variables. In this model, lum-
ber produced in Canada and in the United States are as-
sumed to be homogeneous products. In Figure 1, Canada
is the exporting region while the United States is the im-
porting region. The intersection between the excess sup-
ply from Canada and excess demand from the U.S. deter-
mines the equilibrium price of lumber and the volume of
trade. For simplicity, it is assumed that exchange rates are
set exogenously to the lumber sector.®

Initially the exchange rate between the two countries is
at par (as shown by the 45° line OA in panel (c) of Figure
1). The volume of trade is equal to 0Q,. If a change in
exchange rate causes the value of the U.S. dollar to ap-

4 Despite the dismissal of the CVD case against Canadian softwood lumber
by the Binational Panel, the softwood lumber dispute did not go away. Trade
tension started again at the end of 1995. To cap these tensions, Canada and
U.S. signed a new five year deal called “Softwood Lumber Agreement”. Un-
der this agreement, Canada will export 14.7 billion board feet of softwood
lumber to the U.S. market each year duty free. Any additional volume of
export will be taxed at the rate of $50 per 1000 board feet. The agreement
took effect on April 1, 1996.

5 Because the lumber sector in the United States and Canada is a very small
part of the overall economy and accounts for a small part of total trade, the
exogeneity assumption seems reasonable.

209



R. SARKER JOURNAL OF FoResT EcoNnomics 2:3 1996

$Cdn $Cdn $Cdn $US

I

I

I

!
0 Quantity Q0 Q Q Q QO $US 0 Quantity Q
(a) Canada (b) The Trade Sector (c) Exchange Rate (d) United States
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preciate such that OA rotates to 0A’, the excess demand
curve rotates upward from ED to ED’ in Figure 1. This
results in an expansion of trade to 0Q, and an increase in
the exporters price to OP,. If the number of housing starts
increase in the U.S., other things remaining unchanged,
the demand function for lumber in the U.S. shifts to D,’.
This causes the excess demand function to shift to ED”.
Consequently, lumber trade expands to 0Q, and the ex-
port price increases to OP,. Similar trade expansion and
export price increase effects can also be obtained for an
increase in per capita disposable income in the United
States. If, however, the real wage of common labour in
the U.S. construction industry goes up, the excess demand
function will shift downward. Other things remaining
constant, this will result in lower export prices and re-
duced lumber exports from Canada. Finally, the price of
softwood lumber in the U.S. market will rise either due to
a shift of the demand function to the right or due to a
leftward shift of the supply function. In either case, the
excess demand function will shift to the right causing trade
expansion and higher export prices for Canadian
softwood lumber. Thus, the demand function for Cana-
dian softwood lumber in the U.S. market (i.e., the excess
demand function) can be expressed as:

CEXL = f(USPL, USHS, USPY, USCW, EXRT)

0CEXL 0CEXL 0CEXL
>0; >0; >0;
JUSPL JdUSHS JdUSPY
@<O, and 0CEXL >O’ (l)
JdUSCW 0EXRT
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where

CEXL is total softwood lumber exports from Canada to
the U.S,,

USPL is the price of lumber in the U.S.,
USHS is the total number of housing starts in the U.S.,
USPY is the per capita disposable income in the U.S.,

USCW is the wage rate of common labour in the U.S. con-
struction industry and

EXRT is the Canada-U.S. exchange rate.

Note that in multivariate cointegration analysis each vari-
able is treated as endogenous in the system at least ini-
tially. Moreover, if there is a long-run relationship among
the variables, the cointegration analysis also provides a
mechanism for testing which variables are exogenous to
the estimated long-run relationship. These results can be
used to estimate a single-equation error-correction model.

DATA DESCRIPTION

Canadian lumber exports to the U.S. is defined as thou-
sands of cubic meters of lumber and is compiled from Sta-
tistics Canada Catalogue Nos. 35-002 and 35-003. The
exchange rate is expressed as Canadian dollars per U.S.
dollar. The exchange rate data are from various issues of
the Bank of Canada Review. The USHS is defined as the
total number (thousands of units) of housing starts in the
U.S. and are taken from the U.S. Federal Reserve Bulle-
tin. Both per capita disposable income and Consumer Price
Index (CPI) [1986=100] are from the Survey of Current
Business published by the U.S. Department of Commerce.
The USCW represents the hourly wage rate of common
labour in the construction industry. This is a simple aver-
age of wages actually paid in 20 cities in the United States.
The data are collected from various editions of Business
Statistics published by the U.S. Department of Commerce.®

