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Introduction

Introduction

Since the first oil shock, the investment ratio has fallen in
most European countries. The slowdown in capital accumu-
lation which has taken place over 10 years or so has only
recently been reversed. A pertinent question is whether the
current recovery of investment will be sufficient to reinforce
a rate of growth in the Community which is high enough to
reduce unemployment? Will productive capacity be suf-
ficient? The most recent analyses generally show increasing
strains on productive capacity; in 1987, according to fore-
casts of the Commission, [19], capacity utilization should
come close to the peak rates observed in the last 25 years in
Germany, France, Italy and the United Kingdom, well be-
yond the average levels for the 1970s. The present and future
growth of investment and the support for it are one of the
key factors determining Europe’s future position.

The purpose of this document is to provide some reflections
on the determinants of investment. What are they? What is
their relative importance? Is their influence the same in the
short or medium term? Are there differences according to
country? This is a necessary step in the formulation of
any economic policy recommendation. A study has been
undertaken which provides some answers to the above ques-
tions. It should be clearly understood, however, that the
study is confined to the determinants of investment. The
policy instruments which can be used to influence these
determinants and the budgetary, fiscal and financial rules
governing them are not considered at this stage. Such a
consideration would require a more general macroeconomic
view, including an examination of the room for manceuvre
on policy in each European country. In particular it would
mean measuring the relative effectiveness of the different

policy instruments which may influence the determinants of .

investment. This might be a logical follow-up to this study,
but it is not its present purpose.

In Part I a coherent framework is developed which encom-
passes the three fundamental determinants of investment:
demand, the relative cost of the factors of production (capi-
tal and labour) and profits. Accordingly, the determinants
of investment vary at the level of each firm, in line with the
constraints perceived by the firm on different markets, i.e.

the ‘accelerator-relative costs-profits’ model considered in
this paper covers cases in which some firms face sales con-
straints and others financing ones.

In Part II, econometric estimations are presented using two’
sets of data. The first is quarterly and contains data for
Germany, France, the United Kingdom and the United
States; the second is annual and covers Germany, France,
Italy, the Netherlands and the United Kingdom. The data
relates to fixed capital formation of firms in the market
sector (and as a result does not include residential invest-
ment, investment in the non-market sector and stockbuild-
ing). The period covered is the 1970s and the beginning of
the 1980s (to 1984 for the quarterly data and to 1983 for
the annual data). The most recent period is therefore ex-
cluded. Two specifications are used, corresponding respect-
ively to two separate technological constraints, the putty-
putty and the putty-clay production function.

The robustness of the results is also tested on the basis of
an analysis of the stability of investment behaviour over
time (Part 11I). Two groups of tests have been developed.
The first examines possible breaks in the general relationship
between investment, demand, relative prices and profit
(cusum test, cusum of squares test, Chow test, Quandt’s
likelihood ratio test). The second group of tests focuses on
the stability over time between investment and each of its
determinants taken separately (moving regressions). As a
result of these tests sub-periods of relative stability for each
country can be determined. Within each of them, the coef-
ficients of the equations, and therefore investment behav-
iour, can be considered stable. The econometric estimates
carried out on each of these sub-periods then provide elas-
ticities of investment relative to determinants.

Finally, Part IV examines the relative importance of the
determinants of investment. Which of the determinants
seems most appropriate for stimulating capital accumu-
lation? Are short- and medium-term considerations and the
country recommendations the same? In order to answer
these questions, two points have been taken into account:
first, the elasticity of investment in relation to its determi-
nants, and second, the variability of each of these determi-
nants. The importance of a determinant therefore depends
not only on its effectiveness in stimulating investment, but
also on the ability to vary it.

11



The determinants of investment

I. Determinants of investment: Theoretical basis

The purpose of this section is to describe the theoretical
basis for the investment functions which are estimated for
a number of Community countries in Part II of this report.
These models have been discussed in the recent economic
literature on investment and only the main characteristics
are covered here.

Econometric studies on private investment show that three
factors can play a key role in determining investment: de-
mand, the relative cost of the factors of production, and
profits. However, the majority of theoretical approaches
justify the introduction of just one of these variables.! It is
only recently that models which encompass all three factors
have been mathematically derived. The derivation used in
this study is based on a disequilibrium approach and assumes
that the factors influencing investment vary, at the level of
each firm, in line with the constraints perceived by the
firm on the different markets concerned by the investment
decision (goods market, the labour market, and the capital
market).

With this approach, an ‘accelerator-relative costs-profit’
model covers cases in which some firms are constrained by
sales outlets and others by their financing potential. The
theoretical basis of this mode! is described betow.?

A. Accelerator models — relative costs

A.l. Theoretical basis

Disequilibrium theory allows the derivation of a model of
investment that includes both demand and relative factor
costs. The model describes the investment behaviour of firms
which are faced with situations of Keynesian unemployment,

' Accelerator models for demand, neo-classical models for relative costs

or Tobin models among others for profits.

The model used for the econometric work is a combination of an effective
demand model (where firms are rationed in goods markets, but not in
the labour market and where consequently the desired capital stock is a
function of expected demand and expected relative factor prices) and a
model where firms are constrained on capital markets so that profits also
play a role. Implicitly such an approach means that neither a simple
equilibrium (no constraints) nco-classical model is considered, nor is a
disequilibrium approach with either classical unemployment or with
repressed inflation. However, it should be remembered that the use of
either a neo-classical model or a classical unemployment model, where
firms do not face constraints on the goods or the labour market, would
imply that the desired level of the capital stock is solely a function of
the real cost of labour and the real user cost of capital. Furthermore,
as the empirical work in this study relates in general to periods of
unemployment the model of repressed inflation was ruled out a priori.

2

12

i.e. they face a sales constraint and are obliged, therefore,
to produce at a below-optimum level. Although firms face
a sales constraint, they are not constrained on other markets
(labour market, capital goods market, capital market).

Formally, their behaviour may be described in the following
way:

Minimize wL + cK ' 1)
subjectto Y = Y = F (K, ePlL)

The firm minimizes its production costs? (cost of labour
(wL) and the cost of capital (cK), with ¢ representing the
user cost of capital) while facing a sales constraint (Y is
given). Output Y is produced by a two-factor production
function F (capital and labour) and technical progress is
assumed to affect both capital (neutrality according to
Solow) and labour (neutrality according to Harrod). Returns
to scale are equal to v, and imply mathematically that the
production function is homogeneous of degree v.

F (e®K, AePlL) = AvY )
The optimum level K* of capital is given by solving (1).4

This leads to (see Annex I for more details):

1
K= —Y-ob(¢c—w) —a+ (ad—pb 3
v
where:
SIn(K/L)
o represents the elasticity of substitution = ——————,
Sln(w/c)

b represents wage costs expressed as a proportion of total
production costs

wL
b= —— and
wL + ¢cK

} Since marketing outlets are given and prices fixed, minimization of

production cost is identical mathematically to profit maximization.
Resolution of system (1) also yields the optimum demand for labour.
From an econometric viewpoint the demand for capital and for labour
should, therefore, be estimated at the same time. In this study, demand
for capital has been estimated independently.

4



Determinants of investment: Theoretical basis

X designates the rate of variation of variable X:

dx/dt

X =
X

Equation (3) can be regarded as the basic equation for any
mode!l of the accelerator-relative prices type. Assuming a
constant rate of capital depreciation over time,

dK/dt = 1 — 8K, @

equation (3) can then be written in the equivalent form:

I’ 1 .

— =—Y-ocbC-W-a+(@—-Pb+3 (5)
K v

In other words, the rate of accumulation I/K is a growing
function of the rate of variation of demand, (the coefficient
of proportionality being interpreted as being the inverse of
the returns to scale) and a decreasing function of the rate
of variation of relative prices (user cost of capital/wages per
capita). The coefficient of proportionality is constant if both
the elasticity of substitution (o) and wage costs expressed as
a proportion of total costs (b) are constant. This is strictly
verified only in the case of a Cobb-Douglas function.! Simi-
larly, owing to the presence of b, the term (—a + (a—f)b
+ 3) is constant in that case only. 4 priori its sign is
indeterminate; the technical progress incorporated into capi-
tal is often presumed negative (o <0) whereas the technical
progress incorporated into labour is positive (B > 0), the rate
of depreciation § being positive.

After integration and assuming b to be constant, equation
(3) becomes:

1 c
logK*'= —logY — oblog — + [(a — B)b — a]t
v w

+ Cte 6

Written in this form, the equation can provide another
starting point for econometric tests.

A.2. Econometric specifications of the accelerator-relative
costs model

The basic equation (3), or its variants (5) and (6) cannot be
used for direct econometric tests for at least two reasons:

Empirically, wage costs expressed as a proportion of total production
costs are not constant. Even so, the econometric tests carried out show
that the introduction of b as a variable (the explanatory variable becom-
ing B(C — W) instead of (¢ — w)) did not significantly alter the results.

(1) the capital stock K* is a desired stock that may deviate
from the level recorded in view of adjustment costs and
the time it takes to make investments;

(ii) the determinants (Y and ¢/w) are expected variables on
which investment decision is based today. '

The problem of the delay between desired and realized
investment is generally solved using a distributed lag func-
tion. To simplify an adjustment process of the Koyck type
is assumed:

K/K_, = (K*K_)* or K=AK*+(1-MDK_; (7

Similarly, the expected variables have been approximated
by way of distributed lag processes:

Y, =PL)Y (¢/w), = QL)S/wW) (8)

where P and Q are ‘lag operator’ polynomials where the
sum of coefficients are equal to 1/v and — ob respectively.

Two types of equation for investment behaviour result,
therefore, depending on assumptions made regarding the
production function.

(a) Putty-putty production function

In this case, expectations regarding demand and relative
prices lead firms to adjust the entire stock of capital.

Equation (5) with the allowances made for adjustment per-
iods and expectations results in the following econometric
specification of the accelerator-relative costs model with a
putty-putty production function:

I I
—=0-»

“K_, K_,/ -

¢
+ o, (L)Y + o,(L) | —
w

+ Cte &)

The rate of accumulation? is a linear function.of the

K
-1
rate of accumulation in the preceding period (autoregressive
model), the rate of change of demand and the relative price
of factors of production.

The sum of the coefTicients of the polynomial ¢, (L) is equal
1

to A —: and equal to — Aob for the polynomial @,(L).
v

dK/dt AK 1
in continuous time is written —— = ——
K K_, K_,;

[P]

The variable K =

~ & in discrete time,

13



The determinants of investment

(b) Putty-clay production function

In this case the investment decision relates only to new plant
and machinery (i.e. the most recent vintage and not total
capital stock). The volume of capital incorporated into that
vintage is equal to the investment made. The demand to be
met is equal to the output achieved with that vintage, i.e.
the difference between total output before and after incor-
poration of the new vintage and net of depreciation (Y —
(1 =38Y_)).

The basic equation written in form (6) then provides the
econometric specification of the accelerator-model with
putty-clay production function:

logl = (1 - A)logl_,; +
c
y; L) log[Y —(1 = 8)Y_;] + y,(L)log — +
w
yt + Cte (10)

wherey = —a + (a—-B)b

The autoregressive equation is log-linear and a temporal
trend (t) appears. As before, the sums of the coefficients of
the polynomials of lag y, and y, are interpreted econ-

omically as . — for y, (inversely proportional to the re-
v

turns to scale) and — obA for y, (proportional to the elasti-

city of substitution). However, in this case, these parameters

and the share of wage costs in total production costs (b)

characterize the marginal production function.

B. Profit models

To the two determinants of investment analysed above (the
accelerator phenomenon and the relative price of the factors
of production) is added the third factor, profits.

However, the theoretical justification for introducing a profit
variable is less sound. Considered simply, two distinct theor-
etical frameworks allow its inclusion. They are based, re-
spectively, on the concept of a financing constraint and a
profitability constraint.

The first of those frameworks relates once again to disequi-
librium theory. While some firms face constraints as a result
of deficient demand, others may be constrained by a lack of
internal and external financing. If it is assumed that external
financing (borrowing, recourse to shareholders, etc.) is con-
ditioned by the scope for internal financing (self-financing),

14

then the volume of investment subject to financial con-
straints is equal to:

. Aut
P,
I Aut
or _—= = g(n) (11
K_, PK_,

where 7 is the profit ratio, i.e. the ratio of self-financing to
capital valued at replacement cost.

It should be noted in this context that the existence of a
constraint connected with a balance sheet debt ratio —
although used by many authors — is called into question
by Malecot and Hamon [14], who consider that the debt
ratio is used as a proxy for the firm’s risk of bankruptcy
anticipated by lenders. According to this approach, it would
be better to use a debt ratio which took account of the
market’s expectations on the future of the firm.

If the share of firms facing a sales constraint is written as 0
and their investment as I, then, for ail firms:

I Iy I
— =0 — +(-0) —
K_, K_, K_,
Iy ' Iy lf‘
with —— =1 -2 | — + A —
K_, <K—|>-l K_,

It
=(1-2) (—) +o5(L)g(m) (12)
-1

K—l

Unless it is assumed a priori that the proportion 0 is constant
over time, the value of this parameter should be estimated
econometrically (probability that firms are demand con-
strained) [16]. In this study only estimation of simple equa-
tions has been made. without considering the disequilibrium
approach. In other words, it has been assumed a priori that
0 is stable over time while allowing the possibility of testing
its validity (cf. Part 111 on the tests of stability over time).

The second theoretical framework draws on the approach
of Tobin and stresses the role of profitability. According to
Tobin [21], investment is undertaken if the stock market
value of a firm is greater than the replacement value of its
capital, the relationship between these two values being
denoted by the variable q. This variable q can be interpreted
as reflecting the profitability expected by the market.



Determinants of investment: Theoretical basis

Recent studies have established a link between Tobin’s ap-
proach and the neo-classial approach. Some of these studies
[7]), [22] show that the neo-classical process of maximizing
profits leads to the Tobin model if the costs of adjusting the
capital stock are introduced into the definition of profits.

Other authors [12] and [10] justify the influence of profita-
bility by means of uncertainty over sales. Here it is assumed
that the firm faces uncertain demand (instead of a fixed sales
constraint, i.e. certain demand). In this situation, expected
profits are maximized in such a way as to simultaneously
determine productive capacity and the demand for capital
and labour.! The productive capacity installed does not
necessarily allow the firm to continually satisfy demand,
which may then be rationed owing to inadequate supply.
Without going into the details of the mathematical formu-
lation, it can be shown that this productive capacity is a
decreasing function of the uncertainty of demand and an
increasing function of expected profits. Accordingly, the
investment decision depends not only on expected demand
(accelerator effect) and relative prices but also on the ex-
pected rate of profit [10]:

c
log K* = log E(Y) — o [log—— log E(T,)
p
1[*
+ oy log — (1 — o)ygt + Cte (13)
cK* :

where E(Y) is the mathematical expectation of demand;
p the price of output and c the cost of using capital;
T, the rate of productive capacity utilization;
n* expected profit, ¢ the elasticity of substitution
between labour and capital, o the uncertainty re-
garding sales constraints and yy the rate of technical
progress in the case of capital.

! Using standard notation (see [10] for further details), the firm's behaviour

can be expressed in the following terms:

Max E(n) = E(pY — wL — ¢K")
KL% Y*

I
YO = y[8(e® K70 + (1 — §) (P L) P] - —

p
long-term production function CES
|
- == short-term production function
Y Y

Y = min (Y% Y*) where Y4 is a random variable and represents the
demand to be met by the firm.

ZA =A—>10

This second approach, which has still been relatively little
used, therefore allows the reconciliation of the accelerator-
relative prices model with the profit model.

C. Two specifications of the ‘accelerator-.
relative costs-profit model’

The foregoing theoretical observations, lead to two specifi-
cations of the accelerator-relative costs-profit model, the
first corresponding to a putty-putty production function and
the second to a putty-clay function.

I I ¢
— = A, +A LY+ A,(L)|—
K—l K—l -1 w

+ A;(L)yn + Ay : (14)
logl = Bylogl_; + B/ (L)log{Y — (1 - 8)Y_))
c

+ B,(L)log — + B3 (L)logn + B, t + By (15)
w

where? A; =1 -A>0 By=1-1>0

the sums of the coefficients of the lag polynomials with the
notation X A, are equal to:

0
v = returns to scale
v

0 = share of firms facing sales constraints as to marketing
outlets

LA, = —Acb<0 o = elasticity of substitution

b = wage costs divided by total production costs.

el
IB =\ —>0
-

1 This interpretation of the parameters corresponds to a disequilibrium
approach to investment behaviour.

15



The determinants of investment

IB, = —A'0a’b' <0

A, =0[-a+(a—P)b+3]

a = rate of capital-saving technical progress

B, = 8[—a'+(a'—B)b’]

B = rate of technical progress incorporated into labour

In general the parameters cannot be identified, although if
it is assumed, for example, that returns to scale are constant

1 ZA,
(v=1),then,8 =X A /A ando = - ———
b ZA

16

It should be noted that in the long term, the role of profits
is different in the two specifications: a shock maintained on
profits will disappear in the putty-clay model, whereas it will
continue to stimulate investment in the putty-putty model.
These two specifications, although traditional, are not im-
mediately comparable although they would be if, in the
putty-putty model, the profit ratio appeared in first differ-
ences.



Econometric results

I1. Econometric results

The two accelerator-relative costs-profit models (equations
(14) and (15)) described in Part I, form the basis of the
econometric tests. These two specifications correspond to
putty-putty and putty-clay production functions.

The econometric estimations have been made using two
different sets of data. The first, compiled for the purposes
of the Quest model (multi-country Compact model) which
is being developed in the Commission’s Directorate-General
for Economic and Financial Affairs is quarterly. Only four
countries are currently included: Germany, France, the
United Kingdom and the United States. The period covered
differs according to country, from 1965-84 for Germany to
1970-84 for the United Kingdom. The second, developed
for the purposes of this study (see box for further details),
is annual. It covers a larger number of countries (Germany,
France, Italy, the Netherlands and the United Kingdom)
but fewer years (generally speaking 1970-83). Therefore,
neither of the two data sets, whether annual or quarterly,
extends to the most recent period.

The data relates to firms in the market sector and for
investment covers only ‘productive’ investment. As a result,
the analysis does not include residential investment, invest-
ment in the non-market sector and stock building.

Two underlying principles were observed for the econo-
metric estimations. They concerned:

(i) identical specifications, irrespective of the country con-
cerned, and

(i1) uniform data so as to ensure comparability of results. In
particular, the three determinants of investment—de-
mand, relative prices and profit—were included in the
equations even though, in some cases, their influence was
not statistically significant.

The results presented below correspond to estimates using
ordinary least squares. The equations were also estimated
by maximum likelihood techniques in order to eliminate the
biases of simultaneity occurring between investment and
demand (investment being one of the components of de-
mand), and between investment and the profit ratio.! The
results of these estimates are given in Annex II. On the
whole, they do not differ significantly from the least square
estimates.

! Solely for the putty-putty model. The full model is then written:

I 1 . c
—=A, [— +A DY+ ALY —
K_, K_, /- w

+ A (L) + A,

Y=1+R R = other components of demand

n = profit/p, K

where profit is measured either by the gross operating surplus, or by the
aggregate ‘value added — wage costs — capital costs’. It should be
noted that simultaneous bias only appears where the profit ratio is
approximated by variables in which capital intervenes directly, and where
the coefTicient of n_ in the polynomial A, (L) is not zero.
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Statistical box: Definition of variables used

Annual data is derived from the sectoral data base of the
Commission.

uarterly data is drawn from national sources, DIW (W. Ger-
many), Insee (France), CSO (UK), BEA (USA), and is season-
ally adjusted.

1. Investment

This variable corresponds to gross enterprise investment at con-
stant prices. In annual equations, it is measured by gross fixed
capital formation (GFKF) of the market sector, i.e. excluding
GFKEF of the non-market sector and housing.

The quarterly investment series refer to private fixed investment
in equipment and non-residential construction as defined in the
corresponding quarterly accounts.!

2. Capital stock

The annual capital stock data for enterprises comprises the
capital stock of the market sector excluding the capital stock of
structures in the branch ‘other market services” which represents
the housing capital stock.2

The quarterly fixed capital stock data have been derived from the
annual data series described above, by statistical interpolation.

3. Demand

Demand is measured by gross value added at factor cost in
the ‘market’ sector for the annual equations. In the quarterly
equations, total final demand including exports is used.

' For the UK un attempt at harmonization has been made by including fixed investment
of public enterprises (calculated on the basis of annual data).

Except for France where the data for the capital stock of structures for the branch
‘other market services™ 1s not available. Here the capital stock of the market sector is
used.

4. Relative costs

The definition of the user cost of capital is a simplified version
of the Jorgenson formula, which essentially ignores the effect of
changing tax rates and depreciation rules.

¢c=p(r—pc+39)

with ¢ = user cost of capital
p; = price index of investment goods
r = nominal interest rate (long term)
f)f = expected inflation rate on investment goods>
& = depreciation rate (6 = 0,1)

For the question of expectations, an adaptive process has been
used:

Pt = (- M BO + 2B, (A = 0,66)

The wage cost is defined as salary per head and obtained by
dividing total wages (including employers contributions) by
number of employees. In the quarterly equations this cost is
defined for the whole economy, in the annual equations just for
the ‘market’ sector.

5. Profits

Three indicators for the rate of profit are used in the annual
equations. The first is the ratio of gross operating surplus to
value added at factor cost, with gross operating surplus defined
as the difference between value added at factor cost and wage
costs. The second is the ratio of ‘economic’ profit to the capital
stock valued at replacement cost. The numerator is obtained by
subtracting wage costs and capital costs from value added. The
third variable used is the ratio of gross operating surplus to the
capital stock valued at replacement cost.4

In the quarterly equations, the rate of profit is defined as the
ratio of gross company saving to GNP or GDP depending on
the country. The definition of profit is therefore narrower than
that using gross operating surplus but wider than that using
‘economic’ profit, in the case of the annual equations.

