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THE DEMAND FOR DOMESTICALLY-
PRODUCED SAWN TIMBER: AN
APPLICATION OF THE DIEWERT COST
FUNCTION

HOWARD E. DORAN and DAVID F. WILLIAMS
University of New England, Armidale, N.S.W. 2351 and Victorian
School of Forestry, Creswick, Vic. 3363.

The Australian demand for domestically-produced sawn timber is investigated
by considering its major use —as an input into residential construction. Using a
cost function approach, a system of equations is derived expressing quantities
demanded in terms of relative prices. Cross-price elasticities are estimated and
the falling input-output ratio of timber in residential construction is analysed by
decomposing the change in this ratio into price, outputs and taste/technology
effects. A major finding is that, while substitution of timber for other inputs has
been encouraged through relative price movements, this effect has been more
than offset by taste and technology trends away from timber usage.

Introduction

Attempts to quantify the factors determining the Australian demand
for domestically-produced sawn timber (hereafter demand for domestic
timber) have led to somewhat contradictory results. Ferguson (1973,
1979) found this demand to be relatively price elastic, but the BAE (1977)
found it to be relatively price inelastic. The results from earlier studies
are also conflicting (e.g. Mead 1966 and McKillop 1967).

The major proportion (about 60 per cent) of the supply of domestic
timber is used as an input for the residential construction industry and
any analysis of the demand for domestic timber should take account ex-
plicitly of the derived nature of that demand. While Ferguson (1973)
recognised this, he did not account adequately for the effects of
substitutes and complements in his analysis.

In this paper an attempt is made to analyse the demand for domestic
timber as one of several major inputs in residential construction. The
production technology is specified by a cost function which is used (by
Shephard’s 1953 Duality Theorem) to derive a system of equations
relating the demand for a particular input to the relative prices of other
inputs. An advantage with this approach is that it enables the nature and
strengths of substitution and complementarity to be identified. In princi-
ple, the own-price elasticities of the inputs can also be estimated,
although for reasons that will be discussed subsequently, these estimates
will be of somewhat dubious value.

The last two decades have seen very substantial growth in the residen-
tial construction industry and it might, therefore, be expected that con-
sumption of domestically-produced timber would also have grown. In
fact, as can be seen from Figure 1, consumption has remained relatively
static. This may be due to one of various configurations of movements in
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the demand and supply functions for domestic timber. One possibility is
that there has been negligible growth in the demand for domestic timber
because of rapid increases in its relative price leading to substitution of
other inputs for timber (see, for example, Hanson and Wilson 1960,
Leslie 1963, Ferguson 1973 and Muncey 1978). One of the major aims in
this study is to investigate the role that other input prices have played in
the demand for domestic timber. The method employed is well suited to
addressing this particular question. The relative strengths of substitution
and complementarity, scale effects and changes in tastes and technology
can be related mathematically to changes in relative prices, enabling
movements of input-output ratios to be disaggregated into identifiable
components.

Theoretical Considerations

One approach to the quantification of derived demand 1s to postulate a
production function which is specified up to a set of unknown
parameters and then estimated. The quantities of inputs required to pro-
duce a given level of output with minimum cost (prices of inputs being
predetermined) are obtained by minimising the cost function, subject to
the production function constraint. That is:

(1) y=Mxi, x2, . . ., x,,) is a production function,
where y=output; and
X;=Iinput quantities.

The cost function C is given by:
2) C=ELpx,

where p; = predetermined input prices.
A Lagrangian constrained minimisation of the cost function produces
m+ 1 equations of the form:

3) (af/ox)/p;=N", fori=1,2,..., m; and
f(xl, X2y o v oy Xm)“)’=0.

This set of equations is solved simultaneously to obtain the optimal ‘bun-
die’ of inputs, X,, in the form:

(4) X=x P, pay oo paiy), fori=1,2, ..., m,

where x"= derived demand for input /.
This simple formulation disguises the fact that equation (3) is likely to be
highly nonlinear, and the solution very complicated algebraically.

An alternative approach to obtaining the derived demand is to use the
Shephard Duality Theorem. Shephard (1953, 1970) has shown that the
production function and minimum cost function are two equivalent
descriptions of the production process. In particular, suppose some func-
tion C(p;y) satisfies the following conditions!:

(a) C(p;y) is a positive real valued function for all positive p and y;
(b) C(p;y) is a non-decreasing function in p and v;

(¢) C(p;y) is linear homogeneous in p; and

(d) C(p;y) is a concave function in p.