5 Since lumber is one of the four major components of the Construction Cost
Index and the Building Cost Index in the U.S., neither is used as a proxy for
related goods of lumber in this study. Instead, common labour is used as a
related good of lumber. Between 1971 and 1991 common labour represented
76-77 out of every 100 in the Construction Cost Index in the U.S. (U.S.
Department of Commerce 1992, p. 151).
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Finally, USPL is the producer price of lumber in the U.S.
and is taken from producer price indices, U.S. Department
of Labour. The data are quarterly, seasonally adjusted, and
span 1973:4 to 1992:3.” The per capita disposable income
and the hourly wage rate of common labour were con-
verted to their real values using CPI as the deflator. The
U.S. lumber price index was re-indexed to 1986 = 100 and
was converted to it’s real value by using Producer Price
Index (all commodities) [1986 = 100] as the deflator. The
PPl data are taken from the Survey of Current Business
published by the U.S. Department of Commerce.

INTEGRATION AND COINTEGRATION ANALYSIS

The first step in cointegration analysis is to verify the in-
tegrating properties of the variables in the model. The in-
tegration properties of all variables in question are exam-
ined by using unit root tests. A unit root test examines if
the variables are integrated of first-order (i.e., there is unit
root in the data set). A variable X, is said to have a unit
root in its autoregressive process if it has the following
univariate representation:

(1-L)X; =@ (1= L)X g +@, (1= L)Xy + &8¢ (2)

where

€ is a stationary stochastic process, 2@, < 1, and L*X, = X_,.
A number of statistics have been proposed in the litera-
ture as tests for the existence of unit roots. Many of these
are variants of the t-like tests proposed by Dickey & Fuller
(1979). To test for the presence of a unit root in X,, an
augmented Dickey-Fuller (ADF) test can be computed by
running the following regression:

p
A-L)Xi=a+pX g+ y oi(1-L)Xen  (9)
i=1

7 A journal reviewer correctly points out that if data were available in original
form (i.e., seasonally not adjusted) we could test for seasonal as well as non-
seasonal unit roots in each series using procedures outlined in Hylleberg et al.
(1990). Moreover, the estimated cointegrated relationship may be somewhat
weaker than it could have been due to the removal of seasonal components
from the data. Unfortunately, data were available in seasonally adjusted
forms and it was difficult and time consuming to retrieve the original data.
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TaBLE 1: REsuLTs oF UNIT RooT TEST oN INDIVIDUAL SERIES.

SERIES ESTIMATED LAG- ADF-
CoOEFFICIENT  LENGTH  STATISTIC

Canadian Lumber Exports -0.200 8 -2.587
Canada-U.S. Exchange Rate -0.041 3 -2.210
U.S. Lumber Price -0.096 5 -2.112
U.S. Housing Starts -0.150 2 -2.712
U.S. Construction Wage Rate —-0.066 4 -2.047
U.S. Disposable Income -0.014 8 -0.722

First-Difference Series

Canadian Lumber Exports -1.629 8 -4.136
Canada-U.S. Exchange Rate -0.572 3 -3.889
U.S. Lumber Price -0.983 5 -5.073
U.S. Housing Starts -0.810 2 -7.870
U.S. Construction Wage Rate -0.595 4 -4.002
U.S. Disposable Income -0.938 8 -3.679

“The critical value of ADF at 5 percent level of error probability is —3.14.

The null hypothesis that there is a unit root in X,. The
series X, is said to be stationary if the estimate of (3 is nega-
tive and statistically significant. However, the t-ratio on
estimated B does not have a standard t-distribution. The
critical values provided by Dickey & Fuller (1979) need to
be used.®

Table 1 reports the results of ADF tests for unit root in
the six variables. Akaike’s FPE criterion was used to deter-
mine the appropriate lag-length truncation in each case.®

8 In a recent paper, Handa & Ma (1989) examine the power properties of
four alternative tests for the random walk hypothesis. The results of their
simulation experiments show that the conventional Dickey-Fuller test has
higher power than the Phillips-Perron test. The decision to use the ADF test
in this paper is based on the above finding.
® The FPE value for an order of h is given by:

FPE(h) = [(T+h+1)/(T-h-1)]*RSS(h)/T,

where T is the total number of observations and RSS is the sum of squared
residuals.
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The null hypothesis of a unit root in the univariate repre-
sentation cannot be rejected for any one of these six vari-
ables at 95% level of significance. Note also that each se-
ries becomes stationary after first-differencing. So, the re-
sults are consistent with the hypothesis that unit root
nonstationarity characterizes each of the six variables in
this study.