¥ For the annual estimates. a user cost of capital for certain countries has been used in
which the price inflation observed for investment goods has been substituted for an
expected inflation rate.

4 The capital stock excludes housing except in the case of France.

18




Econometric results

A. Estimations based on quarterly data

Tables 1 and 2 give the results of the estimations using
quarterly data for the putty-putty and putty-clay models.
The lag structures for the explanatory variables have been
constrained (Almon method), using polynomials of degree
2 and occasionally of degree 3 (see Tables 1 and 2). At this
stage, two periods have generally been estimated — the
entire period covered by the data, and the period following
the first oil shock (1974/1-1984/1V).

The following comments deal in turn with estimation, econ-
omic analysis and the lag profile.

A.l. Estimation

Despite the difficulties usually experienced with investment
equations, the econometric results seem reasonable. All coef-
ficients have the correct sign and most of them are signifi-
cantly different from zero. Over 90 % of the variance of the
dependant variable is generally explained, except in the case
of the United Kingdom. The assumption of non-autocorrela-
tion of the residuals is acceptable in virtually all cases.! The
standard error of the regressions, measured either by the
standard deviation of the residuals relative to the mean of
the explanatory variable in the putty-putty model or by the
standard deviation of the residuals for the putty-clay model,
lies between 1,3% and 3,3 %.

The influence of the accelerator variable is significant in all
cases, that of the profit and relative price variables less so
(approximately half the time). From a statistical viewpoint
(significance of the coefficients, R2, standard error), the
putty-clay model seems to be more satisfactory for all
countries than the putty-putty model although both are
acceptable. The following analysis therefore covers both
estimation forms.

A.2. Economic analysis

A
1
The long-term coefficient of the accelerator variable

IB,

or which can be interpreted in economic terms as
1- B,

the relationship between the share of firms facing sales

constraints and the returns to scale, is relatively weak. There

! Only first order autocorrelation has been tested. Preliminary tests were
also performed to detect autocorrelation risks of the fourth order. They
indicate that such autocorrelation may exist in the case of Germany.

is a continuing tendency for demand to decline (except in
the United States) if the period following the first oil shock
is considered. It would seem more reasonable a priori to
ascribe this to the relatively large and growing proportion
of firms facing financing constraints (d® < 0) than to very
high and increasing returns to scale (v > > 1 and dv > 0).
This assumption seems to be borne out for Germany since
the relative variations of the coefficients £ A, and X A,
between the two estimating periods are roughly identical
and contrast with those for £ A; (these variations corre-
sponding to that of 8, and that of 1 — 0 respectively).
However, this interpretation (decline over time in the influ-
ence of demand and relative prices with a corresponding
increase in the influence of profit) is acceptable only for
Germany since the variations in coefficients for the other
countries are not compatible with changes in the share of
firms facing financing constraints. The influence of all the
determinants declines over time in the case of France and
increases in the case of the United States. As for the United
Kingdom, while the influence of demand seems to decline,
that of relative prices and profit increases. These changes
cannot, therefore, be interpreted simply as straightforward
switches from Keynesian demand deficient situations to
situations of financial shortage. The reason for those changes
is probably to be found, therefore, in the actual investment
behaviour of firms. The statistical analysis of these breaks
is discussed in Part III.

A3. Lag profile

Given the lag structure of the explanatory variable, the full
effects of the various determinants of investment appear

“only gradually. This phenomenon is further accentuated by

the auto-regressive nature of the equations estimated. The
average time for these determinants to act can, therefore,
be interpreted in two ways, those stemming from the lags
affecting the explanatory variable itself and those that are
due to the auto-regressive variable. Table 3 gives the esti-
mations of these different lags according to their origin.

The average periods referred to are longest in the case of
profit:2 generally speaking, they range between five and 10
quarters, although a figure of 18 quarters is recorded for
the United States. They are much shorter and, in many
instances, similar in the case of demand and relative

[

Except for the United Kingdom in the case of the putty-putty model.
Of the two theoretical justifications for the role of profits, expected
profitability and financing constraints (see Part 1.A.), the empirical results
seem to give greater support for the first mechanism, given the lags
involved.
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Table 1

Econometric results of the putty-putty quarterly model

| | c
—_—= A0< > + A (L)Y + A,y (L) <—>+ Aj(L)m + A,
K_ 1 K_ 1/ -1 w
Long-term coefTicient
_ SER
Couniry Period A IA, A, IA, A, R — 1 P )
LHS mean
1-A, 1-A, 1-A,
FR of Germany 1965/11-1984/1V 0,838* 0,318* -0,026* 0,053 0,001 0,955 0,028 0,588 61,4%
1974/1-1984/1V 0,481* 0,083* -0,010 0,165* -—0,003 0,695 0,030 — 33,9%
France 1968/111-1984/1V 0,620* 0,229* -0,008* 0,064* 0,001 0,979 0,019 1,756  59,6%
1974/1-1984/1V 0,714*  0,206* -0,006* 0,035 0,002 0,944 0,019 0,212 933%
UK 1970/111-1984/1V 0,746* 0,111* -0,006 0,017 0,003 0,752 0,033 —-2,150 3,8%
1974/1-1984/111 0,600* 0,099* -0,008* 0,052* 0,002 0,712 0,031 —-1,927 17,1%
USA 1967/11-1983/1V 0,938* 0,644* -0,055 0,072 -0,001 0,945 0,016 0,268 95,9%
1974/1-1983/1V 0,932* 0,723* -0,009 0,169* —0,001 0,965 0,013 -—-0,145 453%
¢ = coeflicient (short term) significant at 5% level.
R? = R?corrected SER = standard crror of regression;
LHS mean = mean of dependent vanable.
h = Durbin’s hstaustic  h = (1-0,5S DW) (NOB, |-NOB.$2(A“))0"
where DW = Durbin-Watson statistic, NOB = number of obscrvations, s (Ag) = variance of Ag.
P (°) = probability that jon is absent (probability that p is not significantly different from zero in the test
Y= Pu o+ fix) + ¢ where v is the residual | K, = fix)) + ¥)
Lag structure
Ist column = max. lag
2nd column = initial lag
3rd column = degree of polynomial
4th column = constraints on polynomial
A, A, A,
FR of Germany (1 5 2 tail 9 2 tail 16 -4 2 tail
2) 5 2 tail 12 -3 2 tail 16 -4 2 tail
France (1) 11 3 tail 6 2 tail 11 -2 2 tail
(2) 11 3 tail 6 2 tail g8 -2 2 tail
UK . H 6 2 tail 12 2 tail 8 -2 2 tail
(2) 6 2 tail 12 -2 2 tail 8 -2 2 tail
USA )] 7 3 tail -1 6 2 head & tail
(2) 5 3 tail -1 14 -6 2 head
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prices—generally between three and seven quarters, but
16 quarters in the case of the United States.!

These differences show up clearly in Graph 1, which depicts
the lag profiles for the putty-putty and putty-clay models.

1 In the case of the United States, the length of the lags stems primarily

from the auto-regressive term.

The length of the lags and the inverted u-shaped profile are
the reasons why the average period taken for the profit effect
to work through is a long one. For the determinant demand,
the lag profile shows a continuous decline, with the major
impact taking place quickly. In the case of relative prices,-
the lag profile is intermediate between that of demand and
profit.

Table 2
Econometric results of the putty-clay quarterly model
c
Log I = Bylogl _; + By(L)log [Y - (1-8)Y _,] + By(L)log— + B;(L)logn + B,t + B;
w
Long-term coefTicient
Country Period B, B, 1B, B, B, B; R? SER h P(p)
1-B, 1-B, 1-B,
FR of Germany 1965/11-1984/1V  0,606*  0,300* -—0,237* 0,800* 0,0025* 1,01* 0,969  0,0290 0,431 4,1%
1974/1-1984/1V 0,134 0,140* -0,130* 0,884* 0,0065* 3,32* 0,949 0,024 -0,325 59,1%
France 1968/111-1984/1V  0,363* 0,174* -—0,070* 0,846* 0,0053* 2,53* 0,985 0,018 2,227 64,1%
: 1974/1-1984/1V  0,489* 0,075* -—0,021 0,331* 0,0039* 1,95* 0,955 0,0182
UK 1970/111-1984/111  0,264* 0,139* -0,029 0,166  0,0027* 5,68* 0,896  0,0289
1974/1-1984/111 0,164 0,086* —0,049* 0,325* 0,0039* 6,88* 0,857 0,0270
See footnotes to Table 1.
Lag structure
BI BZ BJ
FR of Germany )] 9 2 tail 4 2 tail 14 -5 3 head & tail
3] 9 2 tail 4 2 tail 14 -5 3 head & tail
France n 8 2 tail 5 2 tail 13 3 tail
(7)) 8 2 tail 5 2 tail 13 3 tail
UK 1) 11 2 tail 12 -5 3 head&tail 13 -2 2 tail
2) 6 2 tail 12 -2 2 tail g8 -2 2 tail
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Table 3

Average periods for the investment determinants to act!

Av . Demand Relative prices Profit
crage periods
1n quarters Variable Autoregr. Total Variable Autoregr. Total Variable Autoregr. Total

FR of Germany

putty-putty 1,0 52 6,2 2,2 5,2 7.4 9,2 5,2 14,4

putty-clay 2,7 1,5 4,2 0,6 1,5 2,1 43 1,5 5,8
France

putty-putty 2,6 1,6 4,2 2,2 1,6 3,8 5,6 1,6 52

putty-clay 2,6 0,6 3,2 24 0,6 3,0 71,7 0,6 8,3
United Kingdom

putty-putty 1,5 30 4,5 4,6 30 7,6 3,0 3,0 6,0

putty-clay 3,7 0,4 4,1 3,2 0,4 3,6 4,7 0,4 5,1
United States

putty-putty 1.3 15,2 16,5 1,0 15,2 16,2 2,5 15,2 17,7

The average periods are calculated on the basis of the estimations made for the entire period 1965-84 or 1970-84. The effects attributable to the variable and to the auto-regressive part are explained

in footnote 1.

! An auto-regressive model of the type

T T
(Dy=ay |+ I bx  =ay ; + I bL'xisequivalentto
0 0
ac T o
Iy = I a4l I blx|= I ¢bx
j=0 i=o0 ji=0

it can then be shown that:

b T

I i L b,

0 0 a
- +

L T 1 -3

I ¢ I b

0

The average total period is equal 1o the sum of the average period attributable solely to the explanatory variable and to the average period attnibutable to the auto-regressive part

B. Estimations for the annual data

Estimations using the same specifications as above (putty-
putty model or putty-clay model) were carried out for the
annual data.

Tables 4 and 5 give the econometric results obtained for the
putty-putty and putty-clay models respectively. Given the
small number of observations, these tests invariably covered
the entire period for which data were available. For that
same reason, no attempt has been made to accurately investi-
gate the lag structures affecting the explanatory variables as

22

was possible in the case of quarterly data. By contrast, the
choice of the profit indicator was examined more closely
than in the case of the quarterly data and the influence of
profit was tested using different indicators.

B.1. Estimation

As with the quarterly data, the two investment models are
difficult to estimate, and the results obtained thus appear
highly satisfactory. Adjusted R? lies between 0,73 and 0,93
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in the case of the putty-putty model and between 0,62 and
0,96 in the case of the putty-clay model; the standard errors
of the estimations range from 3% to 6% for the putty-putty
model and from 2% to 4% for the putty-clay model. All the
coefficients have the desired sign. The three determinants
demand, relative prices and profit are generally significant.
This is invariably the case with demand, very often the case
with profit but less often for relative prices. These results
mirror the conclusions which have appeared in the quarterly
tests, and again the putty-clay model appears slightly more
satisfactory.

B.2. Alternative indicators of the profit ratio

Three profit variables were used:

(i) variable © represents the ratio of gross operating surplus
to value added, in nominal terms;

(ii) variable ©" represents the ratio of value added minus
wage costs minus cost of use of capital to the value of
capital at replacement cost. It approximates an econ-
omic profit ratio;

(iii) variable n"' represents the ratio of gross operating sur-
plus to the capital stock valued at replacement cost.

In general, the three profit indicators are not always signifi-
cant yet yield equally satisfactory results, and the choice of
indicator has little effect on the coefficients of the other
investment determinants.

Alternative specifications for the role of profit were also
tested econometrically. To be more precise, in the putty-clay
model a linear (and not a log-linear) influence of the profit
ratio was introduced. Once again, this alternative did not
significantly affect the influences of the other determinants.
For this reason, these alternative results are not given.

B.3. Comparison of the annual and quarterly models

For three countries — Germany, France and the United
Kingdom — investment behaviour equations were estimated
using both quarterly and annual data. Are the relative influ-
ences of the investment determinants identical and indepen-
dent of the period chosen? To answer this question, the
quarterly models were aggregated analytically to produce
an annual form and then compared with the estimates of
the annual models.
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Table 4

Econometric estimates for annual putty-putty model

I I <
= A, + ALY + AL [— )+ A Lyx + A
K - K - -1 w
1 1
. Demand Relative prices Profit SER
Country Period " - - ; ; Const. R? DW LHS
! Y Y, (c/w) (c/w)_, x ", x_y mean
FR of Germany 1973-83 0.56 0.052 -0.020 0,42 -0,16 0,78 2,62 3,0%
(3.93) (1.52) (2.71) (3,23) (2,62)
France | 1973-83 0.13 -0,0032 0,16 - 0,026 093 2,29 28%
(3.89) (-121n) (4,74) (-1,78)
France 1] 197283 0.17 -0.0081 0,076 0.044 0,73 1,28 6.3%
(3.63) (-1.99 2.99) (26,3)
Ttaly 1973-83 0.12 —=0.0097 0,39 -0,13 0,77 1,93 5.5%
(2.85) (—233) (3.73) (—2.55)
United 1972-83 0.059 —-0,0028 0,091 0,049 0,83 2,50 3.8%
Kingdom (4.07) (~3.93) (6,55) (59.8)

The rate of profit x represents the ratio of gross operating surplus to value added.

The rate of profit x° represents an economic profit rale = (valuc added - wage costs — capital costs) relative to the value of the capital stock at replacement cost.

DW = Durbin-Watson statistic.
SER LHS mean = siandard error'mean of dependent variable.
t statistics appear in brackets.
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Table §

Econometric estimates for annual putty-clay model

[

Log I = Bylogl_; + B\(L)log {Y —(1—-8)Y _,] + By(L)log— + B;(L)logn + B,t + Bs

w

Demand Relative prices Profit
Country Period logl_, Time Const. R? SER
log[ | log(]_, log ¢/, log (*/\)_, logn logn _ | logn™ logn” _,
FR of 1 1971-83 0.80 0.11 -0.25 1,25 0,0033 183 0,96 2,0%
Germany (7.12) (3.43) (—4.29) (2,51) Ly (1,0)
11 1971-83 0.83 0,14 -0,31 0,55 0,007 091 0,95 2,3%
(6,36) (4,07) (—-4.73) (1,72) (1,30) (0,46)
France 1 1972-83 0.59 0.28 -0,075 1,26 0,020 2,36 0,94 2,3%
(2.27) (2.82) (- 147 (2,53) (242)  (0,57)
11 1972-83 0,58 0.28 —0,081 0,60 0,028 2,61 0,93 24%
(2.18) (2,76) (—1.48) (2,42) (2,72)  (0,62)
Italy I 1972-83 0.60 0,24 ~0,059 1,73 0,013 2,84 0,89 2,6%
(3.25) (6,30) (—1.16) (2.48) (2,68) (1,27)
I 197283 0.53 0.19 -0,080 0,79 0,020 4,05 091 2,3%
(3.13) (4,56) (—1,65) (3,05) (3,39) (1.89)
The 1972-83 0,63 0.19 -0,25 1,14 -0,0005 246 0,72 4,0%
Netherlands (2,13) (137 (—3.65) (1,62) (-0,10) (1.21)
United I 1972-83 0.63 0.13 -0,025 0,31 0,0008 0,62 29%
Kingdom! (2.52) (4.61) (—1.40) (1,62) (0,09
i1 1972-83 0,53 0.13 -0,028 0,24 0,0078 0,64 2,9%
(2,15 (4.56) (- 1,59 (1,76) (0.88)

The rate of profit r represents the ratio of gross operating surplus to value added.

The rate of profit n”* represents the ratio of gross operating surplus to the capital stock valued at replacement cost.

SER = standard error.
U statistics appear in brackets.

! The UK equations have been estimated in first differences.

The principle of aggregation that has been adopted to trans-
form the quarterly models into equivalent annual ones is the
following. The two models are assumed identical if their
multipliers are equal under isolated shocks of similar magni-
tude which are limited to one year or to the quarters of that
year. The aggregation methodology applying this criterion
is developed in [4].!

The following points emerge from the comparison of the
aggregated quarterly models and the estimated annual
models:

1. The direct annual estimation does not adequately capture
the lag structures of the explanatory variables. This

It can be demonstrated that a quarterly auto-regressive model of the type
(1]

YW= Ay t g B, x-; ie P(L)y, =Q()x

is equivalent to the following annual model:

S+2
Yr=agYr_ + g b X1
where S is such that4S + 2<0 < 4S + 6
= A
:,g = a§/4 b = oy/4 — ale;_ /4

@; representing the multipliers of the quarterly model aggregated over
the four quarters of the ith year after the shock. In calculating these
multipliers, account was taken of whether the variable was a flow or
a stock.
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Table 6

Comparison of the aggregated quarterly models and the estimated annual model

Demand! Relative prices! Profit!
Auto-
»Model regressive
0 -1 -2 -3 IA -1 -2 -3 IA, 0 -1 -2 -3 -4 1A,

putty-putty
FR of Germany

aggregated 049 0074 0083 0,005 0,162 -0,0041 —0,0069 —0,0020 —0,0001 -0,013 0 0010 0038 0041 0017 0,106

estimated 0.56 0.050 0.050 -0.020 - 0,020 042 0,42
Frunce

aggregated 0.15 0.070 0084 0032 0008 0194 -0.0021 —0.0037 —0,0006 —0.0064 0009 0085 0105 0024 0,223

estimated 0 0.130 0,130 -0,0030 —0.0030 0.160 0,160
United Kingdom

aggregated 031 0.031 0.041 0,005 0,077 -0.0004 —0,0018 —0,00i6 —-0,0003 —0,004} 0,006 0033 0,008 0,047

estimated 0 0.060 0,060 -0,0030 —0,0030 0,090 0,090
putty~clay
FR of Germany

aggregated 0.13 0.08 0.14 0066 0012 030 -0.013 -0091 -0013 -0,002 —0.12 0 0.16 115 1.43 0.40 kN

estimated 0.80 0.11 011 -025 -0.25 1,25 125
France

aggregated 0.02 0.06 0.09 0,02 0.17 -0002 -0,045 -0,002 -0.07 0.22 0.53 1.49 1.03 0,05 332

estimated 0.59 0,28 0.28 -0,075 -0075 126 1,26
United Kingdom?

aggregated 0005 004 0.06 0.03 0.14 0 -0,004 -0.018 —-0008 -0.029 0027 0227 028 0.118 0.66

estimated 0.53 0.3 013 -0,028 -0,028 0.24 0.24

2

coefTicient 0 = unlagged: — | = lagged onc year. ctc.
IA, = sum of cocflicients.
For the UK the annual model has been estimated in first differences.

NB: The aggregation of the quarterly models has been performed from parameters estimated over the entire sample period (first lines of Tables 1 and 2).

difficulty is accentuated by the small number of annual
observations available.

Even so, the annual estimations generally identify the
lag with the greatest influence; the degree of lag of the
annual variable corresponds fairly well to the highest
coefficient in absolute value in the lag structure of the
aggregated quarterly model, except perhaps for profits.

There are differences too for the sum of the coefficients.
The ratio of that sum between the two models is of the
order two to one, in other words the difference may be
important to the extent that a coefficient estimated by
one method (for example annual) can be equal to a half
or twice the coefficient estimated by the other (quarterly).
There may be various reasons for these differences: weak
significance of certain coefficients, difference of estimat-
ing period (see the study of temporal instability in Part
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1II), differences in the basic data and the indicators used
for the annual and quarterly equations. Be that as it
may, this is not unusual in any econometric exercise,
given that the estimated values for the parameters have
quite large confidence intervals. This is particularly true
of investment equations which are difficult to estimate.!

This problem of precision should be borne in mind in the
final conclusions.

One improvement that could be made with the annual esti-
mations would be to use the structure of lags observed in
the quarterly equations.

1

There may be a variety of reasons for the difficulty of estimating invest-
ment equations: poor statistical quality of the capital series, difficulty of
measuring capital costs, instability of investment behaviour, difficult
derivation of specifications from theoretical analyses.
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III. The stability of investment behaviour over
time

A number of indications of instability in investment behav-
iour have been apparent in the above discussion. A system-
atic analysis of the stability of the equations over time is set
out in this section. The main focus is on the quarterly
estimates since the annual estimations have insufficient de-
grees of freedom to perform the standard stability tests. Two
groups of tests have been undertaken. The first group is
concerned with possible breaks in the general relationship
between investment, demand, relative prices and profits. A
full analysis of the results of these tests is given in Annex
I11. Subsection IIILA below gives only a summary of these
results.

The second group of tests focuses on the stability of the
bilateral relation between investment and each of its determi-
nants. As before, a full analysis of the results is given in
Annex 1V, and subsection III. B is confined to a summary.
Following a short review of possible recent breaks in subsec-
tion 111.C, conclusions relating to stability over time are set
out in subsection I11.D.

A. A statistical analysis of the stability of global
investment behaviour

This subsection presents the results of stability tests for four
countries, Germany, France, the United Kingdom and the
United States. The United States have been added for
reasons of comparison. Annex III gives a full analysis of
the results.