' For convenience we will use p to represent the price vector pi, pi, ..., D
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FiGure 1 —OQutput of house building and consumption of sawn timber, 1956-57 through
1976-77.
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Then C(p;y) is @ minimum cost function obtainable from some feasible
production function. Furthermore, the cost-minimising bundle of inputs
is obtained by partial differentiation with respect to price. That is:

(5) x*=9C/dp. fori=1,2,..., m.

Thus, if the starting point is a cost function satisfying the above condi-
tions, the optimal inputs are obtained simply by partial differentiation,
and the Lagrange minimisation and subsequent simultanecus equation
solution are avoided.

Application of this theory requires that a cost function be postulated,
and we have adopted an elaboration of the Diewert (1971) function
which is a quadratic in the square root of prices and directly proportional
to output. That is:

m o

(6) Cp»y=yELBipp)*",

with B, =8,.2 |

With this cost function, the demand for input 7 is given by:
©) xX*=0C/0p. = y L0/ )"

and the input-output ratio, a,-:x:k/y, {)y:

@®) a,= £B.(p/p)°*.

Note that formulation (6) of the cost function has the following implica-
tions:

(a) C(p;y) is linear homogeneous in prices, as required in condition
(¢) above;

(b) the input-output ratio &, is a function of relative prices, and thus
incorporates explicitly substitutability of factors;

(¢) the input-output ratio is independent of the level of output, im-
plying constant returns to scale; and

(d) x:"and a; are linear functions of the unknown parameters 3, and
can, therefore, be estimated using linecar regression techniques.

Following Parks (1971) and Woodland (1975), equation (8) can be
made more general by including two extra terms, to give ¢, in the form:
(9) a;,= g:lﬁif(pf/pi)o‘s + 6!,m+1y+ Bi,rn+2t-

The input-output ratio now depends on the level of output y and non-
constant returns to scale will hold unless 8, ..., =0. The second additional
term involving time (f) may be used as a proxy for changes in technology
and taste.

Cross-price and own-price elasticities of demand may be calculated
from equation (9) as:

(10) €i; = (ax,/ap,)(p,/x,) = Bii(p.i/pz‘)o's/zah
and

2 This constraint on the 3’s is necessary to ensure that:
02C/3p.dp, = 0*C/ap,dp..
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(11) €= (0X/Op) P/ X) = — ey

Provided it can be assumed that the proportion of total usage in each
end-use category is constant over time, there is no need to disaggregate
total usage into its various components. In equation (10), both 38, and a;
would be multiplied by the same constant, leaving ¢; unchanged. This
justifies our use of total domestic timber production, rather than total
domestic timber used in residential construction, as a dependent
variabie.

Estimation of the parameters of equation (9) requires data on the
prices of the inputs. In many applications, however, only price indexes
are available. In order to modify the theory to include this situation, it is
assumed that the actual price of any input and the associated price index
are directly proportional. That is:

(12) p:": p./ o,

where p:_"is the price index corresponding to the actual price p,; and
«; is the constant of proportionality,
Substituting equation (12) into equation (9), we obtain:

@= £6,00°0% (07 P15+ Brmerd + Brmea,
and on multiplying through by «;,

(13) ottt = LBUPY DY)+ Blmery + Blnnal,
where 8= a?°%a%58,;
(14) B s = 0B mer; and

B a2 = 0B e,

Thus, when price indexes rather than actual prices are available, the ap-
propriate system is equation (13), which is equivalent to equation (9) if
the dependent variables «; are weighted by the factors «;.

In most applications, inputs are aggregated into groups and the «,
must be interpreted with this in mind. From equation (12),

(15) o =P/ pi=pXd px=V./ Dk,

where V, is the monetary value of the i-th input group.