Given the presence of unit root in each series, a pre-
condition for the existence of a stable steady-state rela-
tionship is cointegration among these variables. A vector
of variables is said to be cointegrated if each variable in
the vector has a unit root in its univariate representation,
but some linear combination of these variables is station-
ary (Engle & Granger, 1987).

Six alternative approaches have been proposed in the
literature for testing cointegration. These are:

(i) the Dickey-Fuller test on cointegration regression
residuals (Engle & Granger, 1987);

(i) the cointegration regression Durbin-Watson test
(Engle & Granger, 1987);

(ii1) the Park J; superfluous variable addition test based
on the canonical cointegration regression (Park, 1990,
1992);

(iv) the Hansen fully modified regression estimator L test
(Hansen, 1992);

(v) the dynamic ordinary least square procedure devel-
oped for testing common trends (Stock & Watson,
1988) and,

(vi) the maximum likelihood cointegration approach
(Johansen, 1988, 1991).

The first five of these tests are based on some varia-
tions of regression analysis (conventional and modified),
while the last one is based on the VAR model. While the
first four tests involve single-equation estimation, the last
two involve multiple-equation method of identifying
cointegration relationships.

The full-system approach developed by Johansen is
based on the estimation of a VAR system by maximum like-
lihood method. This approach essentially extends the
Engle-Granger procedure to a multivariate context where

214



JOURNAL oF FoOREST Economics 2:3 1996 CANADIAN SoFTwooD LUMBER EXPORT...

there may exist more than a single cointegrating relation-
ship among a set of n variables.® The maximum likelihood
procedure gives estimates of a system’s cointegrating vec-
tor and their weights. These estimates can be used to test
relevant economic hypotheses. Moreover, the maximum
likelihood estimates are symmetrically distributed, median
unbiased and have mixed normal distributions (Johansen,
1992; Toda & Phillips, 1993). It is due to these attractive
features that the Johansen’s approach is used in this pa-
per.

JOHANSEN’s APPROACH: A BRIEF EXPOSITION

Following Johansen (1988, 1991) and Johansen & Juselius
(1990, 1992), this approach is based on a kth order unre-
stricted VAR representation of X, such that:

X =Xy +THX o+ AT X + U+ DD, + &4, (4)

where X, is a vector of p I(1) variables, D, are three sea-
sonal dummies, 15 are (pxp) matrices of parameters, p is a
(px1) vector of constant terms, and &, ~ NID (0, Q). Using
0 =1-L, where L is the lag operator, the model in equa-
tion (4) can be reparameterized as,

OX, = P+ 0X g + 0o +...
+ M DX g = MX o + PO, + €4, (5)

where,

H=-l+m+..+4m and -M=1-1-THh—....mT;

0 Stock & Watson (1988) also extend the Engle-Granger approach to a
multivariate context. According to Stock and Watson, if a vector process has
n-k common trends, then the n-k principal components with largest variance
should correspond to the unit root processes or “common trends”. Since the
normalized variance of a sum-of-squares and cross-product matrix is equal
to the sum of eigenvalues of this matrix, Stock and Watson suggest a test
based on computing the largest eigenvalues of the sum-of-squares and cross-
product matrix.
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The reparameterized model is a traditional first differ-
ence VAR model except for the term MX,,. The coefficient
matrix of X,,, 1, contains information about the long-run
relationships among variables in the data vector. If 1 has
a full rank, then X, is a stationary process. In this case, an
undifferenced VAR model is appropriate. If I1 has a zero
rank, then I is a null matrix and X, is an integrated proc-
ess; only in this case, a traditional VAR model in first-dif-
ference is appropriate (Orden & Fisher, 1991). If, how-
ever, 0<(rank (1) =r) < p, cointegration holds, and I can
be represented as the product of two (pxr) matrices a and
B such that, M = af’. The B’s are the cointegrating vectors
and a’s are the weights. In this case, B'X, is stationary
and a dynamic error-correction model is appropriate. The
long-run equilibrium is unique only when r = 1.