A.1. Methodology

The stability tests have mainly concentrated on the putty-
putty investment model. By way of comparison and vali-
dation, the tests have also been applied to the putty-clay

FR of Germany X — o ——

France

United Kingdom

United States

equations, but the full details are not presented. The esti-
mations already presented (Table 1), which sought to estab-
lish whether there was a break at the time of the first oil
shock, have not shown any fundamental break in the struc-
ture of the lags relating to the variables. For that reason,
but also for reasons of simplicity, the search for any break
has been directed at the long-term coefficients, i.e. to the
long-term and not short-term influence of each of the deter-
minants of investment.

Four stability tests have been performed to investigate the
stability of the influence of demand, relative prices and profit
on investment. They comprise the Chow test, cusum test,
cusum of squares test and Quandt’s likelihood ratio test.

A.2. Results and initial tentative conclusions

Examination of these tests allows initial tentative con-
clusions concerning possible breaks in global investment
behaviour. If there are any breaks they should be situated
as follows:

(1) for Germany, two breaks seem possible: in 1970 and,
less clearly, in 1983;

(ii) for France, various break points can be discerned: in
1971, during the period 1976-78 and, perhaps, at the
beginning of 1984, with the period 1976-78 seeming to
correspond to a period of instability and transition;

(iii) for the United Kingdom, the different tests indicate
three breaks in investment behaviour: around 1975, in
1978 and lastly at the end of 1982;

“(iv) for the United States, there is also evidence of three

breaks: in 1970, around 1976-77 and at the beginning
of 1980.

The various breaks are summarized in the following dia-
gram:

—_———— X — — — —

75 76 77 78 79 80 81 82 83 84
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There appear to be three broad periods in which breaks may
have affected investment behaviour:

(i) the beginning of the 1970s;

(i1) the years following the first oil shock, although the
breaks occur with varying delays according to the coun-
try in question. Whether these breaks result from
changes in the choice between factors of production
following the increase in the price of energy can not be
substantiated in this purely statistical analysis;

(iii) the most recent years, mainly in Europe.

B. The stability over time of individual
regression coefficients (moving regressions)

In the previous subsection an indication of possible global
breaks in the investment equations has been given. In this
subsection the temporal stability of the individual coef-
ficients in the investment equation is examined, and hence
the relation between investment and each individual deter-
minant.

B.1. Methodology

As before, the analysis is principally concerned with the
quarterly estimates of the putty-putty investment equation,
in which the weights of the distributed lags remain fixed.
Complementary tests have been made for the putty-clay
specification.

The method used to analyse the constancy of individual
coefficients is that of moving regressions. It consists of fixing
the size of a sample period, for instance 20 quarters (5 years)
in this case, and then performing regressions on subsamples
of this size while moving through the entire sample period.
Observation of the changes in the value of the coefficients
then makes it possible to analyse stability over time.

B.2. Results

An analysis of these moving regressions reveals the following
(see Annex 1V for more details).

For Germany, among the two possible breaks in German
investment behaviour that have been indicated, only the first
in 1970 seems to be substantiated. The lack of recent data
may mean that it is difficult to identify the latter break in
1983 using moving regressions. There is evidence, therefore,
of relatively stable coefficients throughout the post-1970
period. Compared with the preceding period (the 1960s), the
1970 break results in a lower demand elasticity, a weaker
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influence of relative prices, a more important role for profits
and an increase in the speed with which investment responds
to each determinant.

For France, a comparison of the moving regressions with
the results of the preceding section reinforces their validity.
Three possible breaks had been detected: 1971, 1976-78 and
1984. The moving regressions lead to similar conclusions
but also allow an examination of which determinants are
responsible for the breaks. The first break in 1971 seems to
have been solely due to profit, whose role seems to have
strengthened. The particularly marked break in the years
1976-78 was due to all the determinants and resulted in a
weakening of their influence. Investment behaviour seems
to have become more self-reinforcing (increase in the weight
of the autoregressive variable and therefore less sensitive to
variations in demand, relative prices and profit). Finally, the
last break at the end of 1984, which was brief and concen-
trated on the last quarter of 1984, was probably due to a
strenthening of demand at the expense of relative prices.
However, is this change significant and will it be permanent?
This point will be discussed in the following chapters.

The picture which emerges for the United Kingdom is
broadly in line with the breaks suggested in the previous
subsection. Periods of stability seem to be 1972-75, 1975-78
and 1978-84, the last period possibly including a break at
the beginning of 1983. Throughout these periods the roles
of demand and relative prices seem to have increased. The
role of profits has gained importance until 1978, but its
influence has more recently weakened. The ‘inertia’ of invest-
ment behaviour as indicated by the mean lag has increased
during the 1975-84 period.

The situation for the United States is not easy to analyse
because of extremely high values for the coefficients of the
lagged dependent variable. The results for the long-term
elasticities therefore have to be viewed in abstraction from
these extreme values. The conclusions drawn from the mov-
ing regressions partly reinforce those from the preceding
subsection, except for the 1980 break which emerged more
clearly in the earlier tests. The post-1978 period is character-
ized in the United States, by a decline in the role of profits,
counterbalanced by an increase in the influence of demand
and relative prices.

C. Break in investment behaviour in the recent
period

The analysis of the two previous sections (III.A and 111.B)
suggests that breaks may have occurred for each of the four
countries in the 1980s. Given the importance which such
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behavioural changes could have for current economic policy,
specific attention has been paid to the latest period.

To avoid interference from previous breaks (mostly during
1977-78), the stability tests previously used were undertaken
for the period following 1977-78. These tests covered both
the overall stability of investment behaviour (Chow test)
and the specific stability of each of the determinants (Chow
test using dummy variables, due to the limited number of
observations in the latter period).

For Germany, France and the United States, the three
suspected breaks! (1983/I11, 1984/I1 and 1980/I1 respect-
ively) were clearly rejected. No break in investment behav-
iour whether general or specific to certain determinants
appears to have occurred in the recent period (disregarding
1985 and 1986 for which no comparable data was available).

In the United Kingdom, by contrast, a break (based on a
Chow test at a 5% significance level) seems likely to have
occurred in the fourth quarter of 1982, caused it seems by a
simultaneous strengthening of the influence of demand and
relative prices, with the role of profit not being affected.

D. Conclusions and estimations for stable
periods

The previous sections have presented the tests of global
stability and stability of individual deteminants of invest-
ment behaviour over the period 1970-84 for three European
countries and the United States.

Following this, econometric estimations have been made
for the three European countries over each sub-period of
stability. The estimation results are given in Table 7. In each
case the estimation for the total sample period is presented,
followed by those for the ‘stable’ sub-periods. The starting
dates and end dates of these periods have been determined
on the basis of the evidence of subsections IIL.A, I111.B and
III.C, supplemented with additional Chow tests in some
cases. In general, several quarters have been omitted between
the end date and start date of two consecutive periods to
cope with break points that are not precisely determined. In
the case of France eight quarters have been omitted due to
the transitional period 1976-78. The weights of the distrib-
uted lags remained fixed for each country irrespective of the
sub-period.

' In any case. some reservations existed concerning these breaks. because

of their brief character.

In Germany, the only break in investment behaviour appears
to be during the late 1960s (second half of 1969). Before.and
after this break, the relative effect of the accelerator and
profits has stayed approximately the same but both were at
a lower level in the latter period.

This reduction cannot be interpreted, on macroeconomic
grounds, as changes in the share of firms which are demand-
constrained, but as actual changes in investment benaviour
at microeconomic level. The influence of relative prices is
insignificant for each stable sub-period.2 The final change
to note, although it is not easy to interpret, is the decrease
(in absolute value) of the constant c,. This coefficient reflects
a depreciation rate (assumed constant) and a combination
of capital and labour-saving technical progress. The decrease
in the constant c, after the year 1970 could then be the
consequence of lower capital productivity.

As noted earlier, the period 1976-78 is highly unstable for
France, and therefore the two ‘stable’ periods lie either
side of this period. In fact, the relationship remains highly
unstable after 1978, and the coefficients of relative prices
and profit are insignificant at a 5% level. In the latter
period, the influence of all investment determinants weakens,
whereas the ‘inertia’ of investment strengthens (increase in
the mean lag), implying a much less dynamic response to
the different determinants than for the 1968-76 period.

In the United Kingdom, frequent changes in investment
behaviour can be observed. The negative autocorrelation
which is detectable in the estimation for the complete sample
period, clearly appears in the first two sub-periods, where
negative coefficients for the lagged dependent variable are
obtained. For these two periods, therefore, the results should

.be interpreted very cautiously. In addition, there is an in-

crease in the accelerator and profit coefficients paralleled by
a decrease in the constant i.e. the same phenomenon as for
Germany but in the opposite direction. Moreover, these two
periods appear to be the main source of the poor statistical
quality of the overall relationship. As shown in the previous
section, the final period 1978/1V-1984/111 contains a signifi-
cant break after 1982/1V for the demand and relative price
coefficients. The demand influence increases sharply(the
coefficient almost doubles), while the relative price effect
changes from an insignificant positive value to a very strong
significant negative value. On the basis of its long-term
coefficient, the relative price role in the United Kingdom
for the most recent period is relatively important, more so
than for Germany or France.

re

However. it is significant when tested for the whole period. It can be
regarded as a perverse econometric effect of the 1970-break so the profit
variable swamps the effect of the relative price variable in the two sub-
samples.
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Table 7

The putty-putty investment equation for stable periods

I | C
—_—= + (1—c¢g) [e)f(L)Y + cg(L) | — J+ c3h(L) @) + ¢4
K - . K -1 -1 w
Long-term coefTicients SER
Country Period I c R? LHS DW h P(p)
< cy < mean
FR of Germany 1965/11-1984/1V 0,8383 0,3183 —0,0262 0,053 0,0012 0,957 0,028 2,117 -0,560 0,586
1965/11-1969/11 0,7833 10,4422 0,034 0,796! —0,025 0,943 0,025 2,347 -0,766 0,512
1970/1-1984/1V 0,5513 0,107 -0,004 0,167 —0,003! 0,962 0,025 1,792 1,223 0,228
France 1968/111-1984/1V  0,620> 0,229 -—0,008% 0,0643 0,0013 0,980 0,018 1,667 1,443 0,744
1968/111-1976/111  0,4653 0,1953 —0,0052 0,1043 0,00001 0,972 0,013 2,213 -0,648 0,651
1978/111-1984/IV  0,860% 0,157 -0,003 0,076 0,0004 0,930 0,015 1,836 0,507 0,813
United Kingdom 1970/111-1984/111  0,7463 0,1113 —0,006 0,017 0,0032 0,752 0,032 2,448 —1,9972 0,049
1972/1-1975/1 —0,210 0,0352 -0,005 0,005 0,0162 0,381 0,026 2,332 -—1,843 0,327
1975/1V-1978/1 —0,200 0,0622 —0,010! 0,0662 0,004 0,625 0,019 2,361 -0,728 0,993
1978/1V-1982/I11  0,5042 0,037 0,008 0,014 0,0053 0,870 0,020 2,387 —4.3273 0,108
1982/1V-1984/1114 0,067 -0,0112

1
2
3
4

= significant at 10%.
= significant at 5%.

= significant at | %. (The significance pertains to the short-term coeflicients.)

Tested with dummy variables. Only the modified cocfficients are given. A Chow-test revealed a significant break for these two cocflicients at a significance level of 5%.
Note: For a description of the column headings, see Table 1.
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IV. Relative importance of the determinants of
investment

The intention of the econometric work that is presented in
this paper is to try to measure the relative influence of the
various determinants of investment. To stimulate invest-
ment, for example, is it more effective to promote a general
upturn in activity or to act on the relative prices of the
factors of production, or to improve the financial situation
of firms? Are the short- and medium-term recommendations
the same?

The econometric and statistical work described establishes a
basis for attempting to answer these questions. Quantitative
estimates have been produced of the elasticities of investment
(or of capital) with respect to each determinant. However,
comparisons of the annual and quarterly models (see the
chapter on aggregation) and the analysis of the stability of
investment behaviour over time (Part III) have also given
an indication of the accuracy of the findings, which is not
particularly high, but not entirely unexpected. This is due
not only to the probabilistic nature of the econometric
methods used, but also to the usual difficulties which econ-
bmetricians encounter in testing investment equations. (See
Chapter 11.B.3 for more details.)

Nevertheless, it is possible to make some fairly reliable
conclusions as to the relative influence of the determinants
of investment and to derive some relatively secure economic
policy recommendations concerning the means of boosting
investment. These recommendations, however, are limited
to the three determinants through which economic policy
could act to achieve a maximum effect. Defining the instru-
ments to be used and the conditions governing them
(whether budgetary, fiscal or financial) belongs to another
area of analysis. This would require a more macroeconomic
view and a consideration of the room for manceuvre in
each European country. It would also mean measuring the
relative effectiveness of the different policy instruments,
taking into account not only their direct effect — often
simultaneous — on the three determinants of investment,
but also their indirect effect.

The following section describes the methodology used for
measuring the relative influences of the three determinants
and then sets out the principal conclusions.

A. Methodology

The method chosen to determine the relative influence of
the determinants of investment essentially consists of
carrying out dynamic simulations of the econometrically

estimated equations. Each of the determinants is increased

in turn by a given proportion; starting from a given year,

and for five consecutive years, the level of demand is
dy

increased by x%| —= x|, the level of the ratio of relative .

8 w/C

= y), and the profit ratio by z per-
w/c
centage points (dn = z). The simulations then show the
)|
sensitivity of investment — to each of these changes.
I

Two stages can be identified in the presentation of these
simulation results.

As a first stage, the simulation results are used to calculate
the required relative change for each determinant to induce
a given relative change in investment, after five years. The
main advantage of this method is to allow a comparison of
alternative shocks having equivalent effects on investment.
The drawback is that it provides no assessment concerning
the feasibility of these shocks in terms of economic policy,
nor any criterion of comparability regarding the scale of
these shocks. Yet some method of comparison is necessary
in order to measure the relative weight of the influences of
the various determinants. Therefore, in a second stage, the
following comparability rule has been defined; the shocks
are comparable if they are proportionate to the ‘variability’
observed in the past of each of the corresponding determi-
nants. In economic policy terms, this means implicitly that

. a determinant can be manipulated as a policy lever in pro-

portion to its variability in the past and a contrario a determi-
nant which has varied little over the past is liable to be
difficult to modify by the usual economic policy instruments.

X = o(l?l) o = standard deviation
y = o ciw H! m = average
z = m(An)) | | = absolute value

Such a standardization makes it possible to compare the
simulations directly and to deduce the relative influences of
the determinants of investment.

! In this part relative prices are designated as the ratio of wages 1o the user

cost of capital in order that an increase gives rise, as it does for the other
determinants, to an increase in investment.
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The results and analysis of the simulations are presented
below. They have only been carried out on the putty-clay
models estimated in annual and quarterly forms.

The method can provide no more than orders of magnitude.
The variables included in the investment equation are not
directly comparable to economic policy instruments. As a
result, their past variability already includes the effects of
certain economic policies and therefore does not simply
measure the ease with which they can be manipulated in the
future.

In order to corroborate this approach, an additional graphi-
cal method has also been developed, which presents the
relative influences of the determinants in a visual manner.

A single graph shows the trend over time of the variable
which is explained (investment) and the respective contri-
butions of the explanatory variables (its determinants). For
the putty-clay model, the graph shows the changes over

time of log I, of lgg\ll (estimated value of log 1), of the
contribution of demand, BTTL) log[Y, - (-8 Y, _,]of
the contribution of relative prices 3/2?1-) log ¢,/w and of the
contribution of profit BT(\L) log n, where Bi/(\L) designates
the estimated value of B, (L).

These graphs need, however, to be interpreted cautiously.
Firstly, they provide information which is qualitative rather
than quantitative. Secondly, they show only the part of
the change in investment which is explained by that of its
determinants. The relative contribution of the determinants
is therefore proportional to their relative variability and not
to their relative level with respect to the vertical axis.

These graphs are shown only for the putty-clay model esti-
mated in annual form,

I Certain atypical observations for which the rate of variation of ¢/w was
exceptional and of which the frequency of appearance was slight were
ignored in order to avoid an artificial upward bias in the value of y.
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B. Results

B.1. Preliminary analysis

The initial simulations involve the levels of demand and
relative prices increasing by 1% (x = y = 1%) and the profit
rate by one percentage point (z = 0,01). These increases have
been maintained in the years following the shock.2 Table 8
gives the results of the simulations. The shock which is
necessary on each variable to ensure a 1% increase in the
level of investment after five years has then been calculated.

Three important and general conclusions can be drawn:

1. The influence of demand is particularly marked in the
short-term. Its impact is greatest in the year in which its
increase occurs (except in the Netherlands, although this
result would seem to require cautious treatment). It then
declines steadily over time to stabilize at a positive level.
This phenomenon simply reflects the well-known acceler-
ation effect. A growth in productive capacity necessi-
tates, in the short-term, a more than proportionate in-
crease in investment. In the long-term, the additional
residual investment which appears in the simulations
simply corresponds to replacement investment, i.e. the
growth of capital necessary to satisfy the additional
demand entails an increase in investment which in the
long term replaces fully depreciated equipment.

2. The influence of profit is more structural in nature. It
therefore has its full impact in the medium and the long
term.

3. The influence of relative prices. although more difficult
to estimate, alsc seems to be more structural in nature.

If the annual shocks on each determinant to increase invest-
ment by 1 % after five years are examined (see Table 8a), it
seems that the largest variation exists in the case of relative
prices. Depending on the country considered the required
shock varies between 1,2 and 17,7% (annual case) and
between 4,3 and 42 % (quarterly case). In comparison the
equivalent shocks for demand are of the order of 1 — 2%
and 3,3 — 7,5 % respectively and for profit 0,1 — 0,6 % and
0,1 — 0,9 % respectively.

B.2. The effect relative to the determinants of investment

The second stage in measuring relative influence consists of
carrying out standardized simulations. The standardization
coefTicients chosen to ensure the comparability of the influ-
ences on investment are given in Table 9.

2 Form of shock.
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Table 8

Sensitivity of investment to its determinants

Putty-clay models estimated on annual (A) and quarterly (Q) data

Percentage effect

on investment of 1% on demand of 1% on relative prices! of 1 point on profit rate
of an increase

Years Years Years
Effect after:
1 2 3 4 5 | 2 3 4 5 1 2 3 4 s
FR of Germany A 080 075 071 0,68 0,66 025 045 061 074 084 0 2,75 509 698 843
Q L1060 079 038 031 030 0,19 023 023 024 0,24 0 068 3,75 6,16 6,39
France A 205 149 116 097 085 0 0,07 0,12 0,14 0,16 281 446 559 624 6,62
Q 072 o040 018 0,17 017 005 0,07 007 0,07 007 073 2,75 17,03 8,75 945
United Kingdom A 1,22 09 0,70 0,58 0,50 0,025 0,041 0,051 0,057 0,061 0 077 1,27 1,56 1,73
Q 068 051 0,17 0,14 0,14 0 0,009 0,027 0,029 0,029 011 0,52 100 1,13 108
Italy A 152 115s 093 079 071 0 0,059 0,095 0,12 0,13 0 3,50 561 698 781
The Netherlands A 0O 1,54 1,16 093 0,78 0 0,25 041 0,51 0,57 0 2,65 436 532 587
of an increase :? of x% on demand of y% on relative prices of z points on profit rate
FR of Germany A LLI9 1,13 107 1,03 1,00 030 0,54 073 088 1,00 0 033 061 083 1,00
Q 249 265 1,50 1,05 1,00 056 094 099 100 1,00 0 004 038 083 1,00
France A 23 1,74 136 LI13 1,00 0 046 0,74 090 1,00 043 068 085 094 1,00
Q 268 244 1,12 101 1,00 032 095 1,00 100 1,00 006 0,19 05 0% 1,00
United Kingdom A 239 1,78 139 LI5S 1,00 041 067 083 09 1,00 0 043 0,71 09 1,00
Q 263 263 167 102 100 0 012 074 100 1,00 003 032 076 101 100
Italy A 211 1,60 129 1,11 100 0 046 0,74 090 1,00 0 047 0,73 089 1,00
The Netherlands A0 198 149 1,19 1,00 0 044 071 088 09 0 045 073 091 1,00

! In this case. the ratio of wages to user cost of capital.

? The increases on each of the determinants taken separately was calculated so as to induce a 1% relative increase in investment at the end of five years. These increases (x% on demand, y% on
relutive prices and z percentage points on the prolit rate) are given in Table 8a.
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Table 8a

Shocks necessary to increase investment by 1% at the end of five years

Scale of the annual shock Demand Relative prices Profit rate
to be given for five years on (x%) (y%) (z% points)
FR of Germany A 1,52 1,18 0,122
Q 3,32 4,35 0,155
France A 1,17 6,40 0,154
Q 5,90 15,20 0,107
United Kingdom A 2,04 17,70 0,57
Q 7,48 42,00 0,910
Italy A 1,40 8,10 0,13
The Netherlands A 1,29 1,74 0,17
Table 9
Standardization coefficients
A = annual data; B = quarterly data
Demand’ Relative prices! Profit?
A B A B A B
FR of Germany 1,79 1,01 2,91 4,43 0,62 1,45
France 1,98 1,58 7,44 6,42 0,72 0,48
United Kingdom 3.12 1,14 349 13,6 1,49 1,05
Italy 2,38 8,25 1,01
The Netherlands 1,58 5,48 0,87

! Relative chunge as percentage.
1 Absolute change in percentage points.

The variability of the three determinants of investment is
therefore greatest for relative prices, less for demand and
least for the profit ratio, irrespective of the country analysed.
The countries in which the variability of the determinants is
greatest are the United Kingdom and Italy, in that order.
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By applying these coefficients, the relative effects of the
determinants of investment have been calculated using the
method described above and the results are shown in Table
10. Appreciable differences emerge according to the simula-
tions considered, annual or quarterly. These differences are
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due not only to the standardization coefficients but also to
the elasticities, obtained from the annual and quarterly data.
Nevertheless, relatively robust conclusions can be drawn
which are generally corroborated by the graphical represen-
tation of the contributions.