Equation (15) is taken as the definition of «;, and it is assumed to be ap-
proximately constant through time. From equation (14), it is clear that as
B, =8, then 85=3%. Also,

(16) (8557 P71/ () = [Bidp,/ )%V a,
and, by equation (10), the elasticities will be the same whether computed
from equations (9) or (13).
Estimation
The model

It would be possible to estimate equation (9) separately for each input
group. However, there are gains in efficiency from estimating the equa-
tions jointly as a system. These gains come from two sources:
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(a) the across-equation restrictions §3,,=0,; can be incorporated ex-
plicitly, reducing substantially the number of parameters to be
estimated (e.g. with six inputs there is a reduction from 48 to 33
parameters); and

(b) estimation as a system allows advantage to be taken of any cor-
relations that may exist between the disturbances of different
equations,

The system of equations (9) was estimated using time-series data,
assuming six (m=6) major input factors for the residential construction
industry. The prices p; will refer to price indexes and, following the
discussion in the previous section, the input-output ratios will be defined
by @ = a;x?y. The index i identifies the inputs as follows:

domestically-produced sawn timber;
imported sawn timber;

bricks and tiles;

cement products;

plaster products; and

labour.

e nn

o W R S

In order to estimate the system using 7 observations and taking ac-
count of the linear constraints 3,,=8,,, the following vectors are defined:

¢ is a T-vector of ones;
= [1,2,..., 71,

a;= la,, aa, . . ., a1l
a= [a’la a’Zs LS ) a,6]l;
y= D’l, )’2, e -y yT],;

Bi= [Bus Biists -« o5 Bisy Bir, Bis]’s
B=[B,0B, ..., Bs];and
Xi= [ Wa/pin)°s 02/Pi2)°° o o o, D/ Pir)* ]

Matrices X, Xz, X3, X4 and X are defined (using zero to denote the null
vector of length 7) as follows:

t X1 X3 Xa Xsi Xer ¥y T

0 X2 0 0 0 0 0 0
X, =0 0 X3 0 0 0 0 0 ,

0 0 0 Xia O 0 0 0

0 0 0 0 Xis 0 0 0

0 0 0 0 0 X6 O 0

0 0 0 0 0 0 0

L X32 X2 Xs2 X y T
X,=10 Xz O 0 0 0 0 ,

0 0 X 0 0 0 0

0 0 0 Xys 0 0 0

0 0 0 0 X O 0
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Introducing a disturbance vector & given by:
u={ut, s, ..., el
where w, = [u., U2, . . . Ui,
the system of equations (9) can be written in the form:
(17) a=XB+u,
where X =[X,, Xz, X5, X4, X5, Xe].

In order to allow for the possibility that disturbances may be correlated
across equations and autocorrelated, it was postulated initially that « was
generated by a vector first-order autoregressive process. That is:

(18) u,-,=]_§31p,;,~u,,,_1+e,-, fori=1,2,...,6andr=2,3, ..., T,

where E(e;)=0;
E(f,'tfjs) - 0’,]‘6)?5’ Wlth g;= OJ-,'; al‘ld
6 denotes the Kronecker delta function.

The quite general model (equation 18) includes three simpler models as
special cases:

(a) if 8,=0 when j=i, then autocorrelation is confined to within
equations, but there may be contemporaneous correlation across
equations;

(b) if B,=0 for all / and j, there is contemporaneous correlation
across equations, but no autocorrelation; and

(c) if 8,=0 for all i and j and, in addition, o, = k.4,;, the disturbances
are not correlated across equations.

Following other authors (see, for example, Kmenta and Gilbert 1970)
we will assume (a) to be true and use the data to determine whether the
model can be further specialised to (b) or (c).

Data requirements and problems

It is clear from equations (9) and the following discussion, that estima-
tion of the unknown parameters, 8, requires the following data in each
time period:

(a) quantities consumed of all inputs (x¥) and quantity of output ();
(b) price indexes (p,) for all inputs; and
(¢) the constant weighting factors ..

The quantity data were available for the 21 years from 1956-57 through
1976-77. However, price data could only be obtained for the period

o]



138 AUSTRALIAN JOURNAL OF AGRICULTURAL ECONOMICS AUG.

1966-67 through 1976-77, and the missing observations were predicted
using the ‘related series’ approach originally proposed by Friedman
(1962).

It was found that, over the period for which price data were available,
the price indexes were very highly correlated with the wholesale price in-
dex of materials used in house building (WPI)—a series available over
the whole 21-year period (ABS 1982). For each price index, a regression
relationship relating it to the WPI was estimated and used to predict
values over the period 1956-57 through 1965-66.

A different kind of problem arose in connection with the plaster pro-
ducts quantity series. Prior to 1965-66, the data were for fibrous plaster
sheets only. The discontinuity in this series is quite apparent, as shown in
Figure 2. In order to partially overcome this deficiency, a log-linear
model was fitted to the plaster series over the period 1966-67 through
1976-77, which was then used to extrapolate prior to 1965-66, as shown
in Figure 2.