The maximum likelihood estimation of N consists of two
sets of regressions; one set generates the residuals Ry, from
the regression of X, on X,_,,... X, and the other set gen-
erates R,, from the regression of X, on X,._,,... X, (see
Johansen, 1991 for details). The concentrated likelihood
function in terms of the product moment matrices of the
residuals can be expressed as:

=

I
2

L(B) = 2(B)

‘= ‘Soo ‘SOkB(ﬁ'SkkB)_lﬁ'Sko

(6)

Where Sy,, Soks Syor and Sy, are the product moment matri-
ces of the residuals defined as:

;
S; =T_1Z ReRy:  Oi,j=0,k.
t=1

It is clear from equation (6) that maximizing the concen-
trated likelihood function is equivalent to minimizing
0Q(B)O. This minimization amounts to solving the follow-
ing eigenvalue problem:

Al =C18,0S5aS,C 7 =0, (7)
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where C is a (pxp) matrix such that S,, = C'C. The vector of
eigenvalues is given by A while the corresponding
eigenvectors can be derived as v;= C"lei, where e;’s are the
eigenvectors from equation (7). The estimates of a and Q
can be obtained by using the estimated value of .

The rank of the coefficient matrix M is the number of
linearly independent cointegrating relations among the
variables in X,. The objective of testing for cointegration
is to determine the rank of N by testing whether the esti-
mated eigenvalues of I are significantly different from
zero. The null hypothesis that there are r cointegrating
vectors is tested using two likelihood ratio tests called the
trace test and the maximum eigenvalue test. If H,: is a
special case of H,: for r = p, then the trace statistic is de-
fined as:'!

-2In(Q; Hy|Hy )= -T iln(l—f\i) (8)

i=r+l

Similarly, the maximum eigenvalue statistic for testing
H,(r) in H,(r + 1) can be defined as:

—2|n(Q;r|r+1):—T|n(1—5\r+1) (9)

The asymptotic distributions of these likelihood ratio tests
do not follow the standard Chi-squared distribution. They
involve stochastic integral of Brownian motions and can
be represented as multivariate versions of the Dickey-
Fuller distribution. The critical values for these tests are
generated from numerically simulated distributions of
Brownian motions and are reported in Johansen & Juselius
(1990) and in Osterwald-Lenum (1992).

Johansen’s approach also provides a convenient frame-
work for testing linear hypotheses expressed in terms of
restrictions on coefficients i, a and B. Theoretical and em-

" Note H;: considers the unrestricted VAR model in levels as given in equa-
tion (4) as the true model while H,: considers the model in first-difference
form as given in equation (5) as the true model. If there is no linear trend in
the non-stationary component of the model and the coefficient matrix has the
full column rank (i.e., r = p), H;: and H,: are equivalent to each other
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pirical economic knowledge can be used to formulate the
restrictions. These restrictions essentially limit the space
spanned by the r cointegrating vectors to lie in the s-di-
mensional space. If s = r, then the cointegration space is
said to be fully specified (Johansen, 1991). Let H;: B = Hd
represents a formulation of a linear restriction on the
cointegrating vectors, where H is a (pxs) matrix of restric-
tions designed to restrict the space spanned by [ to lie in
s-dimensional space and & is a set of cointegrating vec-
tors (see Johansen, 1991 for details). The likelihood ratio
test can be computed as:

—2|n(Q;H3|H2)=TZIn[(1—5\3_i)/(l—5\i)] (10)

This statistic is also distributed as x* with r(p — s) degrees
of freedom.

COINTEGRATION AND ERROR-CORRECTION MODELS

There is a close relationship between cointegration and
error-correction models. In general, linear combinations
of I(1) variables will also be I(1). If the linear combina-
tions of such variables happen to be 1(0), then the vari-
ables are said to be cointegrated. In the “Granger Repre-
sentation Theorem”, Engle & Granger (1987) show that if
all variables in a vector stochastic process X, are I(1) and
they are cointegrated, then there exists an error-correc-
tion representation such as:

AL)(L-L)X; =-ye; +&, (11)

where L is a lag operator, A(L) is a polynomial in L of the
form [B, + B,L + B,L*+......] and ¢, is a stationary multi-
variate disturbance. It is assumed that A(0) = I, all ele-
ments in A(1) are finite and y # 0. The cointegrating vec-
tor is 3, where e, = B'X, is 1(0). The long-run equilibrium is
interpreted as B'X, = 0; thus, e, is a measure of the error or
deviation from the equilibrium. Because the series are
cointegrated, the error-correction term (ECT) is station-
ary. Hence, the least squares standard errors of the error-
correction model will estimate the true standard errors
consistently (Engle & Granger, 1987).
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Advances in cointegration methodology by Engle &
Granger (1987) and Johansen (1988, 1991), thus, provide
the necessary tools to apply error-correction models that
explicitly take into account the dynamics of short-run ad-
justments toward a long-run equilibrium. When all vari-
ables in an equation are I(1), stochastic trends seem to
cause them to wander randomly. The variables will even-
tually return to an equilibrium path and follow one an-
other along this path if they are cointegrated. Cointegra-
tion analysis, therefore, links the concept of equilibrium
relationships among economic variables postulated by
economic theory to a statistical model among those vari-
ables. In doing so, it provides a theoretically consistent
and econometrically efficient approach to measure eco-
nomic relationships.