Federal Republic of Germany

In the short term, the acceleration effect is predominant
although it is weaker than for the other countries using
annual data. In the long term, the predominant role played
by profit is clearly shown, the five-year effects for the annual
or quarterly putty-clay are similar and substantial. This
conclusion appears sound because the profit variable coef-
ficient is relatively accurate and no instability is observable
for this parameter since the beginning of the 1970s.! The
influence of relative prices seems less clear. It is weaker than
the influence of demand in the short term, and than the
influence of profits in the long term but is relatively higher
than in most of the other countries.

It would therefore seem reasonable to draw the following
conclusion for Germany: predominance of medium/long

I This was in fact tested only on the putty-putty model but the additional
analysis carried out on the putty-clay model (which not presented exten-
sively) has confirmed this assessment.

term profit, relative moderate short term influence of de-
mand and a moderate influence from relative prices.

France

The analysis of the simulations for France also shows that
the demand and profit effects are predominant. In the short
term, the accelerator effect is appreciable, particularly for
the annual data. This result may, however, be due to the
simultaneity bias inherent in the ordinary least squares
method (see Annex II). Even though a break occurred in
the period 1977-78,! it only slightly lessened the impact of
demand (see Table 10). However, the accelerator effect is
relatively short term and after five years, the impact of
demand is markedly weaker. As is the case for all countries,
the influence of profit is predominant in the medium term.
Finally, the impact of relative prices is clearly slight. In
addition to the graphical evidence (low variability of the
contribution of relative prices), there are two further argu-
ments to support this view: a weak medium term impact in
the simulations and a declining relative price coefficient
(becoming insignificant) following the behavioural break in
the years 1977 and 1978 (see Table 7).

To sum up, there is a relatively appreciable accelerator effect
in France, predominant in the short term but temporary,
profit plays a determining role in the medium term and
relative prices have a negligible impact.

Table 10

Relative importance of the determinants of investment

Putty-clay models estimated on the basis of annual data (A) and on the basis of quarterly data (Q)

Relative changes

in investment (as %) Demand! Relative prices! Profit ratio!
due to an increase in:
Effect after: 1 year 2 years 5 years 1 year 2 years S years | year 2 years 5 years

FR of Germany A 1,43 1,35 1,18 0,73 1,32 2,46 0 1,70 521
Q 1,11 0,80 0,30 0,82 1,00 1,04 0 0,98 9,27
France A 4,05 295 1.69 0 0,55 1,20 2,03 3,22 4,77
7 Q 1,14 0,64 0,10 0,32 0,45 0,45 0,35 1,32 4,54
United Kingdom A 3,79 2,81 1,55 0,88 1,43 2,15 0 1,15 2,57
Q 0,78 0,58 0,16 0 0,14 0,41 0,11 0,55 1,13
Italy A 3.62 2,74 1,70 0 0,49 1,07 0 3,55 7,92
The Netherlands A 0 243 1.23 0 1,38 3,14 0 2,30 5,09

' The extent of the initial shocks on demand, retative prices and the profit ratio is standardized (sce Table 9).
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United Kingdom

The poor statistical quality of the econometric estimates
for the United Kingdom should first be noted. The tests
undertaken showed considerable instability in investment
behaviour from 1972 to 1978 and even up to 1982. Over
these different periods, some estimated coefficients have
signs which are incompatible with theory (see Table 7). The
conclusions drawn should therefore be treated with great
caution.

The role of the accelerator is predominant in the short term
but temporary as is the case for France, there is a progressive
effect due to profits but less marked than Germany and
France, and relative prices are important in the medium
term.! On the basis of the econometric significance of coef-
ficients, however, only the influence of demand is certain.
The impact of profit is significant only for certain periods
and is not so in the most recent period (see Table 7) or for
the annual tests of the putty-clay model (see Table S). The
same applies to relative prices.

' This result can chiefly be explained by the scale of the standardization

coefTicient allocated to relative prices. This reflects a particularly high
past variability for this variable for the United Kingdom.
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The analysis of the graph also shows a high contribution
from demand, and a relatively high contribution from rela-
tive prices (which is close to the contribution from profits).

The only reliable conclusion that can be drawn for the
United Kingdom therefore seems to be the central role
played by demand in the short term. The influence of the
other determinants is more uncertain. The profit effect,
although predominant in the medium term, is relatively less
marked than in the case of the other countries and is also
uncertain. Doubts also remain about the relatively important
medium-term role played by relative prices.

Ttaly

The analysis of the simulations for Italy clearly shows that
the demand and profit effects are dominant. The picture is
in all respects close to that for France. Moreover, the graphs
confirm this assessment.

The conclusions made for France can therefore be repeated:
predominance of the accelerator effect in the short term

although fleeting, crucial role for medium/long-term profits
although more marked than in the case of France and
the slight impact of relative prices, irrespective of the time
horizon.

The Netherlands

The relative influences of the determinants of investment in
the Netherlands differ markedly from those observed for
the other European countries. The predominance of the
effect of relative prices is clearly shown, followed by profits.
The role played by demand is relatively slight. More pre-
cisely, the accelerator phenomenon is relatively inevident,
witness the absence of an effect after one year (which casts
doubt on the results). By contrast, the influences of relative
prices and profit gradually increase and become predomi-
nant in the medium term. Moreover, the effect of relative
prices is highly significant, whereas the profit impact is only
just so (see Table 5).

The substantial contribution of relative prices (see Graph 6)
reinforces this assessment.
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The predominant influence of relative prices on investment
behaviour in the Netherlands seems to be the main con-
clusion that can be drawn. It reflects considerable substi-
tution possibilities between factors of production. The profit
impact is also appreciable, although more uncertain. Finally,
the role played by demand appears to be moderate.

Conclusions

The aim of this article was to define the role of the main
determinants of investment and to measure their relative
influence in the short and medium term and according to
the country considered. :

Disequilibrium theory has been used to provide a coherent
framework covering the three main determinants of invest-
ment: demand, the relative cost of the production factors
(labour and capital) and profits. The resultant equations
relating to investment behaviour have been estimated econ-
ometrically, using both putty-putty and putty-clay specifi-
cations, and quarterly and annual data. The quarterly data
cover Germany, France, the United Kingdom and the
United States, and the annual data include Italy and the
Netherlands in addition to the same three European
countries. The period of analysis covers the 1970s and the
early 1980s (up to 1984 for the quarterly data, and 1983 for
the annual data). The econometric results are relatively good
despite the expected estimation problems. The influence of
demand is always significant, profits generally so, although
the influence of relative prices is less apparent (approxi-
mately half the time).

The lags in the estimated equations differ markedly accord-
ing to the determinant. For the European countries, profit
influences investment only after a relatively long period
(generally between 5 and 10 quarters) but the influence of
demand and relative prices is more rapid (between 3 and 7
quarters). The lag profile also varies according to determi-
nants. Demand plays a dominant role in the short term (with
the lag profile decreasing continuously) and the role of
profits is essentially medium-term (inverted u-shaped lag
profile).

The stability over time of investment behaviour has also
been tested to assess the robustness of the results. Breaks
appear at different times depending on the country but most
of them are in the years following the first oil shock. Over
the most recent period (1982-84), only the United Kingdom
exhibits a significant break in investment behaviour.

An approach has been developed (see Part IV.A) to analyse
the relative influences of the different determinants of invest-
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ment. Two aspects have been taken into consideration,
namely the elasticity of investment relative to its determi-
nants and the variability of each of the determinants. Fur-
thermore it has been assumed that the variability of a deter-
minant in the past is an indicator of the ability to influence
it using economic policy. During the period considered,
relative prices have fluctuated the most, followed by de-
mand, and lastly profits.

Three general conclusions can be drawn from this analysis:

(i) the influence of demand is especially important in the
short term. Its impact is greatest in the year in which it
increases. It then declines steadily over the period. This
phenomenon merely reflects the accelerator effect;

(ii) the influence of profit is more structural in nature. It
does not, therefore, achieve its full effect until the me-
dium to long term for the five EEC countries analysed.
This influence seems, therefore, to stem more from the
role of expected profit than the self-financing constraint
in the short term;

(iii) the influence of relative prices, although more difficult
to estimate, also seems to be more structural in nature.

With a degree of caution appropriate to the precision of the
results, the following conclusions can be drawn for the
different European countries analysed.

Federal Republic of Germany : predominance of demand in
the short term, though its influence is perhaps more moder-
ate than for the other countries; marked importance of profit
in the medium to long term; presumption that relative prices
have an intermediate influence.

France: demand important, but its short-term importance
is rather temporary; profit plays a determining role in the
medium term; relative prices have a negligible impact.

Italy : the picture is close to that for France; predominant
accelerator effect in the short term, although this is fleeting,
crucial role for medium/long-term profits (and more marked
than in the case of France), slight impact of relative prices,
irrespective of the time horizon.

The Netherlands : the relative influences of the determinants
of investment differ markedly from those observed for the
other European countries; predominant influence for rela-
tive prices reflecting significant possibilities for factor substi-
tution at the macroeconomic level;! important profit effect
although less certain; moderate role for demand.

I Their origin can be not only technological but also sectoral.
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United Kingdom : the extreme instability of investment be-
haviour and the poor statistical quality of the econometric
estimates make the conclusions uncertain; central role for
demand (this result seems fairly robust); dominant role for
profit in the medium term but relatively less clear than for
the other countries (and also uncertain); presumption that
relative prices have a relatively important role in the medium
term (but also not very robust).

Thus far, we have drawn conclusions about the relative
importance of the determinants of investment, the lag pro-
file, the stability of their influence throughout the last two
decades and the extent to which behavioural differences exist
between the Community countries considered. A logical next
step would be to infer some robust policy recommendations
designed to promote gross investment.

In doing so, it should once more be stressed that investment
growth per se generally is not considered to be a final policy
goal, nor are its determinants (as defined here) considered
as policy instruments. Policy goals are rather set in terms of
growth, employment and inflation, while policy instruments
are supposed to be more directly controllable variables than
demand, relative prices and profits. Moreover, any individ-
ual policy instrument is likely to influence (directly and
indirectly) all three determinants simultaneously, and not
always in the same direction. Additionally, there are strong
linkages between them, such as between demand and profits.

Keeping these considerations in mind, it is nevertheless clear
that the two avenues which appear to be most important
in determining investment are demand and profitability,!
although the lag structures established in the empirical work
imply that, ceteris paribus, gross investment responds less
quickly to changes in profits than to changes in demand.
Policies directed at increases in both demand and profits
therefore can only reinforce each other, although they should
be consistent with the dynamic structure of the relation
between investment and its determinants, as indicated in the
results given above. Moreover, these policies should not be
in contradiction with final policy goals as growth, inflation
and employment.

For instance, while the empirical results in this paper show
unambiguously that demand increases are positively associ-
ated with increased gross investment, and with little delay
between the former and the latter, it would seem inadvisable
to pursue policies of unbridled demand expansion to encour-

! Except for the Netherlands, where there is also a role for relative prices.

age investment and presumably employment. Particularly in
circumstances where rates of capacity utilization appear to
be high, some sectors might not be able to adjust their
productive capacity quickly enough to demand increases
and this could lead to a deterioration of external balance
due to increased imports and to inflationary pressure. Simi-
larly, a singular concentration on policies which only im-
prove profits, although associated with eventual strong re-
sponses from investment (in accordance with this paper),
runs the risk that investment plans are not implemented if
doubts remain about whether demand (from sources other
than domestic profits) will also improve. Investment would
then not be directed towards increasing productive capacity?
and thereby employment, but rather towards rationalization
and modernization. For these reasons, a strategy aimed
at increasing productive capacity upon which employment
creation depends has to focus on both expected and actual
demand and profitability.

Where exactly are Community countries at the present mo-
ment? In general for the Community, output in manufactur-
ing industry has recovered from 1984 onwards (although
real GDP began to increase moderately from 1982), profita-
bility has recovered from 1982-84 (depending on the coun-
try), with increases in gross fixed capital formation occurring
from 1984 [19]. Clearly a number of other factors have
to be considered to convey a true picture of the present
situation.

For example, increased demand will normally be satisfied
by running down stocks and/or raising output and therefore
capacity utilization, and without necessarily affecting invest-
ment plans, if this demand increase is judged to be only
transitory. Secondly, substantial and lasting changes in fac-
tor prices other than those considered here (e.g. the oil price)
can effect depreciation and scrapping rates, the effective
capital stock, reported capacity utilization rates and invest-
ment plans.

These examples serve to emphasize the role of expectations.
The empirical work in this paper has used elaborate lag
structures to capture expectations and the adjustment of
actual capital stock to desired capital stock. Clearly in a
policy context the role of expectations becomes an important
one. For example. the greater openness of Community econ-
omies and lessons learnt from previous attempts at demand
expansion may mean that potential investors are less confi-
dent about single country policies than concerted action

> One must note, however. that investment directed towards increasing
productive capacity also involves rationalization und modernization since
it incorporates the most recent technology.
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(even though the immediate effect on domestic demand may
be the same) because of the risk that policies are reversed.
With profitability restored, present policies should therefore,
next to maintaining these levels of profitability, offer entre-
preneurs expectations of sustained growth in demand.

To proceed from here to policy prescriptions entails the
consideration of policy instruments themselves, and the mar-
gin for manceuvre all within a macroeconomic context, not-
withstanding the question of expectations. Such a consider-
ation is beyond the scope of the present study.
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Annex I: Derivation of the demand for capital in an effective demand model

The firm is supposed to minimize its production costs subject

to a sales constraint.
Min wL + ¢K
subject to Y = F(e™K, eP!L)

The production function F is homogeneous of degree v
F(Ae®'K, AePlL) = AVY

The first-order optimality conditions are:

Fp w where F'| and F'y represent the deriva-
—_—— tives of F with respect to the variables
Fg ¢ L and K respectively

Differenciating (2):
dY = aF'yKdt + BF'; L dt + F' dK + F'|dL

Equation (5) can be written:

! K
dinY = — (aF'gK + BF' L)dt + Fy — dlnK
Y Y

L
+ F'_ — dlnL
Y

or

1
dinY = — (a F'gK + B F' L)dt +
Y

1 L
— (FgK + F' L)dInK + F'| — (dInL—dInK)
Y Y

1)

@

3

4

(%)

(6)

M

Using the Euler theorem:
FkK+F L=vY
and the fact that the equilibrium condition is

dln (K/L) = —odln (c/w)

equation (7) becomes:

1
dlnY = —(aF'gK + BF’ L)dt + vdlnK
Y

L
+oF | — din(c/w)
Y

wlL F'[ L
Defining b = = =

F,L

@)

®

(10)

(11

wL + cK F L+ FgK vY

equation (10) can be written:

Y = v@(l —b)+ Bb) + vK + vbo (¢ — W)

and thus
1

K=—Y-bo(—-w—(a(l —b)+Bb)
v

(12)

(13)
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Annex I1: Comparison of estimations carried out by ordinary least squares (OLS) and by maximum

likelihood (FIML)

The estimation of investment equations by ordinary least

squares leads to biased estimation (simultaneous equation),

for the specification of both the putty-putty model and the

putty-clay model. A priori, two sources of bias are liable to

appear:

(i) investment is one of the components of demand and
so the estimate of the demand coefficient obtained by
ordinary least squares is biased;

(ii) capital can also lead to biased estimation if it appears in
the calculation of the profit ratio. This link may be direct
as in the case of the putty-putty model in which capital
appears explicitly in the variable I/K; this bias needs
to be corrected whenever the profit variable is directly
defined in terms of the capital stock. This will be the
case if the profit ratio is defined as the ratio between
(value added minus wage cost minus user cost of capital)
and the value of capital at replacement cost or as the
ratio between the gross operating surplus and the value
of capital at replacement cost. But this link can also be
indirect, e.g. investment and the profit ratio are linked
via capital through the capital accumulation equation:

K=K_+1-8K_
n = function of K

In practice, however, this indirect bias does not appear in
the equations tested, either because the profit ratio is not
defined directly in terms of capital, or because the profit
ratio occurs only with a lag (zero value of the contempor-
aneous term of the lagged polynomial), or both.

In all cases of possible bias, equations were re-estimated by
maximum likelihood methods.

Putty-putty model

I I ¢
_—= A0<—> + A(L)Y + A, (L) <—>
K—l K—l -1 w

+ AL+ A,

Y=1+R R = other components of demand
pQ — wN — pgK equations defining profit
n =
pkK pQ = value added in value
or .
pQ — wN wN = wage bill

= — pgK = value of capital at
pgK replacement cost

It should be noted that the biased estimation via capital will
not appear unless the coefficient of n—1 (first lagged term
of the polynomial a,(L)) is non zero. In practice given that
the definition of the profit ratio does not systematically use
capital (particularly for the quarterly estimates), the bias
due to profit has been corrected only for United Kingdom
annual data.

Putty-clay model
Logl = BylogI_, + B{(L)log[Y — (1-8) Y _/]

c
+ By(L)log — + By(L)logn + Byt + By

w
Y=1+R R = other components of demand
Results

The values of the coefficients, estimated by ordinary least
squares or by maximum likelihood,. are shown in the Tables
below.! A comparison of these values does not, however,
give a precise evaluation of the bias in estimation except
where variances of the estimates are low, which is generally
the case for the demand term, and also for the profit term
(see putty-putty model on annual data for the United
Kingdom). In any case. only an analytical evaluation of
these biases would permit a really satisfactory measurement,
and no such evaluation has been made.

1. Tests on quarterly data’

The comparisons of the ordinary least squares and maximum
likelihood estimates are set out in Table II-1 for the putty-
putty model and in Table 11-2 for the putty-clay model.

For the two models, estimation by maximum likelihood
leads to a reduction in the estimated value of the demand
coefficient. in both the short and long term. The decline in
the long term coefficient is generally between 10 and 20 %,
except for France (2 to 5%) and for the United Kingdom
(30% for the putty-putty model). It, therefore, roughly
corresponds to the share of investment in final demand. The
estimates of the other coefficients are not greatly affected,
except perhaps for the United Kingdom due to the poor
statistical quality of the estimates.

! For the sake of simplicity. the lag structure obtained by ordinary least

. Squares has been retained in the estimation by maximum likelihood.
= It should be remembered that for the quarterly estimates it is only the
coefTicient of demand which is biased.
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Table 11.1
Comparison of OLS and FIML estimates — Putty-putty model on quarterly data
() UK_;=Agl_|/JK_,+ A,(L)? + Az(L)(ciw) + Aj(L)n + Ay T

2 Y=I+R R = other components of demand (excluding investment)
TA, A, A, _ SER
Country Period Ay IA, ZA, IA, A, _— —_— —_— R? ——— DW
1-Ay 1-Aq 1-Aq LHS mean
FR of Germany 1965/11-1984/IV OLS 0.838 0052 -0004 0009 0001 0318 -002 0053 0957 0028 2117
0.042)  (0,008) (0.002) (0,007)  (0,001)
FIML 0845 0,041 —0004 0010 0001 0265 —0027 0,06l 0956 0028 2145
0,041)  (0,007)  (0,002) (0,007  (0,001)
France 1968/111-1984/IV  OLS 0,620 0,087 —0003 0024 0001 0229 -0008 0064 0980 0,018 1,667
(0.043)  (0,008) (0,001) (0,008) (0,001
FIML 0.651 0076 —0002 0025 0001  02i7 -0007 0073 098 0,019 1,722
0,043)  (0.008)  (0,001) (0,008)  (0,001)
United Kingdom 1970/111-1984/111  OLS 0746 0,028 —0,002 0004 0003 OIIl © —0006 0017 0766 0032 2448
0,069) (0.019)  (0,001) (0,004) (0,001)
FIML 0,776 0,018 -0001 0002 0003 0079 -0004 0010 0760 0033 2504
0.066)  (0.008)  (0,001) (0.004)  (0.001)
United States 1967/11-1983/IV OLS 0938 0,040 —0,0003 0004 -00001 0644 —0005 0072 0947 0015 1,938
(0,031)  (0,004)  (0.0004) (0,004)  (0,0006)
FIML 0932 0037 -0002 0006 ~—00001 0538 -0003 0082 0946 0015 1,935
(0,030)  (0,004)  (0.0004) (0.004)  (0,0006)
In brackets, the estimated standard deviation of the coefficients.
Table 11.2
Comparison of OLS and FIML estimates — Putty-clay model on quarterly data
C .
(1) Logl = Bylogl_, + B (L)log [Y —(1-8)Y _|] + By(L)log— + By(L)logr + B,.t + By
w
2 I=Y+R R = other components of demand
£B, 1B, IB, _
Country Period B, IB, I8, IB, B, B —_— R SER DwW
1-B, 1-B, 1-B
FR of Germany 1965/11-1984/IV  OLS 06057 0,118 -0,0933 03157 00025 10103 0300 -0237 0801 09704 00284 1.94
(0.059)  (0.018)  (0.025) (0.865) (0,001) (0.217)
FIML  0.6446 00937 -—00880 03005 00024 09427 0264 —0248 0845 09696 00287 2,00
(0.049) (0.017)  (0.024) (0.068) (0,0004) (0,149)
France 1968/111-1984/IV  OLS 03633 01108 ~-00451 05387 00053 25260 0,174 -0071 0846 0986 00175 1.56
(0.058) (0.014)  (0.010) (0.076) (0.001)  (0.275)
FIML 03721 01073 -00441 05285 00053 24921 0,71 -0070 0842 0881 00175 1,58
(0.055)  (0.013)  (0,010) (0.072) (0,0005) (0.260)
United Kingdom  1970/111-1984/111  OLS 02638  0,1021 -00213 01220 0,027 56838 0139 -0029 0166 09019 00280 20l
(0.120)  (0.024)  (0.013) (0,062) (0.001)  (0,991)
FIML 02777 00857 -00264 0,1106 00026 56391 0119 —-003 0153 09007 00282 201

(0.030)  (0.023) (0.016) (0,058)  (0.0008) (0,186)

In brackets, the estimated standard deviation of the coefficients.
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2. Tests on annual data (Tables I1.3, 4 and 5)

The same conclusions emerge from a comparison of the
estimated coefficients from ordinary least squares and
maximum likelihood methods. There is a decline of between
10% and 15% in the long-term coefficient of demand (ex-
cept for France—see below), a small change in the coef-
ficients of the other variables and a slight deterioration
in the standard error of the regression using maximum
likelihood.