Using these two data constructions, 21 annual observations were
available for estimation. These observations are tabulated in Table A.1
of the Appendix. When the system was constructed to incorporate the 15
constraints 3,=8,, (j*i), there were 126 observations available to
estimate the 33 parameters 8, (4, j=1,2,...,6;j=0)and 8., Bs (i=1, 2,
... 6).

32
10 m

50(

4ot

20t

. " . L t
5 10 1% 20

FIGURE 2—Quantity of plaster products, 1956-57 through 1976-77 (r=1, 21).
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From equation (15), the weighting factors «, are defined by
a: = V./pi,. Observations on V, were not available for every time period.
Using the available observations the computed values of «; showed only
small variation, confirming the reasonableness of using weighting factors
which are constant over time. The mean value was taken as the weighting
factor, with the following results:

a=(a, az, ..., o) =(0.51,0.38,0.50,0.18, 7.9, 0.035).

Estimation results

As a first step, the system was estimated using OLS. The results of this
regression are shown in Table 1. The residuals were examined to find an
appropriate model for the disturbances within the framework of equa-
tion (18). Following Parks (1967), the residuals &, were regressed on
i, (=1,2,...,6;1=2,3,...,21) to estimate the parameters p,. The
results are shown in Table 2. On the basis of these estimates, it appears
that there is no significant autocorrelation present. That is, we may
assume p, =0 for all / and .

The contemporaneous correlations between residuals from different
equations are shown in Table 3. These highly significant correlations give
a clear indication that estimation by OLS would be very inefficient. The
appropriate estimation technique is Zellner’s (1962) Seemingly Unrelated
Regressions (ZSUR). We therefore estimate 3, defined in equation (17)
by:

A A A
(19) B=[X(Z'®)X]" X (L'®I)a,
A
where (¥),;= cAr,-‘,-;

I, is the unit matrix of dimension 7; and
® denotes the Kronecker product.

The results of the ZSUR estimation are also shown in Table 1. The
comparison of the estimated standard errors from OLS and ZSUR
estimation demonstrates the considerable gains in efficiency obtained by
utilising the across-equations residual correlations.

Discussion of Results

The economic implications of the estimated model will now be discuss-
ed under four headings, taking as our estimated demand equation for
domestic timber (with standard errors in parentheses):

2n a1,=336—54.2(p2./p1.)°°—85.5(p:./p1)°° +23.3(ps./ P )*°

(47.1) (18.0) (36.7) (24.3)
~185(ps./ i) + 174(pe./p1) — 0.591y, — 8.581.
(34.6) (36.2) 0.771)  (1.05)

Returns to scale

Referring to Table 1, it can be seen that for each of the six equations
the coefficient of output y.(8:7) is not significantly different from zero.
This suggests that the scale effect is very weak and constant returns to
scale may exist in the building industry.
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TABLE 2
Estimation of the Paramerers o,

A

i O Standard error r-ratio
1 -0.03 0.18 —0.16
2 0.19 0.17 1.07
3 0.20 0.20 0.97
4 0.20 0.20 1.04
5 0.37 0.20 1.85
6

-0.29 0.21 —1.40

Price effects: substitution and complementarity

The signs of the estimated parameters are taken to indicate substitutes
and complements. When 3,,> 0, inputs / and j are regarded as substitutes
and when 3;; <0 they are regarded as complements. These relationships
are summarised in Table 4.

In relation to the demand for domestic timber, two features are worthy
of note. First, apart from the relationship between domestic timber and
cement products, the substitution/complementarity relationships appear
to be clearly defined. Second, domestically-produced timber and im-
ported timber appear to be complements. This is probably because of
physical differences between the two inputs. Domestic timber is
predominantly broad-leaved (hardwood) whereas imported timber is
basically coniferous (softwood).

The strengths of the substitution/complementarity effects can be
measured by the cross-price elasticities, calculated from equation (10).
We will be concerned only with domestic timber relationships. The
elasticities will vary with time and have been tabulated in Table A.2 in
the Appendix. We reproduce in Table 5 results for three years from the
sample period to highlight the main features.

As the (3,; are (with the exception of the cement coefficient ,6’14) signifi-
cant at the one per cent level, we can infer? that the corresponding
elasticities are also significant at (approximately) this level. Clearly, the
strength of complementarity between domestic timber and plaster and
that of substitution between domestic timber and labour are the domi-
nant price effects. As discussed later, this feature is important in analys-
ing reasons for the static consumption of domestic timber.