In this model, cointegration analysis is used to deter-
mine the long-run relationship among the observed values
of Canadian softwood lumber exports to the U.S. and five
other economic time series. The long-run parameters ob-
tained from the VAR model are then used to compute the
deviations of the observed values from the estimated long-
run cointegrated relationship. Finally, these residuals are
used to estimate the error-correction model.

ResuLTs oF COINTEGRATION TEST

Before estimation, the six variables in the model were or-
dered on the basis of economic reasoning. The U.S. dispos-
able income was placed at the top of the order followed by
the U.S. housing starts, the exchange rate, the wage rate of
common labour in the U.S. construction industry, the U.S.
lumber price and Canadian softwood lumber exports to the
United States.'? Note that this ordering is for convenience.

2 The per capita disposable income and the number of housing starts in the
U.S. depend on the overall economic condition in the United States. The wage
rate of common labour also depend on the overall economic condition and
the demand for housing in the U.S., but as the price of a related input (i.e.,
labour) it can influence both lumber imports and lumber price in the U.S.
Since lumber is just one of many inputs used in the housing industry, con-
temporaneous causality is expected from housing starts to lumber prices in
the U.S. Also because the U.S. economy is at least ten times larger than the
Canadian economy, the bilateral exchange rate can have little effect on dis-
posable income and housing starts in the U.S. The ordering of the variables in
the VAR model is based on this understanding of the economic system under
study.
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The estimated maximum likelihood cointegration relation-
ship is invariant to the ordering of the variables (Hamil-
ton, 1994, p. 589).

Since Johansen’s approach essentially uses a VAR for-
mulation and the results from VAR models are sensitive to
lag-length choice (Hafer & Sheehan, 1991), due emphasis
is given to lag-length selection in this model. Although
there are at least five different approaches to determine lag
specification, Sims (1980) modified likelihood ratio test is
used to select the appropriate lag-length; only this approach
allows testing cross-equation restrictions.™ Sims modified
likelihood ratio test examines the equivalence of models
with different lag-lengths, and has an asymptotic Chi-
squared distribution with degrees of freedom equal to the
number of restrictions imposed on the model. The equiva-
lence of a one-lag model and a two-lag model could not be
rejected (x*=41.90, 36 df). The equivalence hypothesis also
could not be rejected for a two-lag model and a three-lag
model (x* = 34.83, 36 df), and for a three-lag model and a
four-lag model (x® = 40.03, 36 df). Based on these results, a
VAR model incorporating only one lag of each variable was
selected.

Table 2 presents the results of Johansen’s maximum like-
lihood cointegration test for the number of independent
cointegration relationships in the six-dimensional system.
Both the trace test and the maximum eigenvalue test sug-
gest the presence of only one cointegration relationship in
this system.'* This cointegrating vector represents a stable
equilibrium relationship to which the variables have a ten-
dency to return in the long-run (Engle & Granger, 1987).

B Sims modified likelihood ratio test can be defined as:

L = (T-k{InID,l - InID,1} ~ X%,
where T is the total number of observations, k is the number of variables in
each unrestricted equation, d is the number of restrictions, and D, and D, are
the restricted and unrestricted covariance matrices respectively. The other
approaches are an F-test, Akaike's Final Prediction Error (FPE) criterion,
Schawarz's Bayesian Information Criterion (BIC), and the Bayesian Estima-
tion Criterion (BEC). See Hafer & Sheehan (1991) for details on these ap-
proaches.
% Notice that the critical values for the trace statistic are at 90 percent in-
stead of 95 percent level of significance. This is because the power of the
trace test is likely to be lower than that of the maximum eigenvalue test. See
Johansen & Juselius (1990, pp. 183-192) for details.
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TABLE 2. MAaXxIMUM LiKELIHOOD COINTEGRATION RESULTS: TESTING FOR
THE NUMBER OF COINTEGRATING VECTORS.

EicenvaLues (A’s):  0.447 0.289 0.215 0.139 0.027 O

NuLL HypPoTHESIS TRrRACE TRrRACE AL A
STATISTIC (0.90) StaTisTic  (0.95)
r=0 102.83" 100.14 45.07" 42.48
r<i 57.76 73.40 25.88 36.41
r<2 31.88 50.74 18.41 30.33
r<3 13.47 31.42 11.39 23.78
r<4 2.08 16.06 2.08 16.87
r<b5 0.00 2.57 0.00 3.74

The critical values, trace (0.90) and A__ (0.95) are taken from Osterwald-
Lenum (1992), page 468. * and ™ indicate statistical significance at 90% and

95% respectively.