However, unlike the quarterly results, the estimates for
France differ markedly. The long-term coefficient of demand
is roughly halved, the other coefficients are affected and the
influence of relative prices becomes quite insignificant. As a
result, the role of the accelerator effect for France (see Part
IV) needs to be qualified. Judging from the estimation by
maximum likelihood, the relative influence of short-term
demand is not, for France, markedly greater than for the
other countries.

Table 11.3

Comparison of OLS and FIML estimations for the putty-putty model (annual data)

w

1 I ¢
m —=Ao< ) + ALY + A L) — + A L)+ A,
-1

K_, K_,

2 Y=1+R R = other components of demand (excluding investment)
_ SER
Country Ao IA, IA, IA, A, R? TS moemn DW
France OLS 0 0,13 -0,0032 0,16 —0,026 0,93 28% 2,29
(3.89) (—121) 4,74) (-1,78)
FIML 0 0,087 —-0,0057 0,19 -0,039 0,91 3,1% 2,32
(2,74) (—0,23) (5.61) (—2,66)
United Kingdom OLS 0 0,059 —0,0028 0,091 0,049 0,83 3,8% 2,50
4,07) (—3.93) (6.55) (59.8)
FIML 0 0,052 -0,0027 0,090 0,049 0,82 3.8% 2,34
(4,20) (—4.61) (7,49) (70,2)

t statistics appear in brackets.
For the other countries no biased estimation appears (the demand variable is lagged by one year — see Table 4).
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Table 11.4

Comparison of OLS and FIML estimations for the putty-clay model (annual data)

C

(1) Logl = Bylogl_, + B\(L)log [Y ~(1-8)Y_;] + By(L)log~ + By(L)logn + B,.t + By

w

2 Y=I1I+R R = other components of demand
£B, 1B, IB, }
Country B, LB, LB, IB, B, B _ _ R? SER
1-B, 1-B, 1-B,
FR of Germany OLS 0,80 0,11 -0,25 1,25 0,0033 1,83 0,55 -1,25 6,25 0,96 2,0%
(7.12) (343) (=429 (25D (LD (1,0)
FIML 0,79 0,10 —0,25 1,35 0,0037 2,20 0,48 -1,19 6,43 0,98 20%
(9,46) (4,09) (—5,79) (3,65) (1,67) (1,66)
France OLS 0,59 0,28 —0,075 1,26 0,020 2,36 0,68 -0,18 3,07 0,94 23%
(2,27) (2,82) (—-147) (2,53) (2,42) 0,57)
FIML 0,39 0,165 —0,030 1,01 0,023 6,23 0,27 -0,05 1,66 0,96 2,6%
(1,83) (1,93) (—0,70) (2,55) (3,56) (1,81)
Italy OLS 0,60 0,24 —0,059 1,73 0,013 2,84 0,60 -0,15 4,325 0,89 2,6%
(3.25) (6,30) (—1,16) (2,48) (2,68) (1,27)
FIML 0,57 0,22 —0,067 1,82 0,014 3,38 0,51 -0,16 4,23 0,94 2,7%
(4,31) (8,22) (—1,81) (3,64) 3,91) 2,11
United Kingdom OLS 0,63 0,13 -0,025 0,31 — 0,0008 0,35 -0,07 0,84 0,62 29%
(2,52) 461) (-140) (1,62) (0,09)
FIML 0,58 0,12 —-0,024 0,30 — 0,0016 0,29 —0,06 0,71 0,62 3,0%
(3,00) (5,48) (—1,72) (2,01) (0,23)

1 statistics appear in brackets.

Table I1.5

Comparison of the dynamic simulations of the putty—clay models estimated on annual data by ordinary least squares and by maximum likelihood

Relative changes
in | (as %) due 10 an

1% in demand

| % in relative prices

I point in the profit ratio

increase of

Effect uRer: 1 year 2 years S years | year 2 years § years | year 2 years 5 years

FR of Germany OLS 0,80 0.75 0,66 0,25 0,45 0,84 0 2,75 8,43
FIML 0,71 0,66 0,56 0,25 0,45 0,82 0 297 8,93

France OLS 2,05 1.49 0,85 0 0,07 0,16 2,81 4,46 6,62
FIML 1,21 0,63 0,29 0 0,03 0,05 2,25 3,09 3,74

Italy OLS 1.52 1,15 0,71 0 0,06 0,13 0 3,50 7,81
FIML 1.41 1,03 0,61 0 0,07 0,14 0 3,70 7,88

United Kingdom OLS 1,22 0.90 0,50 0,02 0,04 0,06 0 0,77 1,73
FIML 111 0.77 0,38 0.02 0,04 0,05 0 0,74 1,52
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Annex Il1: A statistical analysis of the stability of global investment behaviour

1. Methodology

This annex presents the results of stability tests for four
countries: Germany, France, the United Kingdom and the
United States. The United States have been added for
reasons of comparison.

The stability tests have chiefly been done for the putty-putty
investment model.! The first estimations set out in Part I]
(Table 1), which sought to establish whether there was a
break at the time of the first oil shock, have not shown any
fundamental break in the structure of the lags relating to
the variables. For that reason, but also for reasons of sim-
plicity, the search for any break has been directed at the
long-term coefficients, i.e. to the long-term and not short-
term influence of each of the determinants of investment.

From a technical point of view, we have therefore fixed
the weights of the distributed lags for each of the three
explanatory variables (demand, relative prices, profits).
Using this fixed distributed lag structure, the stability tests
have been performed. The fact that the lag structure has
been maintained the same, does not imply that the individual
long-run coefficients were not allowed to change: only their
dynamic distribution over time was forced to be the same
throughout all estimations. In Table 11I.1 we present the
fixed distributed lag weights for the three explanatory vari-
ables in the four countries.

Four stability tests have been performed to investigate the
stability of the influence of demand. relative prices and profit
on investment: the Chow test, cusum test, cusum of squares
test and Quandt’s likelihood ratio test.

The cusum test |2]

The cusum test of recursive residuals provides a graphical
test for constancy of the regression coefTicients over time. It
is particularly suitable when the departure from constancy
is systematic rather than haphazard. Strictly speaking, the
test is only applicable to regression equations without stoch-
astic explanatory variables, such as the lagged dependent
varigble in our equations; nevertheless it may be used as a
crude indicator. The test is based on the use of recursive
residuals. If their plot crosses one of the symmetrical signifi-

' Preliminary tests have also been performed on the putty-clay model.
They are not presented exhaustively. Reference will be made to them
only for purposes of comparison.
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cance lines, this is an indication of a significant departure
from constancy of the regression coefficients, due to the fact
that the cumulative sum of the recursive residuals becomes
consistently more positive or negative over time. The date
at which to identify the break usually lies not at the point
where the significance line is crossed, but at the point where
the trend line starts.

The cusum of squares test {2]

The cusum of squares test uses squared recursive residuals
instead of the level of the recursive residuals, as in the cusum
test. As for the latter test, it is actually not suited for
equations containing lagged dependant variables. The test
is a complement to the cusum test since it tests for haphazard
rather than systematic departure from constancy of the
regression coefTicients. As for the cusum test, a crossing of
the significance lines indicates instability of the regression
coefficients, although the point in time where this happens
usually occurs earlier.

The Chow test |3]

The Chow statistic tests for stability of (a subset of) the
regression coefficients over two (or more) time intervals.

The Chow test is based on the calculation of a statistic which
is F-distributed if no break occurs. The null hypothesis of
stable coefficients is then rejected if the value of the Chow-
statistic is higher than the threshold corresponding to the
chosen confidence interval of 95%, for instance.

In our particular case we have appplied the Chow tests to
all coefficients of the investment equation simultaneously,
and we have tested for two sub-periods of the complete
sample period for each country only. This choice for the
parameters of the Chow test has been made on practical
grounds: otherwise the number of tests would have increased
substantially. What has been varied, therefore, is the break-
point which divides the sample period into two sub-periods.
For each country we have calculated Chow-statistics for as
many breakpoints as possible, i.e. for all possible quarters
(except for the extreme quarters for which one of the sub-
periods did not offer sufficient observations).

Quandt’s likelihood ratio test [17], [18]

This test is comparable to the Chow test as used for our
analysis (change in all coefficients for two distinct time
intervals): it tests whether regression coefficients change
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Table 111.1

Distributed lag weights kept constant throughout the stability tests

Lag (in quarters) s
Mean lag

(in quarters)
0 | 2 3 4 5 6 7 8 9 10 H 12 13 14 15
1. Demand
FR of Germany 42 28 17 3 - - - - - - - - - - - 1,0
France 27 20 14 10 7 5 4 4 4 3 2 - - = = - 2,6
United Kingdom 31 25 19 13 8 4 — - - - - - - — - - 1,5
United States 39 25 16 9 6 3 2 - - = = = = = - = 1,3
2. Relative prices
FR of Germany 25 21 17 13 10 7 5 3 1 — — — — — — — 2,2
France 19 21 20 18 14 § - - - - - - - - — = 2,2
United Kingdom 4 8 11 13- 14 14 13 11 8 5 - - - - - = 4.6
United States o0 10 — - - - - - - - - - - — — — 1,0
3. Profit
FR of Germany —_ = - 1 5 7 9 10 11 11 11 10 9 8 5 3 9,2
France — — 9 12 14 14 14 13 11 8 5 — —_ - — — 5,6
United Kingdom — — 4 28 17 9 3 0 - - - - - - - - 3,0
United States 11 18 21 21 18 11 e 2,5

Source : Estimates of equation(14) in Table 1.

significantly from one time period to another. For the likeli-
hood ratio test, the maximum likelihood under the hypo-
thesis that the observations in two consecutive time segments
come from the same regressions is divided by the likelihood
that these observations come from two different regressions.
The smaller the (log of the) likelihood ratio is, the more
likely is the hypothesis that the observations come from two
different regressions. By changing the time point which
separates the two consecutive time segments, it may be seen
when a (local) minimum for the (log) likelihood ratio occurs.
This minimum could correspond to a break in the regression
relationship. Moreover, it may also be seen whether this
break point is attained gradually or rather more instan-
taneously.

2. Test results
In Figures 1.1 to 1.4 we present each time the four graphical
tests discussed above for the four countries: FR of Germany,

France, the United Kingdom and the United States.

(i) Part (a) of each figure presents the cusum tests. The
vertical lines in this figure indicate fixed time intervals.

The symmetrical lines which form a topped horizontal
cone indicate the significance: if these lines are crossed
by the cusums’ line, there is a significant break; the
significance level is indicated in the heading of the figure.
The lead which is indicated below the figure pertains to
the number of quarters for which the recursive residuals
are calculated. The recursion is always forward.

(ii) Part (b) presents the graph for the cusums of squares.
It is similar to part (a), except for the significance lines,
which are now parallel straight lines. The recursion is
always forward, and the lead holds the same explanation
as for part (a).

(iii) Part (c) presents the cumulative densities for the Chow
tests. If a cumulative density for a time point t_ lies
above, say, the 95% line, this implies that at a signifi-
cance level of 5%, all regression coefTicients for the time
period [I, t.] are significantly different from those for
the period [t, + 1, T] (with T observations).

(iv) Part (d) of each figure gives the (log of) the likelihood
ratio. A (local) minimum for this graph may be identified
with a break point between the corresponding two con-
secutive time segments. The lead is zero unless otherwise
indicated.
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Before discussing the figures, several caveats are in order.
First, it should be kept in mind that the cusum and cusum
of squares tests can only be regarded approximately as valid
tests since the regression equations on which they are based
contain a lagged dependant variable. Secondly, the equations
contain distributed lags of the explanatory variables (which
may smooth the breaks and complicate their precise determi-
nation). Finally, there might be a bias in the results since
we have kept fixed the weights of the distributed lags of the
explanatory variables throughout the tests.

Federal Republic of Germany

The results for Germany are given in Figure I.1. The cusum
tests indicate two possible significant break points: the first

occurring in 1975/1V and the second in 1983/IV.! However,
in the first case, the departure from zero is trendwise and
takes about 5 years to ‘mature’. The actual break would
therefore have to be situated around 1970. The evidence is
less clear for the second break. These breaks are not signifi-
cant according to the cusum of squares tests, which indicate
that they are progressive rather than sudden. The Chow test
indicates significant break points at a level of 5% for the
whole period 1965-79, and therefore cannot but confirm the
1970 break point. The steadily rising cumulative density
after 1981, with a peak in 1983, also points to the more
recent break at the end of 1983. The latter break is also quite
clearly suggested by Quandt’s likelihood ratio, reaching an

! For the putty-clay model. the cusum test also indicates a possible break
around 1976, but also in 1979.
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absolute minimum in 1983/111 (the last available test point).
Furthermore, this test indicates several local minima around
and before 1970 — which is broadly in line, though not too
outspoken, with the possibility of a break around 1970.

Keeping in mind the caveats mentioned above, the evidence
for Germany on the basis of the global investment equation
therefore indicates two possible structural changes: one
which is actually to be located in 1970, and the second, more
recently, towards the end of 1983. This last turning point
has however to be regarded with caution given the scarcity
of data after this date with a sample period ending in 1984/
V.

France

Figure 1.2 presents the results for France. Over the sample
period under consideration (1968/I11-1984/1V), there are
signs of multiple breaks and/or transitional periods in the
stability of investment behaviour. The cusum test shows
three crossings of the significance line around the’ first oil
shock in 1973/74, in the course of 1977 and, as for Germany,
at the end of the sample period, in the beginning of 1984.!
Of these three turning points, the first and the last are the

I In the case of the putty-clay model, the cusum test confirms the 1977
break, and situates the most recent break around 1982.
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result of a trendwise departure from coefficient constancy,
while the 1977 turning point seems more haphazard. Taking
account of the starting points of the trend movements, the
actual breaks would have to be located in 1971, around 1976-
78, and between 1982 and 1984. This picture is confirmed in
the cusum of squares test; the first and third breaks are
hardly visible, but the 1977 turning point is the only one
which is significant in this test. Although slightly visible,
the cumulative density for the Chow test reaches a local
maximum (above 0,99) in 1976/1V, confirming the second
break point. The evidence for a break at the end of the
period is not visible. The 1971 break is visible in the Quandt
likelihood ratio test, although it appears from a local mini-
mum. The 1976-78 break is very clear however, and is
attained quite gradually. Furthermore, there is a tendency
towards a minimum in the beginning of 1983, but the sample
period does not allow us to see any further.

The evidence for France very clearly points to multiple
breaks in investment behaviour over time: in 1971, around
1976-78, and possibly in the beginning of 1984. To judge
from the cusum and cusum of squares tests, the 1977 break
seems to differ from the other two. More light on this will
be shed in Annex IV where we discuss the results of moving
regressions.

United Kingdom

As for France, the test results for the United Kingdom in
Figure 1.3 point at the occurrence of multiple breaks in
investment behaviour. Between 1975/11 and 1978/III, the
cusum test shows a trendwise departure from constancy of
the regression coefficients. Starting in the end of 1980, or
already in 1978, a new trendwise departure from constancy
can be observed until the beginning of 1982 or even one
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year further. The cusum test therefore points towards poss-
ible breaks in 1975, 1978 and in 1982-83.! The cusum of
squares graph exactly mimics the three trends described
above, but since this test is designed to point at sudden
breaks, the crossing of the significance lines happens at other
points in time than the break indicated by the cusum test.
The 1975 and 1978 breaks are not rejected by an absolute
and local maximum of the cumulative density of the Chow
test in 1975/I11 and 1978/11, being practically significant at
a 1% and 5% level respectively. Although there is a local
maximum for the cumulative density of the Chow test in
1982/11, it is not significant and does not really support the
1982/83 break. To judge from the Quandt likelihood ratios,
however, the latter break is strongly confirmed by an absol-

! For the putty-clay model these breaks seem to be situated around 1978
and 1981.

ute minimum in 1982/I11. Local minima in the first quarters
of 1978 confirm the break for this year, whereas the 1975
break occurs in 1975/1V.

Summarizing, the evidence on the possible occurrence of
breaks in the investment behaviour in the United Kingdom
is convergent and pointing to three breaks: one around 1975,
another in 1978, and the last one situated at the end of 1982.

United States

In Figure 1.4 we give the stability tests for the global invest-
ment behaviour of the last country in our comparison, the
United States.

The evidence from the cusum and cusum of squares tests
seems to be complementary to that from the Chow and
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Quandt tests and vice versa. The former tests clearly indicate
a break in 1970/11, which becomes significant in 1972-73.
Next to this significant break, the cusum tests point at a
slight departure from constancy of the regression coefficients
for the period 1976-77, suggesting a break point at the
beginning of 1976. This indication, however, is not signifi-
cant for this test. If we next look at the cumulative densities
for the Chow test to see if these possible break points are
confirmed, we note a (local) maximum for periods ending
before 1969/111; the point 1970/11, though a local maximum,
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is not significant, however; a local maximum at 1977/IV
which is significant at 5% and an absolute maximum at
1980/11 which is significant at 1%. These three (local) max-
ima appear as local minima for the Quandt test, which
moreover shows an absolute minimum in 1982/1.

The general picture for the United States is therefore that
of breaks in 1970, in 1976-77 and in the beginning of 1980.
Nothing can be said about a possible break in 1982.
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Annex 1V: The stability over time of investment behaviour (moving regressions)

In Annex III, we have obtained an idea about possible global
breaks in the investment equation. In this Annex we look
in more detail at the stability over time of the individual
coefficients in the investment equation, and therefore at the
relationships between investments and each of its determi-
nants individually.

1. Methodology

As in the previous Annex, the analysis is concerned with the
quarterly estimates of the putty-putty investment equation,!
where we keep the weights of the distributed lags fixed
throughout the estimations.

The method we have used to analyse the constancy of
individual coefficients is that of moving regressions. It con-
sists of fixing the size of a sample period, for instance 20
quarters (5 years) as we did, and then to run regressions on
a subsample of this size while moving through the entire
sample period. The entire sample period for Germany is
1965/11-1984/1V. The first of the moving regressions would
then be for 1965/11-1970/1, the second for 1965/111-1970/11,
etc.,, and the last for 1980/I1-1984/1V. The resulting coef-
ficients for each of these regressions may then be plotted
against time and give a fair picture of structural changes in
the contribution of different factors to the determination of
investment.

In Figures Il.1 to Il.4 we present the time plot of the
coefficients for each of the four countries Germany, France,
the United Kingdom and the United States. The plots are
based on moving regressions of 20 quarters (5 years). Each
figure gives respectively the evolution of:

(i) the tong-run influence of demand on investment (co-
efficient a; /(1 — ap))

(i) the long-run influence of relative prices on investment
(coefficient a,/(1—-ay);

(iti) the long-run influence of the profit rate on investment
(coefficient a,/(1—ag)):

(iv) the coefficient of the lagged dependent variable sur-
rounded by its asymptotic 95 % confidence internal (co-
efficient ag):

(v) the mean lag of the equation (ag/(1—ap)).

Vo Analyses were also carried out on the putty-clay model. but these will be

presented only by way of comparison.

The plotted values for each quarter correspond to the 20
quarter period which ends at this particular quarter. In each
of the figures, the horizontal straight line indicates the value
of the regression over the complete sample period.

Before we discuss the country results, the same caveat is in
order as for global results of the previous section, concerning
the timing of the turning points. The appearance of lagged
explanatory variables in the investment equation plus the
fact that an important change in investment behaviour will
only show up in the moving regressions several quarters after
it has started to become effective? complicate the precise
determination of the individual turning points.

The graphs have been scaled such that the units of the
y-axis are proportional to the average of the considered
coefficient.3 Therefore their variability can be directly com-
pared from one coefficient to the next.

2. Moving regression results

Federal Republic of Germany

Even if one does not take account of the outliers caused by
high values of the coefficient of the lagged dependent vari-
able, the regression coefficients resulting from the moving
regressions for Germany are extremely volatile. The major
trends to be discerned are the following.

> Suppose. in the absence of lagged explanatory variables, a well-deter-
mined break in the value of a coefficient between two consecutive sub-
periods:

|
| |

1 1 T

Then the moving regressions will give the following picture:

| <_,stze of the moving
regression

L | |

1 1% Y T

¥ Exceptions are the graphs for the coefficient of relative prices where the

units of the y-axis are proportional to the average of the coefficients in
absolute value.
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Demand : starting from a high level around 0,50 the coef-
ficients gradually decline until the point 1975, attaining a
level around 0,10 that remains relatively stable until the end
of the sample period. Taking account of the size of the
moving regressions sample, the demand coefficient therefore
confirms the 1970 break which was conjectured in Annex
I11. The 1983 break which was also suspected does not show
any apparent influence on the demand coefficient, however.

Relative prices: this coefficient is the most volatile for Ger-
many. Several times, its sign becomes positive which is
theoretically unacceptable. As for demand, the graph shows
progressive changes in the coefficient values between the
points 1970 and 1975, which can be regarded as the conse-
quence of a break around the year 1970. The period 1975-
84 is relatively more stable, although volatile in absolute
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terms, implies a ‘stable’ relationship between relative prices
and investment from 1970-84. Also here the end of the
sample period does not show significant changes.

Profit: the profit coefficient shows very high values until
the beginning of 1971, implying these high values for the
period 1965-70. After an unstable movement for the points
1971-74, the profit coefficient settles down and is rather
stable for 1975-84, therefore again confirming the 1970
break. The evidence on the 1983 break is once more invisible.

Dynamics: although remaining volatile, the coefficient on
the lagged dependent variable (‘autoregressive’ coefficient)
seems to have reached a definitely lower level after 1975
than before. This may be interpreted as a quicker reaction
of investment to changes in one or other of its determinants.