Own-price elasticity of domestic timber

The own-price elasticity of an input has been defined in equation (11)
as:
6,‘,‘ - = Zf(,-
J#i
3 For fixed prices, var (e;;,) is proportional to var (8,/a.). Using an asymptotic approx-
imation (see Theil 1971, p. 374) it can be shown that:

var(B,/a.) = [var@,)/a ] (1-2phB./ at + 232 /a ),

A
where h = [var(a.)/var(B,;)]*° and
p is the correlation between 3, and a,,.
Estimates of & show it to be of smaller order than one, and hence:

var(B,/a,) = [var(B,)]/ .
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TABLE 3

Contemporaneous Correlations Between Residuals of Equations i and j
(i, j=1,2,...,6)

I J=1 Jj=2 /=3 Jj=4 Jj=5 Jj=6
1 1.00

2 0.76** 1.00

3 0.79%* 0.74** 1.00

4 0.80** 0.67** 0.90%* 1.00

5 0.46* 0.49* 0.75%* 0.68** 1.00

6 0.46* 0.33 0.32 0.26 0.30 1.00

* significant at the 5 per cent level.
** s1gnificant at the 1 per cent level.

Using this formula for the three vears shown in Table 5, we computed the
own-price elasticity of demand for domestic timber to be 0.41, 0.65 and
0.48 for the years 1956-37, 1966-67 and 1976-77, respectively. For each
of these years, and indeed for all years of the sample period, these
elasticities are positive—a result which absolutely conflicts with previous
studies and a priori expectations. We believe that the reason for this is in-
herent in the method of computing elasticities with models of the type ex-
pressed by equation (9). The own-price elasticity is calculated as the
negative sum of the cross elasticities with respect to all other inputs.
Thus, if variables are omitted from the model, the own-price elasticity
will be biased. If those variables are substitutes (e;,>0) the own-price
elasticity would be positively biased. In our case, two inputs have been
omitted due to lack of data. These two inputs— steel products and wood
panel products —would be expected to be substitutes and, if included,
would reduce the algebraic value of the own-price elasticity of demand
for domestic timber.

It is legitimate to enquire whether the omission of these variables
would bias the 8, to such an extent that the cross-price elasticities would
also be unreliable. The correlations* between the regressor variables cor-
responding to the price coefficients 3,,, 813 . . ., 316 were small in every
case (of the order of 0.25). Therefore, it seems reasonable to assume that
correlations between omitted price variables and included price variables
would also be low. Any bias in the estimated price coeflicients 3,, (due to
the omission of relevant variables) should thus be negligible, and the
cross-price elasticities (where they are statistically significant) should be
reliable.

In an attempt to overcome this problem with computing own-price
elasticities, we searched for proxy variables to represent the missing
variables. It was found that each of the varables p?° (i=1,2, ..., 6)
could be represented quite adequately by a cubic equation in ¢. The R ?s
varied from 0.96 to 0.99. Assuming, then, that a cubic equation in ¢
would also be an appropriate representation of the missing variables, we
were led to the following equation:

4 The correlations referred to here are not the correlations between relative prices
(square-rooted), for example between (p,/p,)"* and (ps/p1)°*, but rather between columns
of the matrix X defined earlier.
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TABLE 4
Substitution (S) and Complementary (CJ) Relationships Among Inputs

Input Domestic Imported
timber timber Bricks Cement Plaster Labour

Domestic timber X Crex CH* ? CHx* SH*
Imported timber X Sk* ? ? ?
Bricks X ? S* ?
Cement X S#* ?
Plaster X S**
Labour X

? not statistically significant.

* significant at the 5 per cent level.
** gignificant at the | per cent level.
(22) a., =P +p7°‘5[’)/0 +yl+ 72’2 + 'Y}{a] + By, + Bist.

The own-price elasticities can be calculated directly from this equation
as:
€ = u)t/x:)(axr/apt)y

=(p./a)(0a;/dp,),
that is:

(23) e.=[—p>3/2allyo+yit+y22 + ;58]
For the domestic timber input:

a-=382+p%° [-1450+60.21 —0.7912 +0.174]
(52.4) (493) 48.7) (2.7) (0.11)

—4.29y,— 13.01.
0.91) (3.73)

R*-0.9911.