REsuLTs oF THE ERROR-CORRECTION MODELS

Given that the variables in equation (1) are cointegrated,
the short-run dynamic excess demand for Canadian
softwood lumber in the U.S. can be characterized by an er-
ror-correction model. In such a model, the growth rate of
Canadian softwood lumber exports to the U.S. depends on
the error-correction term and the growth rates of other rel-
evant variables. Since the cointegrating vector is unique,
the residuals from the cointegrating relationship represent
equilibrium errors in this model. The model can also be
used to generate both short-run and long-run elasticities.®
This is important because the response of the excess de-
mand for Canadian softwood lumber to a change in lum-
ber price in the U.S. and other factors may be dispersed
over more than one period and thus, can generate different
values of short-run and long-run elasticities.

% The derivation of the long-run elasticities is given in the Appendix. Follow-
ing Krinsky & Robb (1990) the standard errors of the estimated long-run
elasticities are obtained through linear approximations. Since the estimated
long-run elasticities are non-linear functions of the estimated parameters
from the error-correction model (i.e., e = f(t)), the variance-covariance matrix
of the estimated elasticities is given by: v(e) = (0f/0dt)'*v(t)*(0f/dt). Note
that (0f/0t) is the gradient vector and v(t) is the variance-covariance matrix
of the estimated parameters from the error-correction model.
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TABLE 3. SHORT-RUN AND LONG-RUN ELASTICITIES FROM THE ERROR-COR-

RECTION MoDEL (T-VALUES WITHIN PARANTHESIS).

EXPLANATORY MobeL ONE MobpeL Two
V ARIABLES Short-run  Long-run Short-run  Long-run
Constant 4.33" 0 4.09 a
(6.41) (6.99)
U.S. Disposable
Income 2.81" 3.80" 2.68" 3.850"
(2.62) (2.54) (2.60) (2.50)
U.S. Housing
Starts 0.285" 0.385" 0.281" 0.403"
(2.62) (2.46) (2.61) (2.47)
Exchange Rate 0.162 0.22 0.066 0.095
(0.226) (0.225) (0.094) (0.094)
U.S. Const.
Wage Rate -4.13" -5.58" -3.56" -5.110"
(-3.42) (-2.97) (-3.99) (-3.53)
U.S. Lumber
Price 1.02° 1.38" 0.998" 1.430"
(3.21) (2.74) (3.53) (3.02)
Error-Correction
Term -0.74" O -0.697** a
(-6.41) (-7.02)
Time Trend 0.007" O 0.007** O
(5.60) (5.91)
Seasonal Dummies:
D, -0.001 O a a
(-0.037)
D, 0.101" 0 0.096™ a
(2.99) (5.91)
D, 0.029 O a a
(0.039)
Radj2 0.66 0.67
F-Statistic 14.31" 17.79"
Durbin’s
h-Statistic 1.60 1.87
L-M Test
for Normality of the
Residuals (x°,3) 17.77 18.10

“and " indicate significance at 95 percent and 99 percent levels respectively.

222



JOURNAL oF FoOREST Economics 2:3 1996 CANADIAN SoFTwooD LUMBER EXPORT...

Table 3 reports the results of the error-correction mod-
els. Model One includes three seasonal dummy variables
while Model Two includes only one dummy variable (i.e.,
D, which is significant). All coefficients have the expected
signs and all but one are statistically significant. The
Durbin’s h-statistics are indicative of no autocorrelation
while the Lagrange Multiplier tests support that the
residuals are normally distributed.

The error-correction term has a negative and statisti-
cally significant coefficient. The negative coefficient of the
error-correction term ensures that the long-run equilib-
rium is achieved. However, the adjustment toward equi-
librium is not instantaneous. Between seventy to seventy
four percent of any quarters’ deviation from the equilib-
rium is corrected in the next quarter’s growth rate of Ca-
nadian softwood lumber exports to the United States (Ta-
ble 3). The negative and statistically significant coefficient
of the error-correction term also confirms the cointegration
relationship found earlier and the validity of the error-
correction representation.

Estimated elasticities indicate that labour is a comple-
ment to imported softwood lumber and the demand for
Canadian lumber in the U.S. is highly income elastic both
in the short-run and in the long-run. Estimated elasticities
also indicate that lumber has a unitary price elasticity in
the short-run but an elastic demand in the long-run. Finally,
the exchange rate has expected positive effect on Cana-
dian softwood lumber exports to the United States but it
is not statistically significant. This confirms the results of
Buongiorno et al. (1988) and Jennings et al. (1991).