Among the two probable breaks in German investment
behaviour shown by the statistical tests in the previous
Annex, only the first one in 1970 seems effective. The scarcity
of recent data does not perhaps make it possible to reveal
the last break. But there is evidence of relative stability of
the coefficients after 1970. Compared with the pre-1970
period, this stability is characterized by a lower demand
elasticity, a weaker influence of relative prices, a more impor-
tant role for profits and an increase in the speed with which
investment reacts to a change in one of its determinants.
The moving regressions carried out on the putty-clay model
confirm the lower demand elasticity, but reveal volatility in
the influence of profits which remains high throughout the
period.

France

The movements in the French coefficients generally seem to
be more regular then for Germany, except maybe for profits.

Demand : the moving regression coefficients are stable until
the point 1976, therefore suggesting stable demand coef-
ficients for 1968-76, around a value of 0,2. The unstable
behaviour which starts in 1977 may either be attributed to
the deleted 1971 observations or to the new 1977 obser-
vations or both. This unstable period lasts until 1982, when
the 1977 observations are no longer included in the sample.
The evidence for a break in 1977 therefore seems clear,
maybe to be added to a 1971 break. The second stable period
for the demand coefTicients, seems to be 1978-1983/84, the
latter depending on whether the sharp increase in the coef-
ficient (from about 0,10 to 0,20) in 1984 proves to be signifi-
cant. As for Germany. the moving regression outcomes are
consistent with those of the statistical tests.

Relative prices.: the movements in the relative prices, though
fairly regular, are difficult to interpret, probably because of
the rather short-lived nature of stable periods. The only
conclusion which emerges clearly is that there is a break
after 1976, thus confirming the assumptions of a break in
1977. The changes afterwards have no clear-cut interpret-
ation, except for the 1984 break which seems again to be
present.

Profits: the role of profits, after having been stable until the
point 1975, was negatively affected between the two points
1976 and 1979. As for demand, the 1977-78 break in the
coefficient is clear and stability is only reached in 1982.
This again suggests two stable periods, 1968-75 and 1978-84
where the profit influence on investment is nearly the same
(coefficient value around 0,8). The 1971 break might possibly
be the cause of the 1976 changes in the moving regression
coefTicient.

Dynamics: contrary to Germany, the mean lag in France
has increased over the recent past. It has been stable, say
around the value of half a quarter, until 1977 and after a
transitional period in 1977-78, it has attained levels around
one quarter and a half throughout the period 1978-84 (dis-
regarding two outliers).

The analysis of the individual coefficients has to be con-
fronted with the global results of the previous Annex on the
possible occurrence of breaks. There we found evidence on
possible breaks in 1971, 1976-78 and in 1984. The moving
regressions approach leads to similar conclusions but also
permits the examination of which determinants may be
responsible for the breaks. The first break in 1971 seems to
have been due solely to profit, the role of which seems to
have strengthened. The much more marked break in 1976-
78 affected all the determinants and led to a simultaneous
weaking of their influence. Investment behaviour seems to
have become more ‘inert’ (increase in the weight of the
lagged dependent variable) and therefore less sensitive to
variations in demand, relative prices and profit. This assess-
ment is confirmed by the analyses on the putty-clay model.
Finally, the last break at the end of 1984, which was rapid
but concentrated on the last quarter of 1984, was probably
due to a strengthening of demand at the expense of relative
prices.

United Kingdom

The results for the United Kingdom give rather volatile
coefTicients, which move in broader bands than the German
or French coefTicients.
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Demand : until the point 1982, there is no real break in
the demand elasticity, although there are two temporary
perturbations in 1977-78 and 1980-81. In both cases it is
possible that these breaks in the moving regression coef-
ficients also correspond to breaks five year earlier, in 1972
and 1975. Starting at the end of 1982, the role of demand
became more important, although it levelled off again in
1984.

Relative prices: examination of the role of relative prices is
particularly difficult: the estimated coefficient is very often
positive (whereas it should in theory be negative). The only
interesting results to be noted are the 1977 break (possibly
corresponding to a break five years earlier) and the 1981-82
break with a reinforcement of the price elasticity.
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Profits: the profit coefficient is moving within extremely
narrow margins, between — 0,02 and 0,03, but is nevertheless
extremely volatile. Two breaks show up (points at 1977 and
at 1980) corresponding to changes in the years 1972 and
1975. The period 1981-84 is next characterized by a recovery
with a possible slight decline in 1983-84, corresponding to a
period of stability between 1978 and 1984.

Dynamics : the autocorrelative coefficient stays at about the
same level until 1982, interrupted by a sharp increase in
1982-83. After 1982 it establishes itself at a much higher
level than before, implying an increase in the lags with which
investment determinants work through actual investments,
Whether the new trends which set in for 1983-84 will be
maintained in the future remains as yet an open question.

The conclusions which emerge from the moving regressions
are for the United Kingdom broadly in line with those
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derived from the stability tests (Annex I1I). Tentative periods
of stability would therefore be 1972-75, 1975-78 and 1978-
84, the latter period with a possible break in the beginning
of 1983. Throughout these periods the role of demand and
of relative prices seems to have increased, although these
results do not seem to be confirmed by the tests carried out
on the putty-clay model. Profits gained importance until the
year 1978, but their influence has weakened again in the
most recent past. The inertia of the investment behaviour
as expressed in the mean lag has strengthened in the period
1975 to 1984.

United States

The picture for the United States is blurred through the
occurrence of extremely high values for the coefficients of
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the lagged dependent variable, even surpassing the value of
one in the first two quarters of 1976. These high values cause
the long-run values of the coefficients to become very high,
when the autocorrelation coefficient is close to one, or even
shows an inversed sign, when the coefficient is higher than
one. The high values are concentrated around those esti-
mations for which the sample period ends between 1975/1V
and 1978/1V, and also, but to a lesser extent, in 1981. The
results for the individual coefficients have to be analysed
abstracting from these high values.

Demand: there is some sign of an increasing demand elas-
ticity until 1975, which is a vague indication of a break in
1971. A break in 1976 then shows up, which is again visible
in 1981, if the 1976 observations are dropped. The graph
suggests a stable period between 1978 and 1983 for the
demand coefficients.

Relative prices: as for the demand coefTicient, there are weak
signs of the 1970 break, whereas the break in 1976 appears

more clearly. Again a stable period seems to be 1978-83. On
average during this period, the role of relative prices seems
to have been enhanced.

Profits: the picture for profits is the same as for the two
previous coefficients: a rising trend until 1975, suggesting a
1970 break, clear signs of the 1976 break in 1976 itself and
in 1981, and a relatively stable period over 1978-83. Over
this last period, profits are less important than they were
before.

Dynamics: the period 1976-78 is associated with extremely
high autocorrelation coefficients; before and after that per-
iod, the level is approximately the same.

To summarize, the US evidence from the moving regressions

" is partly in line with the global evidence from the previous

Annex, except for the occurrence of the 1980 break which
came out more clearly there in the earlier test.
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Estimation and simulation
of international trade linkages
in the QUEST model !

by Alexander Italianer?

U This chapter is part of the QUEST multinational modelling project and describes how the country models are linked through international trade flows.
The QUEST project of the Directorate-General for Economic and Financial Affairs aims at the construction of linked quarterly econometric models for
EC member countries and their main trading partners for economic forecasting and macroeconomic policy analysis.

2 This document has been prepared under the direction of André Dramais, Head of Division, by Alexander Italianer, Administrator of the Directorate-
General for Economic and Financial Affairs.
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Introduction

1. Introduction

The QUEST (quarterly European simulation tool) modelling
project of the Directorate-General for Economic and Finan-
cial Affairs aims at the construction of linked quarterly
econometric models for the individual Community
countries, the United States, Japan and their main trade
partners. Because of its country disaggregation, the project
may be seen as an extension of the Compact model,! in
which the Community is treated as one single country.
Furthermore the project also builds further on previous
experiences at the Commission with the Comet and Eurolink
models.2 The QUEST project is conceived as a system of
quarterly models for 25 countries and zones that divide the
world exhaustively (cf. Box 1 for a list of countries and
zones). In general, two types of individual country/zone
models will be distinguished in the QUEST system : (i) med-
ium-term macroeconomic models with a structure compar-
able to that of the Compact country models (50-60 equa-
tions) and (ii) trade-feedback models which are much smaller
and only designed to ensure an endogenous transmission
of international trade and prices.3 It is planned to have
macroeconomic models for all Community countries, the
United States and Japan, while there will be trade-feedback
models for the other countries and zones. The latter consist
of the remaining OECD countries, the OPEC zone, a zone
for the Eastern European centrally planned economies
(CPEs), a zone for the newly industrializing countries (NICs)
according to the OECD definition* and a rest of world zone.

Although these 25 countries and zones in reality are not
only linked through merchandise trade and prices but also
through interest rates, exchange rates, invisible trade, capital

flows, migration etc., international trade linkage constitute

an important element for the description of international
dependencies in the QUEST model. Estimation and simula-
tion of these trade linkages is the subject of this paper. In a
certain sense the trade linkage system is the constant factor
in the QUEST model: starting with simple trade-feedback
models for most of the 25 countries and zones, they are
consecutively replaced by the more detailed macroeconomic
country models as soon as they become available. In such a

way there is always an operational system which is gradually
extended but guarantees throughout an exhaustive descrip-
tion of the international environment.

The trade linkages in the model are represented through the.
international transmission of volume and price movements.
The transmission of volumes starts off in the country/zone
models with an equation to determine the volume of total
imports of goods. In a separate bilateral trade flow model
this total import volume is allocated between the different
exporters using bilateral import equations. Aggregating
these equations for each exporter results in export volumes.
Changes in import volumes thus have a direct effect on
changes in export volumes. Price transmissions start off with
an export price equation in the country/zone models. To
determine import prices, these export prices are weighted,
per importing country, using weights from the bilateral trade
flow model. Changes in export prices therefore feed through
in import prices. There is thus an explicit transmission of
import volumes and export prices into export volumes and
import prices.

The theoretical model which underlies this approach to
trade linkages is described in Chapter 2, together with the
specifications of the estimating equations. This model first
determines total imports as a function of final demand,
relative prices and domestic rates of capacity utilization.
These import functions are presented and tested for their
stability and robustness in Chapter 3. Results are presented
for the four countries for which macroeconomic country
models are constructed first: Germany, France, the United
Kingdom and the United States. The second step of the
approach consists, with export prices assumed to be given,
of the allocation of total imports between its trade partners.
This is the actual bilateral trade flow model, for which
estimates and simulation results are presented in Chapter 4
of the paper. Notably, a closer look is taken at the trade
flows between the four countries mentioned above, but ag-
gregate export price elasticities are also derived for all the
25 countries and zones by simulation, and the performance
of the model is compared with the evidence of the recent
past. In Chapter 5, finally, some conclusions are drawn. )

69



Estimation and simulation of international trade linkages in the QUEST model

Box 1: Countries and zones in the QUEST model

Complete country models

1. B/L  Belgium-Luxembourg Economic Union (BLEU)
2.. bK Denmark
3. D Federal Republic of Germany
4. GR°  Greece B
S. E Spain
6. F France
7. IRL Ireland
8 1 Italy
9. NL Netherlands
10. P Portugal
11. UK United Kingdom
12. US United States
13. JA Japan
Country trade-feedback models
14. CA Canada
15. AU Australia
16. AT Austria
17. Fl Finland
18. NO Norway
19. SE Sweden
20. SW Switzerland
Zone trade-feedback models
2l. RO Rest of OECD countries: Iceland, New Zealand, Turkey
22. OP OPEC: Algeria, Ecuador, Gabon, Indonesia, Iran, Iraq, Kuwait, Libya,
Nigeria, Qatar, Saudi Arabia, United Arab Emirates, Venezuela
2. CpP Centrally planned economies: Albania, Bulgaria, Czechoslovakia, German Democratic Republic,
Hungary, Poland, Romania, Union of Soviet Socialist Republics
24, NI Newly industrialized countries: Argentina, Brazil, Hong Kong, Israel, Republic of Korea, Philip-
pines, Singapore, South Africa, Taiwan, Thailand, Yugoslavia
25. RW  Rest of the world: all countries not included elsewhere, incl. trade not specified in

terms of destination

Note: Belgium and Luxembourg are treated as B/L only in the trade linkage.
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2. Specification of the equations

With export prices given, the two main types of behavioural
equations that are of importance for the trade linkages are
the total import equations and the bilateral import equa-
tions. Export volumes and import prices then follow from
identities. The total import equations are part of the country/
zone models, while the bilateral import equations form the
essential body of the bilateral trade flow model. This chapter
describes how one may derive both types of equations in a
single, consistent, framework. Section 2.1 gives the justifi-
cation for the choice of this framework, while the underlying
theoretical model is explained in section 2.2. Sections 2.3
and 2.4 then present the actual specifications for the two
types of equations.

2.1. The choice of a two-stage approach

In this section a justification is provided for the two-stage
approach to trade linkages that is adopted. Point of depar-
ture is the requirement that, not counting statistical prob-
lems, the sum of all bilateral imports flowing into one
country should equal total imports of this country. There
are in principle two ways to ensure this accounting identity
in an empirical model:! the first is to determine the bilateral
imports from individual equations and then calculate total
imports by identity; the second is to start from a separate
behavioural equation for total imports (of goods), and next
use bilateral import equations and impose an adding-up
restriction. The latter may be done through a suitable choice
for the specification of the bilateral import equations (e.g.

import share equations adding up to one) or by attributing,

the residual from the accounting discrepancy to one or more
bilateral equations in one way or the other (e.g. proportion-
ally, or to a residual category). The basic form of these
equations usually relates the bilateral trade flow to a volume
and a relative price variable. The difference between the two
approaches lies in the definitions of the volume variable and
the associated deflator used in the relative price variable: in
the first approach, the volume variable is usually final de-
mand, while in the second approach it is total import volume.
Similarly. the deflators used in the relative price variable are
usually the final demand deflator and the deflator of total
imports, respectively.

Theoretically, these two solutions for the adding-up problem
between bilateral and total imports may both be cast in a
comparable cost-minimizing or utility-maximizing frame-
work. The second solution then follows from certain separ-
ability restrictions on the production function or utility
function, and stems from the well-known two-stage budget-

ing procedure as developed in consumer theory by Gorman
(1959) and Strotz (1957, 1959).

The transformation of this theory from consumer budgeting
decisions to import flow determination was coined separ-
ately by Armington (1969) and Barten (1971). In some of
the most well-known international modelling projects it is
the prevailing approach (e.g. Link, EPA World Economic
Model, Interlink, Comet, Compact), even though the separ-
ability assumptions underlying it have so far been rejected in
general (cf. Winters (1984), Italianer (1986)). This rejection
occurs, generally speaking, if the allocation of total imports
over trade partners is not independent of the allocation of
final demand between imports and domestic production. A
typical example in this respect is the United Kingdom: the
increased production of North Sea oil following two oil
shocks has certainly induced substitution of imports by
domestic production. This would not violate the separability
assumptions if the geographical distribution of imports
would have been left unaffected by this substitution. But as
is obvious, the increase in production has mainly induced a
decrease in the import share of the OPEC countries, thus
violating the separability assumptions. Despite the fact that
the assumptions which warrant the two-step approach are
thus not always satisfied, the approach has nevertheless, for
the time being, been retained for the QUEST linkage model.
The main reasons behind this choice are the practical advan-
tages which it offers: e.g. in this way the need for f{inal
demand variables for all 25 countries and zones of the model
is avoided. It also allows the bilateral trade flow model to
be simulated separately if import volumes and export prices
are known. The disadvantages of the approach should how-
ever not be neglected : as the example of the United Kingdom
has shown, there could be domestic production sectors which
are in competition with only a limited group of countries,
such that a substitution between domestic production and
imports for the products of those sectors affects the geo-
graphical distribution of imports. In order to take account
of these effects, which cannot be explained by the two-step
model, and of other autonomous shifts in the geographical
composition of imports (e.g. a change of preference from
Middle-Eastern oil to North Sea oil), autonomous variables
are introduced in the bilateral trade flow equations, such as
dummies and trends. In this way it is hoped to eliminate—at
least partially—the bias in the behavioural parameters of the
import allocation system which otherwise might be present.
Notably in order to deal with the energy problem, the effects
on the estimation results for the total import equations are
analysed of the exclusion of energy/oil. In this case a two-
step approach would be maintained, but the total import
variable in the bilateral trade flow equations could be
changed according to whether the exporting country is a
substantial energy/oil exporter or not.
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2.2. The theoretical model

We derive the total import equation and bilateral import
equations in one single framework, which is the subject of
this section. Despite previous remarks about the separate
treatment of different product categories such as oil, this
framework is based on a one-good economy in order to
simplify the presentation.2 Moreover, the framework is con-
sistent with the derivation of the demand for labour, capital
and the determination of production capacity in the national
QUEST models. This may be seen as follows. In the one-
good economy, it is assumed that there is a representative
producer in country j who has to satisfy a certain final
demand F, using domestic inputs3 Y,,...Yp and bilateral
imports of goods Xj;,....X; (X = 0 if j is a country, but
not if j is a zone). Ti)e domestlc inputs may be thought of
as capital and labour, while for the sake of the argument it
is assumed throughout that bilateral imports from i to j may
be identified with bilateral exports from i to j. It is taken
that it is possible to describe the relationship between final
demand on the one hand, and the domestic inputs and
bilateral imports on the other hand, by a regular production
function H:

F=H(Y) .. Y, X ... Xy G), )]
where G represents other factors than domestic inputs and
bilateral imports, €.g. time or autonomous preference shifts.
It is assumed that final demand is given for the national

producer who minimizes his production costs subject to (1):*

where PY, and PX;; are the prices associated with Y, and
X, for h=\, .., p and i=1, ..., n, respectively. The prices
P{’h could represcnl nommal wages and the user cost of
capital, for instance, while PX; are the bilateral import
prices. Under the assumption thal H(.) is weakly separable’
in the partitioning (Y|, ..., Y ) (XIJ, " an), (G), the pro-
duction functioning may be wnlten as"

F = H(y, m, G) 3)

where y is a function of Y, ..., Y _ only and similarly m is a
function of all bilateral imports X, X,; only. If the
domestic inputs Y, are capital and 1abour y could be re-
garded as a value-added production function, while m is
usually called an import aggregator function. It should be
noted, however, that y and m in general are not equal to
value added Y and total imports of goods M in constant
prices, even though the latter are usually taken in practice
as proxies for the former.
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The fact that the production function is weakly separable
and may thus be written as in (3) is already a necessary and
sufficient condition for the existence of a two-stage process’
in which we first derive total imports and next allocate
total imports over bilateral imports using only total import
volume and the bilateral import prices, i.e. excluding final
demand or the prices of the domestic production factors.
While the allocation of total imports is not influenced by
the prices of the domestic inputs, the opposite is the case
for the allocation of the ‘value-added’ aggregate y: the
demand for production factors is not influenced by bilateral
import prices. In other words, the weak separability assump-
tion guarantees the consistency between the usual two-factor
production function approach and the separate allocation
of total imports.

Under a somewhat stronger condition than mere weak separ-
ability, it is even true that the outcome of the two-stage
process is the same as if (2) is only minimized subject to (1).
For instance, a sufficient condition is that the function (1),
and therefore the function (3), is homogeneous (of any
positive degree). In such a case, the outcome of the cost-
minimization problem (2) is equivalent to the result of the
following two-stage process.?

The first stage is the one in which the producer decides on
the amounts to spend on the domestic inputs aggregate y
and the import aggregate m. This follows from the following
cost-minimization problem subject to (2):

Min py.y + pm.m 4
y, m

with py only a function of PY,, .. PY and pm only a
function of PXj o PX . The second stage is the one in
which the mdmdual domestlc inputs Y|, ..., Y and bilateral
imports XI, e Xy are determined (elther through cost
mlmmlzauon given y and m, or through ‘utility maximiza-
tion’ of y and m given their corresponding money values
YV = py.yand MV = pm.m).

A specific functional form for (1) leads to specific functional
forms for the demand equations for domestic inputs and
bilateral imports. If (1) is of the form (3), there will be
specific functional forms for the demand equations for the
aggregates y and m, and next for the individual domestic
inputs and bilateral imports.

In actual practice, it is the demand equation of total imports
M which is usually estimated, with the domestic aggregate
(if approximated by value added Y) usually defined through
the well-known identity:

Y=F-M, 5

which is to be interpreted as an adding-up condition on final
demand.



Specification of the equations

For the derivation of the equations in this paper, we will
use specific functional forms for (3) and the total import
aggregate m appearing in that equation, but not for the
‘value-added’ aggregate y, since the determination of the
demand for domestic production factors is outside the scope
of this paper. Nevertheless it is clear that an independent
approach for the domestic inputs, starting from a specific
functional form for y, is justified in the context of the
framework sketched above.

2.3. Total import equation

2.3.1. Basic equation

The previous section showed that a sufficient condition for
the two-stage approach to be consistent with a one-stage
approach was the homogeneity of the weakly separable
production function (3). For the derivation of the total
import equation in this section, the widely used CES func-
tion, assumed to be homogeneous of degree q, is therefore
adopted as a functional form for (3). The equation resulting
from this function is then extended to include disequilibrium
effects and dynamics.

The CES function, homogeneous of degree q, takes the
following form:
F=A(hy "+ (I-h).(G(t).m)~F)~a/r " (6)

with A the scaling parameter, h the distribution parameter,
c=1/(1+r) the elasticity of substitution and with G written

as a function of time, multiplicatively associated with the .

import aggregate m. It should be remembered that in (6), y
and m are still functions of the domestic inputs and bilateral
imports. The y function is left unspecified, and a functional
form for the aggregator function m will be introduced below
to derive the bilateral import equations.