Using these parameter estimates with equation (23), the own-price
elasticities for domestic timber were computed and are tabulated in Table
A.3 in the Appendix. The elasticities for the years 1956-57, 1966-67 and
1976-77 were 0.40, 0.34 and - 0.40, respectively. These results, though a
slight improvement on the earlier figures, are (apart from the last few
years) still positive and remain a disappointing aspect of the study.

TABLE 5
Cross-Price Elasticities of Domestic Timber with Other Inputs

Year Imported

timber Bricks Cement Plaster Labour
15€657 -0.15 —0.23 0.06 -0.51 0.42
1966-67 -0.28 -0.44 0.12 -0.95 0.90

1976-77 -0.38 —0.51 0.14 -0.97 1.25
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In order to arrive at some general assessment of the own-price elas-
ticity of demand for domestic timber, we can use some general principles
of derived demand (see, for example, Lipsey et al. 1981, p. 353). Timber
is highly substitutable with other inputs and forms a very substantial pro-
portion of the total cost of residential building.’ These two facts lead us
to believe that the demand for timber is relatively price elastic, as main-
tained by Ferguson (1973, 1979). However, against this it must be
recognised that demand for the end product, housing, appears to be in-
elastic (see Powell 1966 and Al-Tayeb 1982).

If we accept Ferguson’s (1979) estimate of the own-price elasticity of
demand for sawn timber of about —1.5, the estimated cross-price
elasticities imply that the sum of the cross-price elasticities of the omitted
inputs (steel products and wood panel products) is about 1.8. In view of
the magnitudes of the estimated cross-price elasticities, together with the
likelihood that the omitted inputs are, in the main, substitutes, a sum of
1.8 seems plausible. Thus, our estimates of the cross-price elasticities
seem to be consistent with a relatively price-elastic demand for timber.

Time-path of the input-output ratio

A major concern of the timber industry is that, over a period in which
there has been great expansion in residential building, the consumption
of timber has remained static. That is, the input-output ratio, @,, has
declined steadily over time. Equation (9) can be used to analyse this
decline. Differentiating equation (9) with respect to time, and using the
definition of cross-price elasticities in equation (10}, we obtain:

(25) (da./dt/a.= iZﬁe,_,-,d[ln(p,-,/p,,)]/df + Bime(dy./d) Qi+ Bi e/ A

The time-rate of change of the input-output ratio (expressed as a propor-
tion of that ratio) is thus given as the sum of three components:

(a) Zue,d/dt In[p,./p.] —a term which we call the ‘total price effect’
(the individual terms in this summation are essentially the product
of a cross-price elasticity and a relative price movement; e.g. if in-
put j is a substitute for timber (e, > 0) and if the price of timber is
rising relative to the price of this input (d[In(p,./p..)}/dt<0) the
partial effect from input j is negative, indicating that over time it
will tend to replace timber);

(b) Bi..i{dy./dt)/a;,— an output effect, related to returns to scale; and

(¢) Bime2(1/a,)—a time effect, which can be interpreted in terms of
technological and taste changes.

The signs and relative magnitudes of these three components could in-
dicate the reason for the falling input-output ratio.

Quantification of the price effect would be greatly facilitated if it could
be assumed that d[In(p,./p..)]/dt is constant over time. This is equivalent
to the assumption that Infp,./p.] is linearly related to time. Carrying out
regressions of the form:

(26) In[p,/p.] =Bo+ Bt

5 The Australian Bureau of Statistics uses the percentage weighting 36.16 for the input
group ‘timber, board and joinery’ when constructing the price index of materials used in
house building (ABS 1982).
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we obtained:

n(ps./pi)= 0.083 + 0.0021 ¢ (R2=0.03);
(0.034) (0.0027)

In(ps./pi)=0.077 — 0.0081 ¢ (R*=0.75);
(0.013) (0.0010)

In(pe,/pr1)= 0.060 — 0.0067 ¢ (R?=0.65);
(0.014) (0.0011)

In(ps./p:)= 021 — 0.023 ¢ (R?>=0.85); and
(0.28)  (0.002)

ln(pﬁ,/pl,)=—0.l7 + 0.017 ¢ (R2=080)
0.02)  (0.002)

Thus, apart from the case j=2 (in which In(p;/p.) does not have any
trend), models of the form of equation (26) appear to be quite satisfac-
tory. We therefore estimate the terms d[In(p;./p.)]/dt for i=1 and j=2,
3, ..., 6byzero, —0.0081, —0.0067, —0.023 and 0.017, respectively.
Finally, if y, is approximately linearly related to time, then dy./dr
could also be taken to be constant. Regressing y, on ¢, we obtained:

y,=8.64+0.799 t (R =0.92),
(0.66) (0.05)

yielding an estimate of dy/dt of 0.799. Using the cross-price elasticity
estimates already calculated (see Tables 5 and A.2), we can now quantify
the different components. We demonstrate using 1966-67 values, for
which @, = a1 x/y=97.