A number of previous studies have investigated
softwood lumber trade between these two countries and
produced diverse results. For example, Buongiorno et al.
(1979) estimate import demand equations for Canadian
softwood lumber in the U.S. market and report short-run
and long-run elasticity of lumber imports with respect to
exchange rates as —0.35 and -0.45. These authors also re-
port long-run elasticities of lumber imports with respect
to housing starts and lumber price as 0.51 and 1.16 re-
spectively. Singh & Nautiyal (1986) estimate short-run
elasticities of Canadian lumber exports to the U.S. with
respect U.S. housing starts and U.S. lumber price as 1.24
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and 0.56 respectively. Adams et al. (1986) report a single-
period elasticity of lumber imports with respect to ex-
change rate as 0.46 and a multi-period elasticity of 0.40.
Finally, Buongiorno et al. (1988) use a bi-variate causality
model and derive long-run multipliers between Canadian
softwood lumber imports in the U.S., U.S. lumber price
and exchange rate to be 1.48 and 0.46 respectively. Due
to differences in data and methodology, the short-run and
long-run elasticities reported in this paper are not directly
comparable to those reported in previous studies. Despite
these differences, however, the long-run price elasticities
obtained in this paper are almost identical to that found
by Buongiorno et al. (1988). Also the finding that the bi-
lateral exchange rate does not matter is the same as those
found by Buongiorno et al. (1988) and Jennings et al.
(1991). Finally, both the short-run and long-run elasticities
are quite high for disposable income and wage rates. These
results seem to corroborate the finding of a recent Euro-
pean study that trade elasticities are generally higher than
elasticities obtained domestically (Brooks et al., 1995).

What are the implications of these results for the
softwood lumber dispute? The results show that there is a
stable long-run relationship among five excess demand side
variables and Canadian softwood lumber exports to the
United States. The excess demand side factors explain al-
most 70% variation in the Canadian softwood lumber ex-
ports. Moreover, the error-correction models show that
when changes in excess demand side factors create a dis-
equilibrium in the softwood lumber export market in quar-
ter t-1, the growth in softwood lumber export in quarter
t corrects between 70 to 74% of the deviation from the
long-run equilibrium. So, the response of softwood lum-
ber export from Canada to changes in the excess demand
side factors is quite substantial. Although there is still room
for alleged stumpage subsidy to influence softwood lum-
ber exports from Canada to the United States, the results
of this study strongly suggest that excess demand side fac-
tors are more powerful determinants of softwood lumber
trade between these two countries than the alleged
stumpage subsidy in Canada. For a better understanding
of the pattern of softwood lumber trade between Canada
and the United States (which is at the centre of the dis-
pute), all relevant excess demand side factors need to be

224



JOURNAL oF FoOREST Economics 2:3 1996 CANADIAN SoFTwooD LUMBER EXPORT...

considered along with the excess supply side factors (al-
leged stumpage subsidy being one of those) in the analy-
sis. Perhaps due to time and other resource constraints,
such a rigorous approach has not been followed by the
ITA in it’s determination of the level of subsidy and the
USITC in it’s determination of positive “material injury”
to the U.S. softwood lumber industry (see USITC, 1992).

CoNcLUDING REMARKS

The Canadian softwood lumber exports to the U.S. had
been at the centre of a long trade dispute between these
two countries. On January 28, 1994 the Binational Panel,
formed under the Canada-United States Free Trade agree-
ment, in its final ruling rejected the subsidy determina-
tion by the ITA and the determination of material injury
to the domestic lumber producers in the U.S. caused by
subsidized stumpage in Canada by the USITC. The CVD
case was dismissed and import duties collected by the
United States were refunded to Canadian softwood lum-
ber exporters. On April 1, 1996 the governments of
Canada and United States signed a new five year deal
called “Softwood Lumber Agreement” which will allow
Canada to export 14.7 billion board feet of softwood lum-
ber to the U.S. each year duty free. Any additional export
will be subject to prohibitive tariff (@ $50 per 1000 board
feet). While the dispute is now over, there are indications
that softwood lumber dispute between these two coun-
tries may erupt again in the future. It is, therefore, impor-
tant to understand the context of the dispute and the
causes. It is also important to understand the factors con-
tributing to the ever changing pattern of softwood lum-
ber trade between these two countries.