Cost minimization of (4) subject to (6) leads, after some
algebra, to the following loglinear import function:

Inm = a + b.In(F.Z(t)) ~ c.In(pm/p) N

with Z(t) a transformation of the function G(t) (Z(t) =
G(t)~9), the coefficient b equal to the inverse of the degree
of homogeneity q (b=1/q) and ¢ again the elasticity of
substitution between the domestic aggregate y and imports
m. Specification (7) allows the incorporation, through the
function Z(t), of secular effects on imports through the
formation of customs unions, abolition of trade barriers,
international specialization, improved means of communi-
cation and trade integration in general. The relative price

term in (7) requires some remarks. Given that m is an
aggregator import quantity index of bilateral imports (e.g.
a CES function), pm is the dual of this function, and there-
fore not the observed cif import index.? It is the index such
that the product pm.m equals the total value of imports
ZiPXij‘Xij(.), with Xij(.) the derived demand functions for
bilateral imports. Similarly, p is the dual of the CES function
in (6), and therefore a function of pm, py and the function
Z(t). Although m, pm and p are therefore not observable
(being functions of parameters to be estimated), we proxy
them in practice by, respectively, total imports of goods in
constant prices M, the corresponding import unit value
index PM and the final demand deflator PF. Experience
shows that these proxies are acceptable: from here they will
therefore be used in the equations to replace m, pm and p.

2.3.2. Cyclical influences

One of the characteristics of the import function (7) is that
it is derived for a representative national producer in a cost-
minimization framework or, for that matter, in a disequilib-
rium framework with effective demand. We can call upon
the aggregation of micro-economic import functions in a
more general disequilibrium framework to introduce the
degree of capacity utilization DCUjas an additional explana-
tory variable,10

InM = a + bin(F.Z(t)) — c.In(PM/P) + d.DCU ®)

Next to the empirical phenomenon that increasing tensions
on the goods market lead to an augmentation of imports,
the introduction of the rate of capacity utilization is there-
fore also justified theoretically in a disequilibrium frame-
work.

2.3.3. Dynamics

Even though equation (8) makes a distinction between secu-
lar and cyclical effects, it is still essentially static in nature.
Before estimation, some further transformations have to be
made in order to introduce dynamic elements. If dynamics
are not introduced, the equations will suffer from autocorre-
lation, and moreover will have undesirable simulation prop-
erties.

A general way to introduce dynamics is to assume that
equation (8) determines an optimal amount of imports M*
instead of actual imports M. By assuming that actual imports
adjust to optimal imports, e.g. through an error correction
mechanism (ECM) or a partial adjustment model (PA), a
dynamic link is then created between the explanatory vari-
ables of equation (8) and actual imports of goods M. The
disadvantage of the ECM/PA approach, however, is that it
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assumes an equal distributed lag structure for each of the
explanatory variables. Close inspection of equation (8) re-
veals why this is an unrealistic assumption. In ‘allocation’
systems like the present one, the volume effect stemming
from the final demand variable is likely to exert an effect on
imports fairly quickly: this follows from the input-output
relationship between final demand and primary inputs,
which is a direct, almost accounting, relationship. Changes
in relative prices, on the other hand, may take some time to
modify the structural split between domestic production and
imports. This may be due to recognition lags, decision lags,
delivery lags, replacement lags and production lags.!! A
shortage on the domestic goods market may also have a
delayed effect on imports, but this effect is direct almost
by definition and the delays are in principle reduced to
delivery times, and may be considered to be instantaneous
or lagged with one period at most, given the periodicity of
our (quarterly) data. This implies therefore almost immedi-
ate effects of the variables for final demand and capacity
utilization. For relative prices, on the other hand, we have
to take account of lags. This would lead to the following
dynamic functional form for the import function:

InM = a + b.n(F.Z(t)) —c(L).In(PM'PF) + d.DCU, (9)
where ¢(L) is a distributed lag function.

In practice only one form for ¢(L) has been used:!? the
Koyck lag distribution, which is an infinite and geometrically
declining distribution defined as C(L)=c.(1-k).Z,%, k'L,
with L the lag operator (Lx,=x,_,). The use of the Koyck
lag requires a transformation of (9) to eliminate the infinite-
ness. This leads to an equation of the type:

InM =a + b.(n(F.Z() — kn(F_,Z(t—=1))
+kInM_, (10)
~ c.(1-k).In(PM/PF) + d.(DCU - k.DCU_))

In this equation, b, ¢ and d sull represent long-term values
of the corresponding elasticities.

2.4. Bilateral import equations

By choosing a functional form for the import aggregator
function in (3) and by minimization of total import costs
with m. given,'* a specification for the bilateral import
functions is obtained. These equations are extended to in-
clude also dynamics and disequilibrium effects.
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2.4.1. Derivation

The most widely used functional form for the aggregator
function in empirical work is the CES function, drawing on
the approach by Hickman and Lau (1973). Research has
shown, however, that in a model with a considerable number
of trade partners (say more than 10), the CES function is
too simple, !4 and a more general type of aggregator function
is therefore needed. The aggregator function proposed is
the CRESH (constant ratios of elasticities of substitution
homothetic/homogeneous) function of Hanoch (1971). This
function is a generalization of the CES function and defines
the import quantity index m; implicitly as follows:

Z, dy.(X/my) — 1y —1=0, (11)
where it is required for regularity that r;> —1. It may
be seen that if all r; are equal, this function is a linear
homogeneous CES function. If total import costs MZV; are
minimized :

min  MZV, = I PX;.X; (12)

X

subject to (11), the bilateral import equation resulting from
the minimization problem has the following logarithmic
form!5

In Xij =a; + In m; — bij.ln(PXij/pmj) (13)

with b, =1/(1+ r)- This formulation has a unitary elasticity
of bilateral imports with respect to the import quantity
index m:, which is implied by the linear homogeneity of the
CRESl—f function (11). The elasticity b;;, which can be called
‘relative price elasticity’, is not the (Allen-Uzawa, partial)
elasticity of substitution. The latter is defined, for the substi-
tution between trade partners i and k, as:!6

AES, = b,by (T, wy; by). ik (14)

with wy, the import value share of country h in the optimum.

In the special case b;=b,; for all i and k , equation (13)
corresponds to a CEé aggregator function. It is therefore
clear where the so-called ‘simplicity” of the CES model arises
from: this model amounts to equal relative price elasticities
(and therefore Allen elasticities of substitution) for all bi-
lateral trade flows going into one country.

As for the total import equation. some problems arise for
equation (13) from the import quantity index m. and the
import price index pm;: they are both defined implllcitly and
are moreover a function of the parameters of the model.
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This implies that they are not observable and cannot be used
for estimation. There are several ways to deal with these
problems,!7 but the most practical solution in the present
situation seems to proxy the import quantity index m; by
the sum of bilateral exports MZ; (=Z.,X;;), and the import
price index pm. by a weighted avcrage PMZ (= MZV/
MZJ (EX ll"X )/(Z ;;)) of the bilateral export pnces
P‘( The vanable MZJ 1s called quasi-fob import volume,

the price PMZ; is called the quasi-fob import price.
These proxies do not essentially invalidate the approach,
since they capture the same phenomena contained in the
aggregates m; and pm;, namely bilateral import volumes and
prices: X;; and PXi. JFurther‘more the bilateral prices PX;
have been prox1ed in the absence of bilateral price data
by the total export price PX;. This is justified under the
assumption that country/zone i produces a homogeneous
good for which there is no price discrimination according
to the country of destination.

A further problem caused by the implicitly defined indices
m and pm. is the adding-up condition. Given that proxies
are used, 1he adding-up condition which is still valid for
(13), if m; and pm. are defined appropriately, no longer
holds. As seen in Box 4, this is solved through a proportional
adjustment on all bilateral value flows XV. J( PX. XJ) dur-
ing simulation such that ZXV;=MZV. It should be noted
that the adding-up condluon in constant prlces which
should hold because the proxy MZ. is used, is respected
automatically through the definition of the corresponding
quasi-fob import price index PMZJ-:

= (TX; PX).EX/EX;PX)

llj SR M

= MZV;/PMZ, = MZ, (15).

Given the proxies for m;, pm, and PX;, the basic, static,
estimating equation for the bﬁateral 1mport equations be-
comes: '8

As for the total import equation, this static equation is the
point of departure towards a complete estimating equation.

2.4.2. Dynamics

A first step to further develop equation (16) is through the
introduction of dynamics. Using similar arguments as above
on the specification of dynamics in allocation models. a

Koyck lag of the form bJ (I-¢ i) - Cij .L)"! on the relative
price term in (16) leads to the followmg specification:

lnXij=a + In MZ; + c;In (X;/MZ))_,
- by(1- c)ln(PX/PMZ) (17)

Next to the dynamic version a correction for autocorrelation
may also need to be applied, either to the form (16), or to
the form (17). Furthermore it might also be needed to
introduce additional lags on the relative price term, depend-
ing on the empirical results.

2.4.3. Disequilibrium effects

As noted above for the total import equation, the aggre-
gation of micro markets in disequilibrium leads to aggregate
import and export functions containing rates of capacity
utilization for the importing and exporting country, respect-
ively.!9 Since the bilateral trade flow system proposed is an
import allocation model based on separability assumptions
regarding the national production function, the domestic
rate of capacity utilization will not appear in the bilateral
import functions.29 The foreign rates could however appear
in the bilateral import equations, in the same form as the
relative prices.2! This approach is only feasible if rates of
capacity utilization are available for all 25 countries/zones
in the model; moreover, these rates should all be defined
such that they have the same values when there is a ‘normal’
utilization of capacity. In the present situation, neither of
the two conditions is fulfilled for the QUEST model: pre-
sently rates of capacity utilization are only available for four
countries, and it is not sure that they have equivalent scales.
It is therefore proposed to revert to the Barten and d’Alcan-
tara (1977) approach in which, for a bilateral trade flow
equation for exports from country i to country j, the rate of
capacity utilization of country i appears in levels instead of
relative to the levels of its competitors. This approach is
justified in the sense that if the capacity utilization of country
i is low relative to that of its competitors but high relative
to its normal domestic level, the country will still not have
an incentive to exert an extra push on exports. Thus includ-
ing the level of the rate of capacity utilization DCUi of
country i in the bilateral export flow equation (16), after the
introduction of a Koyck lag on the relative price, the follow-
ing extension of (17) is obtained:

In X;; = a; + In MZ + ¢;In (X/MZ))_,
bU (- c)ln (PX/PMZ) (18)
(DCU - DCU'_)

with a negative sngn for d to represent the positive effect of
domestic slack in country i on export promotion in general
and on exports to country j in particular.
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Box 2: Data for total import equations

The data for the total import functions! are quarterly, seasonally
adjusted, and in national accounts definitions originating—di-
rectly or indirectly—from national sources (Germany: DIW,
France: Insee, the United Kingdom: CSO, the United States:
OECD). The variable for the degree of capacity utilization
(DCU) comes from national business surveys (Germany: IFO,
France: Insee, United Kingdom: CBI, United States: Federal
Reserve Bank). Imports of non-energy/oil were obtained
through subtraction of energy/oil imports from total imports,

except for the United Kingdom. The energy/oil concepts are the
Standard International Trade Classification (SITC) category 33
(=crude petroleum and petroleum products) for the United
Kingdom and the United States, SITC 3 (total energy) for
France, and ‘mining-products’ for Germany. Sources are the
Sysifo model (Statistisches Bundesamt definitions) for Germany,
Insee national accounts for France, CSO for the United
Kingdom and DRI for the United States.
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3. Estimation, stability and robustness of the
total import equations

In this chapter estimation results are presented for Germany,
France, the United Kingdom and the United States for the
total import equations derived in the previous chapter. As
for the theoretical derivation, a basic equation is the point of
departure, which is then extended to include disequilibrium
effects and dynamics. These results are presented in sec-
tion 3.2, after a discussion, in section 3.1, of the specification
of the trend variable which represents trade integration
effects in the total import equation. Next, section 3.3 exam-
ines the stability and robustness of the estimations, followed
by an analysis of the problems posed by the inclusion of
energy in the equations, in section 3.4, A description of the
data sources is given in Box 2.

3.1. Trade integration

In the previous chapter, the following estimating equation
for the total import equation was derived:

InM = a + b.(In(F.Z(t)) — kIn(F_,.Z(t — 1))
+kinM_, (19)
— c.(l = k).In(PM/PF) + d.(DCU - k.DCU_)

with M total imports of goods in constant prices, PM the
corresponding deflator, F final demand in constant prices,
PF its deflator and DCU the degree of capacity utilization.
The secular function Z(t) is unspecified so far. Therefore,
before passing on to estimation, its specification is first
discussed, in conjunction with the long-run growth rates of
the other variables appearing in equation (19).

3.1.1. Empirical evidence

For the specification of the trend variable Z(t), it is of
importance to get an idea of the orders of magnitude that
are involved in the estimation of equation (19). Therefore
the medium-term and long-term average annual growth rates
of the main variables appearing in that equation are pre-
sented in Table 1. As the degree of capacity utilization is
typically a cyclical variable, it is not included in the table.
Moreover, for the import variables, the results are presented
including and excluding energy/oil. Next to the results for
the four countries, the OECD average is also presented for
comparison. Of particular interest are the third and sixth
column in which appear growth rates for the share M/F of
total import volume in final demand volume, and the in-
verted relative price PF/PM of equation (19). The latter
variable has been inverted because in that form it is supposed
to be positively correlated with the import volume share

M/F. In addition Graphs 1 to 5 present the development
over time of these two variables. Graph | compares the
import volume shares in final demand. The graph shows
that the economies of Germany, France and the United
Kingdom are increasingly convergent in terms of import
shares in final demand, going from 8-11% in 1963 to 17-
18% in 1984. The same figure also shows the well-known
limited openness of the United States economy, with the
effects of the high dollar clearly appearing at the end of the
period. The high growth rates for the import volume share
in Table 1 for the United States are clearly due to the low
starting level for this variable in the beginning of the 1960s.

The developments of the total import share in final demand
M/F and the inverted relative price PF/PM are plotted in
Graphs 2-5. In principle there should be a positive corre-
lation between the two variables. Similar variances may be
noted between the two variables for France and the United
States, while the correlation seems at first sight weaker for
the two other countries. There is a clear break between the
two series in the course of 1974 due to the oil price shock.
This problem will have to be treated when the stability of
the equations is analysed in section 3.3 below.

For the specification of the trend variable Z(t) it is interesting
to look at the medium-term and long-term relationships
between imports, final demand and relative prices. The fol-
lowing medium/long-term relationship, between the import
elasticity b with respect to final demand and the average
annual growth rates of the variables mentioned above (indi-
cated with a dot), may be calculated from equation (19)

b=~ M/F— ¢(PE /PM)/F (20)

This relationship shows that if there is no change in relative
prices, the volume elasticity equals approximately the ratio
of the average annual growth rates of import volume and
final demand volume. Assuming an elasticity of substitution
equal to 0,5, the calculation according to equation (20) is
presented in the last column of Table I. Even though these
implicit volume elasticities are only a rough approximation,
they reveal that for almost all countries and sub-periods
imports grow consistently faster than final demand, also
when corrected for changes in relative prices. Indeed,
through the formation of customs unions, abolition of trade
barriers, international specialization and improved means of
communication, this phenomenon must be ascribed to a
steady trade integration between most national economies
irrespective of the general economic situation. This trade
integration is a secular movement and should be dis-
tinguished from the reaction of imports to small shocks in
final demand, such as those generated for policy simulations.
In other words, there should be a difference between the
properties of the import equation for forecasting, where the
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Table 1

Medium-run and long-run growth rates of the main variables appearing in the total import equation (incl. and excl. energy/oil), 1965-84

Import Final demand Import volume Final demand Import Relative Implicit volume
volume volume share deflator deflator price elasticity
M F M/F PF PM PF/PM b
FR of Germany
1965-73 T 8,0 4.8 3,1 43 1,4 2,8 1,4
N 83 33 1,2 3,1 1,4
1974-79 T 6,5 34 3,0 4,1 31 1,0 1,8
N 7,0 34 31 1,0 1,9
1980-84 T 1,0 0,9 0,1 3,7 49 -1l 1,7
N 1,9 1,0 438 -1l 2,7
1965-84 T 5.6 3,2 23 4,5 44 0,1 1,7
N 6,1 28 3,5 1,0 1,7
France
1965-73 T 12,9 6.3 6,3 5,0 2,6 23 1,9
N 13,6 6,9 2,5 24 2,0
1974-79 T 6,5 3,6 2,7 9,6 5,6 3,8 1,3
N 6,9 31 55 39 1,4
1980-84 T 2,2 1,4 0,8 10,3 9,8 0,5 1,4
N 2,7 1,3 10,1 0,1 1,9
1965-84 T 8,2 4,2 39 83 1,5 0,7 1,9
N 8.8 4.4 6,4 1,8 1,9
United Kingdom
1965-73 T 7,2 3,7 33 6.2 6,1 0,1 1,9
1970-73 N 104 5,1 5,0 8,5 9,3 -0,6 2,1
1974-79 T 2,6 2,1 0,5 15,2 12,3 2,6 0,6
N 5.2 3,1 11,5 34 1,7
1980-84 T 5,0 1.9 3,1 73 73 -0,0 2,6
N 6,4 44 6,7 0,6 3,2
1965-84 T 4,5 23 2,1 10,1 10,1 -0,0 2,0
1970-84 N 5.8 2.1 3,6 12,0 10,4 1.4 24
United States
1965-73 T 10,2 4,1 5.9 4.6 5,1 -0,5 2,5
1967-73 N 9.6 39 5.5 5.1 6,2 -1,1 2,6
1974-79 T 6,1 37 24 74 8,5 -1,1 1,8
N 6,1 2,4 7,6 -0,3 1,7
1980-8¢ T 10,6 33 7,1 51 -30 83 2,0
N 11,9 8,4 0,8 43 3,0
1965-84 T 7.8 33 43 6,0 7,0 -09 2,5
1967-84 N 7.7 3.1 44 6,4 6,7 -0,3 2,5
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Table 1 (continued)

Medium-run and long-run growth rates of the main variables appearing in the total import equation (incl. and excl. energy/oil), 1965-84

Import Final demand Import volume Final demand Import Relative Implicit volume
volume volume share deflator deflator price elasticity
M F M/F PF PM PF/PM b

OECD
1965-73 9,2 5,4 3,6 3,5 49 1,4 1,6
1974-79 4,2 33 0,9 7,4 8,2 0,7 1,2
1980-84 3,9 2,4 1,5 Y 6,8 1,0 1,4
1965-84 59 3.7 2,1 73 7,0 =0,3 1,6

Seasonally adjusted average annual rates.

Source for OECD: National Accounts, Vol. I, OECD, Paris, 1985.
T = total imports.

N = excl. energy/oil.
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secular trade integration effect plays a role, and for the
analysis of economic behaviour through e.g. multiplier
analysis. This difference is introduced in equation (19)
through the variable Z(t), whose specification is next dis-
cussed.

3.1.2. Specification of the trade integration effect

Specifying Z(t) as a function of time alone implies that it
plays a role for forecasting, but has no effect in the kind of
analysis where simulations of (policy) shocks are compared
to baseline simulations.

Reverting to Table 1, it is evident from the third column
that the long-run growth rate of the average OECD total
import volume share sets a lower limit to that of the other
four countries. A trend has therefore been fitted to the
development of this share over the pertod 1960-84, and the
fitted value of this trend has been introduced as the variable
Z(t). Graph 6 shows the development of the OECD share
(which was interpolated from annual data) over time, to-
gether with the fitted trend value Z(t). The latter was ob-
tained through fitting the OECD share, say W, to a log-
istic curve of the following type:

W = 1/(1 + exp(a+b.t) 2n

This logistic curve was chosen in order to avoid the usual
assumption that a variable grows continuously at an expo-
nential rate. Such a specification is to be avoided since the
share of imports in final demand has a maximum equal to |,
and the fitted curve should represent this property, as does
equation (21).

After making the transformation in (I/W —1), specification -

(21) leads to a linear estimating equation. Due to the change
in the level and curvature of the W-curve before and after
1975, the coefTicients for these two periods have been sep-
arated (spline regression), and a dummy introduced for
1975/1-1975/1V to account for the stump in that year. This
leads to the following estimation result:

In (YW-1) = 2,1233 + 0,1028 D75 — 0,3252 D7684

(0,0055) (0,0123) (0,0290)
—0,0089 t + 0,0061 17684 (22)
(0,0002)  (0,0004)
R? = 98,6 SER = 2,2% DW = 0,237

Sample period: 1960/1-1984/1V

D75: = 1 for 1975/1-1975/1V, = 0 otherwise,
D7684: = 1 for 1976/1-1984/1V, = 0 otherwise,
t: = 1960/1 = 0, 1960/I1 = 1, etc.

t7684: = t for 1976/1-1984/1V, = 0 otherwise,

For the period 1960-74, this equation gives annual growth
rates of 3,0-3,2% for the average OECD import volume
share, while this figure is reduced to 1,1% for the 1976-84
period. These two growth rates are comparable to the OECD
figures for the corresponding periods in the third column of
Table 1. If the fitted value of equation (22) is called V|, the
trend variable introduced in the estimating equation (19) is
now obtained as:

Z(t) = 1/(1 + exp(V)) (23)

In the following subsection it is seen that the introduction
of Z(t) in (19) strongly reduces the volume elasticities, while
at the same time guaranteeing the secular growth of imports
compared to final demand.

3.2. Estimation

This section presents the estimation results for the total
import equation over the sample period 1965/1-1984/IV.
Starting from a basic specification, the trade integration
variable, degree of capacity utilization and dynamics are
introduced consecutively.

3.2.1. The effect of trade integration

Before starting the actual estimations the effects of the
introduction of the trade integration variable Z(t) are ana-
lysed. For this purpose the static total import equation
is estimated without and with introduction of Z(t). The
corresponding estimation results are presented in Tables 2
and 3. In Table 2 Z(t)=1, while in Table 3 the fitted value
of equation (23) is used.