Price Effect: Imported timber —-0.28x0.00=0.00
Bricks —0.44x —0.0081 =3.6x 1073
Cement 0.12x —0.0067= —0.80x 1073
Plaster —0.95x —0.0233=22x 107
Labour 0.89x0.0170=15x 1073
Total price effect =40x 1073,

Output Effect. (—0.59x0.799/97)= - 5x 1072,
Time Effect: (—0.08578/0.9921) = — 88 x 1073, Thus, for 1966-67:

(da,/dt)y/a, =(40—5—-88)x 1073 = - 53 x1073.

This disaggregation of (da,/dt)/a, into components reveals some in-
teresting features. First, the overall price effect is strongly positive, in-
dicating that substitution and complementarity have worked in favour of
domestic timber over the sample period. This is, in turn, clearly due to
the strong complementarity with plaster products, whose price has
steadily declined relative to timber, and the strong substitution with
labour whose price has risen relative to timber. Second, the output (or
scale) effect is very weak, as would be expected if constant returns to
scale hold. Third, the dominant negative effect {working against con-
sumption of timber) arises from the taste/technology component. This is
strong enough to outweigh the price effect. We surmise that it may be due
to an increasing proportion of flat construction in the building industry.
The results of similar calculations for years 1956-57 and 1976-77 show
exactly the same features, Together with the above figures, these results
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are shown in Table 6. As an interesting confirmation of the model we
note that if da,/dr is estimated (by multiplying the first and last columns
in Table 6), we obtain — 5.4, —5.2 and — 5.3 for the three years 1956-57,
1966-67 and 1976-77, respectively. These estimates of da,/dt vary so little
across 20 years that a model in which g, is linearly related to time should
be appropriate. This regression yielded:

4y =165-52t (R?*=0.89).
(5.2) (0.4)

The estimated slope of — 5.2 is quite consistent with those obtained from
Table 6.

TABLE 6

Relative Magnitudes of Price Effect (P.E.), Output Effect (O.E.) and
Time Effect (T.E.)

Year a P.E. O:VE. T.E. Total
1956-57 187 20x 1072 -3x107 — 46x 1073 —29x 107
1966-67 97.3 40 x 1073 —5x107 — 88x 1073 —-53x%x107?

1976-77 79.4 47 % 1073 -6x1073 - [08x 1073 -67x107

Uses and Disadvantages of the Method

The approach used in this study of the demand for domestic timber
has been to regard it as an input into residential construction, Such an
approach focuses on the interrelationships that exist with other inputs,
and involves system estimation as opposed to single equation estimation.
This has advantages and disadvantages. An important advantage in the
system approach is that it enables across-equation constraints and cor-
relations between disturbances of the system to be used to increase the
efficiency of estimation. This helps overcome the problem of short time
series mentioned by Ferguson (1979). The method would be appropriate
whenever the variable of interest is demanded primarily as an input of
production and its use is concentrated in a few well-defined areas.

One of the implicit assumptions of the model is that prices are ex-
ogenously determined. In view of the circumstances just described (i.e.
concentration in usage) this assumption is open to question. The authors’
view is that simultaneity bias in the present application is slight because
quantities demanded probably adjust to price changes more rapidly than
prices adjust to changes in demand.

The main disadvantage of the method is that the own-price elasticity,
being estimated by the sum of the cross-price ¢lasticities, will be biased
unless a// the inputs have been included in the model. For practical
reasons this will usually be impossible. First, it is unlikely that data will
be available on every input. Second, even if these data are available, the
size of the system is likely to become too large to be manageable. Sup-
pose we denote by K, the number of inputs and by K, the number of
other variables not subject to across-equation constraints. Then the
total number of parameters to be estimated is K, given by
Ki(K,+1)/2+ K, K. This number becomes very large for a production
process with several inputs. For example, if there are 10 inputs and two
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other variables (in our study these are y, and ¢), K=75. Thus, in practice,
this approach should be used in conjunction with more conventional
methods in order to obtain satisfactory estimates of the own-price
elasticity.