Even if stumpage is subsidized in Canada, subsidy alone
does not drive Canadian softwood lumber exports to the
United States. There are a number of excess demand side
factors which affect Canadian softwood lumber exports
to the United States. In general, competitive market forces
generate changes in these factors and these changes have
no connection with the alleged stumpage subsidy in
Canada. The objective of this study was to investigate the
effects of five excess demand side factors on Canadian
softwood lumber exports to the United States using
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multivariate cointegration analysis.

Johansen’s maximum likelihood cointegration analysis
is used to determine the number of independent coin-
tegration relationships among the variables in a six-dimen-
sional system. The results suggest that there is only one
cointegration relationship among Canadian softwood lum-
ber exports to the U.S., U.S. lumber price, U.S. disposable
income, U.S. housing starts, U.S. construction wage rate
and the bilateral exchange rate. This implies that there is
a stable equilibrium relationship to which these variables
have a tendency to return in the long-run. To evaluate
the dynamics of short-run adjustments toward a long-run
equilibrium, two error-correction models are specified and
estimated. In these models, the growth rate of Canadian
softwood lumber exports to the U.S. depends on the
growth rate of relevant explanatory variables and on the
error-correction term. These error-correction models are
used to generate both short-run and long-run elasticities.
The results suggest that the demand for Canadian
softwood lumber in the U.S. is highly income and price
elastic in the long-run. In the short-run, however, it has
unitary price elasticity but elastic income elasticity. The
results also suggest that the bilateral exchange rate does
not matter. Although the error-correction term is nega-
tive and significant, adjustment towards the long-run equi-
librium is not instantaneous. Seventy to seventy four per-
cent of any quarters’ deviation from the equilibrium is
corrected in the next quarter’s growth rate of Canadian
softwood lumber exports.

Five excess demand side factors explain about 70% of
the variations in Canadian softwood lumber export to the
United States. While this finding does not negate the pos-
sibility of alleged stumpage subsidy influencing Canadian
softwood lumber exports, it strongly suggests that the
demand side factors are the major determinants softwood
lumber trade between these two countries and not the
stumpage subsidy. For a better understanding of the evo-
lution of softwood lumber trade between Canada and the
United States, these factors need to be considered in the
analysis along with the relevant supply side factors.
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APPENDIX

Derivation of Long-run Elasticities from Error-Corrected
Models

Since there is only one cointegrated relationship, the esti-
mated coefficients can be normalized, without any loss of
information, by the coefficient of total softwood lumber
exports to the United States. Consequently, the long-run
steady state relationship can be represented as:

X = KYAYLYSYAVE, (A.1)

where X is a vector of Canadian softwood lumber exports
to the U.S. and Y, to Y. are five explanatory variables iden-
tified in section two of the paper and a, b,...,e etc. are the
respective coefficients. The steady state relationship in
(A.1) can be linearized in the logarithms of the variables
such as:

X=Vy+yv, (A.2)

where x is the logarithm of Canadian softwood lumber
exports to the U.S., v, is the logarithm of the intercept, y
is the logarithm of the row vector containing the explana-
tory variables and v is the column vector, [a, b, c, d, €],
containing the long-run elasticities.

The convergence to long-run equilibrium requires some
sort of short-run dynamic adjustments. To illustrate the
mechanism of convergence, assume the case of an AR(1)
process such as:

Xt =0X-1 +H+Y0+E, (A.3)

where Ja]<1, p is the intercept, € is a column vector of
short-run elasticities and 0 is an iid error term with zero
mean and a constant variance. Given (A.3), the steady
state solution can be obtained as a long-run dynamic
steady state in which all equilibrium values grow at a con-
stant rate. To see this, manipulate and rearrange (A.3) to
obtain:

Ox =p+0y, 8+ (- 1)[Xt—l -(1- G)_lyt-le] te  (A.4)
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If Canadian lumber export to the U.S., x, rises above
its long-run equilibrium level at time (t — 1), the term in
the brackets becomes positive. Since (a -1) <0, it reduces
the growth rate of the observed x at time K and thus, x
approaches towards its steady state equilibrium. Due to
this reason, the above equation is called an error-correc-
tion model. The term in the brackets represents the error-
correction mechanism.

The long-run elasticities can be derived from the esti-
mated parameters of the error-correction model (i.e., equa-
tion (A.4)). In equilibrium both x and y must satisfy equa-
tion (A.2) and one can obtain the following restriction that
connects (A.2) with the error-correction model:

v=(1-a)7e (A.5)

This restriction implies that the long-run elasticities will
always be higher than the short-run elasticities.
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