Summary and Conclusions

A system of equations has been estimated in which the input-output
ratios of six of the major inputs to the residential construction industry
are expressed in terms of relative prices. By concentrating on the demand
for domestic timber it has been possible to estimate cross-price
elasticities, scale and taste/technology effects. With models of the kind
used in this analysis, own-price elasticities are found indirectly as the sum
of all cross-price elasticities. Inevitably, as all inputs can never be includ-
ed, estimates of own-price elasticities will be biased.

The falling input-output ratio for domestic timber has been analysed
by disaggregating its time-rate of change and the evidence suggests that
price movements over the last two decades have worked strongly in
favour of timber. However, this favourable price effect has been more
than offset by unfavourable changes in taste and technology. The main
changes in this area are as follows:

(a) an increase in the proportion of flats being constructed, from
about 3 per cent in 1953-54 to 30 per cent in 1973-74 (BAE 1977),
probably leading to a reduction in the demand for timber— it has
been estimated that the average volume of timber used in flat con-
struction is only 5.7 cubic metres compared with 18.5 cubic metres
in houses (Senate Standing Committee on Trade and Commerce
1981); and

(b) changes in technology have resulted in much greater use of con-
crete floors, a decrease in the use of timber for exterior cladding
and building techniques designed to economise on the use of
timber (Wymond 1973).

In these circumstances, the industry will need to find ways of reversing
the taste/technology trend if the demand for timber in the building in-
dustry is to be boosted.
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TABLE A.2
Timbper Cross-Price Elasticities

Imported
Year timber Bricks Cement Plaster Labour
1956-57 ~0.15 -0.23 0.06 —0.51 0.42
1957-58 -0.19 -0.28 0.08 —0.63 0.53
1958-59 -0.18 —0.29 0.08 -0.64 0.55
1959-60) —0.19 —-0.29 0.08 —0.64 0.56
1960-61 -0.23 —0.33 0.09 -0.73 0.65
1961-62 —0.23 -0.36 0.10 —0.80 0.72
1962-63 -0.23 —0.35 0.09 -0.76 0.68
1963-64 -0.22 ~0.35 0.09 -0.75 0.67
1964-65 -0.24 -0.37 0.10 -0.80 0.72
1965-66 -0.26 —0.41 0.11 —0.88 0.81
1966-67 ~0.28 -0.44 0.12 —0.95 0.90
1967-68 -0.29 —0.45 0.12 -0.97 0.92
1968-69 -0.33 —0.50 0.13 -1.05 1.04
1969-70 -0.36 -0.53 0.14 —1.10 1.11
1970-71 —0.38 —0.58 0.16 -1.20 1.21
1971-72 -0.39 —0.60 0.16 —1.25 1.30
1972-73 —0.38 -0.57 0.16 -1.17 1.26
1973-74 -0.43 -0.56 0.15 —1.09 1.24
1974-75 -0.38 -0.52 0.14 -1.02 1.23
1975-76 -0.39 -0.55 0.15 —1.08 1.33
1976-77 -0.38 -0.51 0.14 -0.97 1.25
TABLE A3
Alternative Timber Own-Price Elasticities”
Standard
Year Elasticity error {-ratio
1956-57 0.40 0.13 3.10
1957-58 0.48 0.15 3.20
1958-59 0.47 0.14 3.30
1959-60 0.44 0.13 3.40
1960-61 0.48 0.14 3.50
1961-62 0.47 0.13 3.50
1962-63 0.43 0.12 3.50
1963-64 0.39 0.11 3.50
1964-65 0.37 0.11 3.30
1965-66 0.36 0.12 3.00
1966-67 0.34 0.13 2.70
1967-68 0.29 0.13 2.20
1968-69 0.24 0.15 1.60
1969-70 0.18 0.17 1.00
1970-71 0.10 0.19 0.50
1971-72 0.01 0.22 0.02
1972-73 -0.09 0.23 -0.41
1973-74 ~0.19 0.24 -0.80
1974-75 -0.25 0.23 -1.10
1975-76 -0.35 0.26 -1.30

1976-77 -0.40 (.26 - 1.50

« Estimates based on equation (23).