This operation brings the volume elasticities b down from
the range 1,7-2,3 (which could be expected on the basis of
Table 1) to the range 1,0-1,5. Aithough the volume elastici-
ties in Table 3 are significantly different from | (except for
the United Kingdom), they are now at more acceptable
levels to cope with economic behaviour (e.g. as a reaction
to policy shocks) as compared to secular trends. It may be
seen that the countries for which the elasticities are closest
to I are those for which the average 1965-84 growth of the
import ratios in Table 1 is closest to the OECD average,
which is in all four cases lower or equal. It may seem that
the introduction of Z(t) leads to a deterioration of the
explanatory power of the equation. As will be seen below,
however, this is mainly due to the fact that the equation is
not yet estimated in its complete form. In the complete form
the loss of fit is negligible. The price to pay in order to
obtain the distinction between secular trends and realistic
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Graph 6: Import volume share in final demand (M/F) and
fitted logistic spline trend, OECD average, 1960-84
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economic behaviour in the total import equation is therefore
low and acceptable. The elasticity of substitution is the
highest for the United States in the two tables, the elasticity
for the United Kingdom even being positive if we include
the trade integration effect. Moreover, in Table 3, the elas-
ticities of substitution are not significant for France and
Germany. Finally, the Durbin-Watson statistics in the two
tables give a clear indication of positive autocorrelation in
all cases.

The specification of Table 2 is directly comparable to that
of the Compact model of which QUEST is to be considered
as an extension. It is therefore interesting to compare the
estimation results with the import equation from Dramais
(1986, p. 149),

InM = —-4273 + 1,331 In F —0,264 In (PM/PD) (24)
(0,584) (0,083) (0,106)

R2 = 0,996 DW = 1,910
PD = domestic demand deflator

Sample period: 1958-82

If one disregards the differences that hamper formal com-
parison of the Compact equation with those for the QUEST
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model,? the most striking difference between Compact and
Table 2 is the volume elasticity: while ranging from 1.7 to
1.9 for the three European countries in Table 2, it equals a
mere 1.3 for Compact.

Theoretically, the differences between these elasticities could
be ascribed to two causes. The first is that the Compact
equation is an EUR 10 aggregate, and therefore the elastici-
ties of the countries other than those of Table 2 might be
lower. However, the simultaneous increase in trade inte-
gration which took place over the period under consider-
ation makes this a purely hypothetical possibility. The se-
cond, and probably more realistic explanation is that the
dependent variable in Compact concerns extra-EC imports
only. Since the strong development of imports is to a large
extent due to intra-EC trade integration, this would explain
the seemingly low Compact elasticity. Moreover, this would
justify a comparison of the Compact equation with Table 3
rather than with Table 2, and from that comparison the
results are quite acceptable. As an illustration of this point
Table 4 shows the intra-EUR 10 share in the imports of the
three European countries under consideration, together with
the EUR 10 average. For example, this table shows that for
the EUR 10 there was on average a growth differential of
0,6 percentage points between the volumes of intra-EUR 10
imports and total imports over the 1965-84 period.3 Under
ceteris paribus assumptions, this growth differential suggests
differences in volume elasticities between intra-EUR 10 and
total imports of the order of 0,6, which corresponds roughly
to the differences between Table 2 and the Compact equa-
tion.

As it is evident that the trade integration variable Z(t)
reduces the final demand elasticities to values in an a priori
acceptable range, it will be used in all subsequent esti-
mations.

3.2.2. Cyclical influences

With respect to the general formulation (19), cyclical influ-
ences and lags on the relative prices have hitherto -been
omitted. In this subsection cyclical influences in the form of
the rate of capacity utilization DCU are introduced :

InM = a + b.n(F.Z(t)) — c.In(PM/PF) + d.DCU (295)

The coefficient d of the rate of capacity utilization DCU is
a quasi-elasticity: a one-percentage point increase in the rate
of capacity utilization will increase imports by about d%.
Furthermore it is usually assumed that the effects of the
degree of capacity utilization are stronger, the higher its
value becomes (non-linear effects). In a first instance, how-
ever, only a linear effect is retained. 4
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Table 2
Static import equation with volume and price effect, excluding integration effect

InM = a+b.In F+c.In (PM/PF)

a b c SER R? DW

FR of Germany —6,304 1,731 —0,144 2,3 99,5 1,01
(0,080) (0,013) (0,035)

France - 7,169 1,924 - 0,094 2,8 99,7 0,42
(0,081) (0,015) (0,061)

United Kingdom —10,516 1,778 —0,035 3,7 97,6 1,07
' (0,365) (0,033) (0,048)

United States —10,679 2,315 —0,258 4,9 , 98,3 0,94

(0,266) (0,047) (0,041) .

Sample period: 1965/1 to 1984/IV.

Standard errors below coefficients.

SER = estimated standard error of the equation.

R? = coefTicient of determination, corrected for degrees of freedom.
DW = Durbin-Watson statistic.

Table 3

Static import equation with volume and price effect, including integration effect

InM = a+b.ln (F.Z(t)) + c.In (PM/PF)

a b ¢ SER R? DW

FR of Germany - 5,869 1,134 —0,083 3,5 99,0 0,43
0,115) (0,013) (0,053)

France =17,759 1,360 —-0,107 3.4 99,5 0,37
(0,103) (0,012) (0,073)

United Kingdom —4,567 0,993 0,013 4,1 97,1 0,95
(0,280) (0,020) (0,052)

United States -9,925 1,483 -0,286 43 98,7 1,24
(0,222) (0,026) (0,037)

For notes, sec Tabie 2.
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Table 4

Intra-EUR 10 import shares in the value of total imports of goods,
1965-84

(%)

1965 1974 1980 1984
FR of Germany 49,6 50,6 49.8 48,7
France 49,1 51,3 51,7 56,9
United Kingdom 24,1 31,7 40,8 44,1
EUR 10 45,6 48,6 50,2 51,4

The import volume share in final demand (corrected for
trend) and the degree of capacity utilization have been
plotted in Graphs 7 to 10. For all four countries the move-
ments in the latter are smoother than for the former. Never-
theless the variations between the two variables move ap-
proximately together, except perhaps for the earlier periods
in France and the United States.

Table 5 presents the estimation results of equation (25). The
effect of the degree of capacity utilization is positive and
highly significant in three cases, and ranges from 0,25% in
France to 0,48% for the United Kingdom. Compared to
Table 3, the volume elasticities b hardly change. The same
holds for the elasticities of substitution except for Germany,

which has not the expected sign, although the coefficient is
not significantly different from zero in both cases, as for
France and the United Kingdom. In terms of estimated
standard errors there is an improvement in the goodness of
fit of between 5 and 15%. The Durbin-Watson statistics also
improve slightly, except for France.

3.2.3. Dynamics

A final step is to introduce dynamics in the equations. As
was argued above, it is proposed to do this via a distributed
lag on the relative price variable, which leads to the general
type of equation (9). This could be expected to improve the
significance of the substitution elasticities and to remove —
at least partially — the autocorrelation which is still present
in equation (5). More specifically, a Koyck distributed lag
is introduced for the distributed lag function ¢(L) in (9).
This leads to the specification (10). Results for the estimation
of this equation are given in Table 6. It is evident that the
introduction of the Koyck lag hardly changes the final
demand elasticities b and the quasi-elasticities d for the
degree of capacity utilization, in the latter case with the
exception of France, where the coefficient d was already
unstable. The picture for the elasticities of substitution,
although they now all have the theoretically expected sign,
is hardly changed: only the elasticity for France increases
markedly, but is significant at 11% only. Except for the
United States, therefore, the elasticities of substitution still
pose a problem. Compared to Table 5, the introduction of
dynamics improves the goodness of fit considerably in terms

Table 5
Static import equation extended with degree of capacity utilization

InM = a + b.n (F.Z(t)) + c.In (PM/PF) + d.DCU

a b d SER R? DW

FR of Germany -6.516 1,167 0,009 0,435 3,1 99,2 0,55
0.177) (0.014) (0,051) (0,097)

France —-8.014 1,366 -0,082 0,245 33 99,5 0,37
. (0,210) (0,013) (0,075) 0,177)

United Kingdom — 5,663 1,044 —0,024 0,483 3,5 97,9 1,28
(0,320) (0,020) (0,045) (0,092)

United States -10,710 1,533 —0,281 0,432 38 98,9 1,55
(0,261) (0,026) (0.033) (0,093)

For notes, scc Table 2.
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Table 6

Dynamic import equation with Koyck lag on the relative price

InM=a+ kinM_, + b(In(F.Z(t)) — kIn(F_,.Z(t—1))) + c.(1-k).In(PM/PF) + d.(DCU - k.DCU_))

a b c d k SER R? DW

FR of Germany - 1,706 1,161 -0,032 0,324 0,732 2,2 99,6 2,27
(0,525  (0,032) 0,126)  (0,140) (0,080)

France - 1,599 1,383 -0,506 0,442 0,808 1,9 99,9 1,78
(0.538)  (0,040) 0313)  (0,272) (0,063)

United Kingdom —3,856 1,050 —0,040 0,449 0,325 33 98,0 1,89
(0,690) (0,027 (0,064)  (0,118) (0,112)

United States -8,526 1,534 —0,283 0413 0,203 38 99,0 1,99
(1,231) (0,032 0,041)  (0,113) (0,113)

For notes. see Table 2.

of the estimated standard errors of the equation, notably
for Germany and France whose standard errors are reduced
by 35 and 45%, respectively. Furthermore the positive auto-
correlation seems to have been generally removed, as far as
can be judged from the Durbin-Watson statistics.

The dynamics in Table 6 differ between Germany and France
on the one hand, and the United Kingdom and the United
States on the other hand. The mean lags k/(1—k) for the
former countries are 2,7 and 4,2 quarters, while for the latter
they are 0,5 and 0,3 quarters, respectively. This is illustrated
in Graph 11, which shows the differences in weights over
time of the distributed lags by country.

As a further test to improve the equations, it was tried to
replace the Koyck lag in the equations of Table 6 with
different types of Almon lags, combined with a correction
for first-order autocorrelation. The goal of these tests was
either to improve the fit of the equations and/or to increase
the elasticities of substitution or their significance. Neither
of these criteria could be enhanced in this way, however. In
the absence of further tests, the estimation results of Table 6
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therefore seem to have to be preferred, as long as the restric-
tions are respected that the equation should be estimated
over the complete 1965-84 period, and that the dependent
variable and its deflator concern imports of goods including
energy/oil. Below the consequences of relaxing these two
conditions are analysed.

3.3. Stability and robustness

Until now the import equations were estimated for the
period 1965/1-1984/1V. This section looks briefly at the
stability and robustness over time of the preferred equations
of Table 6. For all tests it should be noted that for technical
reasons the lag distribution on the relative price was kept
constant throughout (i.e. the value of the Koyck para-
meter k). The values used were those of Table 6. Three
tests have been performed: a ‘moving’ Chow test, forward
recursive regressions and backward recursive regressions.
They are discussed consecutively.
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3.3.1. ‘Moving’ Chow test

The Chow test is used to test the stability of all four coef-
ficients that are not fixed (i.e. a, b, ¢, and d from Table 6).

Each time it is tested whether there is a significant break for

these coefficients between the first and second part of the
sample period 1965/1-1984/IV. The breakpoint is moved
from 1970/1 to 1980/1 in order to detect the most significant
instabilities. Table 7 presents the resulting values of the F-
statistics.

For Germany there are signs of a break after the first oil
shock, in 1974-75. A more detailed analysis for this period
reveals that the highest value of the F-Statistic, 5,239, occurs
at the breakpoint 1974/1-1974/11, which is therefore highly
significant. The corresponding two regressions are given
in Table 11, where the assumption of a constant Koyck
parameter has been relaxed.

As the table shows, all five coefficients change considerably
between the two sub-periods. The change in the volume
elasticity b may be ascribed to the fact that the trend growth
of the trade integration variable Z(t) is much stronger before
than after the oil shock (cf. equation (22)). The substitution

elasticities become significant for both periods since the
jump in the relative price for all imports due to the first oil
shock (cf. Graph 2) is incorporated through the division in
two sub-periods.5 For instance, if the observation 1974/I1
would be included in the first estimation of Table 8, the
coefficient changes from —0,678 to —0,420. The quasi elas-
ticity on capacity utilization, on the other hand, becomes
insignificant for the most recent period.

For France there are at first sight no breaks around the first
oil shock period. Rather the breaks seem to be located in
the beginning of the 1970s. A more detailed look at the test
results reveals a break in 1969/II-1II with a corresponding
value for the F-Statistic of 5,779, which is highly significant.
As a next step, Chow tests were performed allowing for the
possibility of two breaks, the first of which was in 1969/11-
I11. This does indeed show a second highly significant break
located in 1973/IV-1974/1. Table 9 gives the estimation re-
sults for the three sub-periods corresponding to the two
breakpoints, whereas the estimation over the period 1965/1-
1973/1V has also been included for comparison. The equa-
tions for the two sub-periods before the first oil shock show
rather unstable behaviour, therefore it is perhaps better to
compare the equation for this complete period with the one
for 1974/1-1984/1V. Doing so, a slight, insignificant, increase
in the volume elasticity, from 1,1 to 1,3 may be noticed. The
substitution elasticity increases between the two periods and
is significant at 10% only for the second equation. As for
Germany, there seems to be a relationship between jumps
in the relative price (cf. Graph 3) and the occurrence of a
break. The quasi-elasticity on the degree of capacity utiliza-
tion decreases from 3,2 to 0,6 between the two periods,
although this is not necessarily expected on the basis of
Graph 8. Finally the value of the Koyck parameter also
increases considerably, implying that imports react more
slowly to changes in the economic environment.

The ‘moving’ Chow tests for the United Kingdom give
indication of breaks over the complete 1970-80 decade.
Closer scrutiny reveals a maximum value for the F-Statistic
at the 1979/1-1979/I1 breakpoint. Not surprisingly, this
breakpoint occurs at a time when the British North Sea oil
production made significant import substitution possible.
This took place independently of relative price movements
(at least at that time). Estimations in Table 10, for the two
sub-periods corresponding to this breakpoint, nevertheless
do not improve the defaults which were to be noted for the
estimations over the complete sample period. Notably the
elasticity of substitution is not improved and becomes highly
positive, although still not significantly different from zero.
Therefore, whereas for the previous two countries a de-
composition into ‘stable’ sub-periods was sufficient to
obtain satisfactory estimation results this is certainly not
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Table 7

F-statistics from moving Chow tests (with fixed lag distribution)

Break FR of Germany France United Kingdom United States
starting in F(4.72) F(4.72) F(4.72) F(4,72)
1970/1 1,113 2,515 2,944 0,350
1971/1 1,711 1,947 3,121 0,506
1972/1 1,938 0,141 2,366 0,813
1973/1 1,916 0,080 2,709 0,956
1974/1 2,446 0,329 3,106 2,363
1975/1 3,635 0,560 3,253 2,665
1976/1 0,940 0,702 3,464 2,486
1977/1 0,983 0,740 4,296 1,229
1978/1 1,136 0,391 3,976 1,153
1979/1 1,093 0,378 4,496 1,445
1980/1 0,881 0,316 4,042 1,524
Critical levels: 10% 5% 1%
F(4,72) 2,03 2,50 3,60
Table 8
Import equations for Germany before and after 1974/1-1974/11
InM =a+ kinM_| + b.(In(F.Z(1)) — k.In(F_,.Z(t-1))) + c.(1-k).In(PM/PF) + d.(DCU - k.DCU_))

Germany a b c d k SER R? DW
1965/1-1974/1 —-2,740 0,823 -0,678 0,937 0,328 2,0 99.4 1,97

(0,794) (0,066) (0,155) (0,137) (0,148)
1974/11-1984/1V -2,308 1,201 —0,463 0,155 0,650 1.7 98,3 2,26
(0,732) (0,082) (0,187) 0,172) (0,096)

For general notes. see Table 2.
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Table 9

Import equations for France with breakpoints at 1969/11-1969/I11 and 1973/IV-1974/1

InM =a + kinM_; + b.(In(F.Z(t)) - k.In(F_,.Z(t—1))) + c.(I-k).In(PM/PF) + d.(DCU - k.DCU_))

France a b c d k SER R2 DW
1965/1-1969/11 -1,525 1,730 -0,600 1,619 0,873 1,7 98,9 1,59
(1,178) (0,127) (1,529) (0,961) (0,096)
1969/111-1973/1V -0,477 1,073 —2,348 —3,735 0,790 1,6 99,1 2,58
(0,878) (0,325) (1,539) (1,761) (0,095)
1965/1-1973/1V —6,636 1,051 -0,373 3,202 0,171 2,2 99,5 2,00
(1,427) (0,057) (0,149) (0,699) (0,161)
1974/1-1984/1V - 1,757 1,303 —0,663 0,617 0,774 1,5 99,3 1,78
(0,930) (0,143) . (0,387) (0,261) (0,094) .
For general notes, see Table 2.
Table 10
Import equations for the United Kingdom before and after 1979/I-1979/11
InM =a+ kinM_, + b.(In(F.Z(t)) — k.In(F_,.Z(t—1)) + c.(1-k).In(PM/PF) + d.(DCU — k.DCU_)
United Kingdom a b c d k SER R? DW
1965/1-1979/1 —4,145 0,996 —0,021 0,219 0,133 3,0 97,8 1,90
(0,744) (0,029) (0,056) (0,110) (0,138)
1979/11-1984/1V -11,204 1,615 0,783 0,124 0,164 3,0 90,2 1,70
(3,798) (0,290) (0,413) (0,475) (0,208)

For general notes, see Table 2.
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Table 11

Import equations for the United States before and after 1974/1-1974/11

InM =a + kinM_; + b.(In(F.Z(1)) - k.n(F_.Z(1))) + c.(1-k).In(PM/PF) + d.(DCU — k.DCU_))

United States a b ¢ d k SER R? DW
1965/1-1974/1 -11,747 1,439 -0,353 0,110 —0,216 4,0 97,6 2,03
(1,781) (0,040) (0,108) (0,172) 0,175)
1974/11-1984/1V - 6,492 1,498 -0,417 0,637 0,382 2,9 98,2 2,10
(1,477) (0,061) (0,090) (0,139) (0,135)

For general notes. see Table 2.

the case for the United Kingdom. From the preliminary
evidence it is clear that an allowance has to be made for
United Kingdom oil production other than the mere division
of the sample period into sub-periods. This point will be
treated in the next section.

The last country for which the results of the Chow tests are
analysed is the United States. This was the only country for
which all coefficients were in the expected intervals and
significant in Table 6. The maximum value of the F-Statistic
(3,078) which is found after detailed inspection of the Chow
test results is for a break at 1974/1-1974/I1 and is only
significant at 5%. As may be seen from Table 11 where
the two corresponding estimations are presented, this is
probably due to the fact that the estimates for the volume
elasticity and the substitution elasticity remain relatively
stable between the two periods, while the quasi-elasticity on
the degree of capacity utilization strongly increases and
becomes significant. A similar phenomenon appears for the
Koyck parameter k which becomes significantly positive
after having been (insignificantly) negative for the pre-1974
era. From Graph 10 it was already clear that there was little
correlation between the detrended import volume share and
the degree of capacity utilization before 1974, so the esti-
mation for the second sub-period presents a welcome im-
provement in this respect.

3.3.2. Forward and backward recursive regressions

As a second and third test for the stability over time of
the estimated coefficients forward and backward recursive
regressions have been performed. The method consists of
starting with an estimation for the first (last) 20 observations
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and then adding each time one observation until the end
(beginning) of the sample period is reached. In this way it
may be detected whether additional observations change the
coefficients abrubtly. If so, this might be an indication of a
break, at least if the change is persistent (otherwise it could
be a sign of lack of robustness). Given the difficulties in
interpretation due to the fact that the degrees of freedom
corresponding to the different individual regressions are not
equal, and due to the fact that it is difficult to distinguish
breaks from signs of lack of robustness, the recursive re-
gressions have mainly been used to verify the conclusions
drawn on the basis of the moving Chow tests. The resulting
values for the final demand elasticity, substitution elasticity
and quasi-elasticity on the degree of capacity utilization are
presented in Graphs 12 to 14 for the forward regressions
and Graphs 15 to 17 for the backward regressions.®

For Germany the forward recursive regressions show a clear
jump in the first quarters of 1974 for all three elasticities.
The backward regressions show that the split made in 1974/
I-11 in Table 11 is justified: the coefficient values for the
second equation there are found to be robust from the
backward regressions (note that the estimates themselves
appear in Graphs 15 to 17 at observation 1974/1I). The
evidence to draw from the forward and backward recursive
regressions is therefore in accordance with the two-period
split of Table 11 before and after the first oil shock.

For France, the two breakpoints 1969/II-I11 and 1973/1V-
1974/1 appear clearly from the backward recursive re-
gressions for the final demand elasticity, while the second
breakpoint is also visible in the forward regressions. The
same observations may be made for the elasticity of substi-
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tution, although the estimates corresponding to the sub-
periods 1965/1-1973/IV and 1974/1-1984/IV seem less robust.
A possible cause for this lack of robustness could be the
large trough in the relative prices as shown in Graph 3. Also
for the quasi-elasticity on the degree of capacity utilization,
it may be asked whether the proposed split is a robust one,
particularly taking account of the sudden decrease in the
level of the quasi-elasticity for the backward regressions
between 1975/I11 and 1975/11. Further estimations around
these breakpoints without a fixed Koyck parameter showed
however that the estimation result for this quasi-elastiticy is
robust and there is thus no reason to alter the split of the
sample period proposed in Table 9.

The forward and backward regressions for the United
Kingdom also confirm the conclusions drawn on the basis
of the ‘moving’ Chow tests: for none of the three coefficients
is it-possible to discern stable sub-periods. In this respect it
should be remarked that the seemingly stable level of e.g.
the final demand elasticity after 1975 in the forward recursive
regression of Graph 12 conceais that, as the sample period
extends, the influence of individual observations on the
estimated coefficients decreases, such that their effects are
in a sense ‘damped’ and will only appear as small ripples in
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the graph. These regression results therefore confirm our
previous conclusion that, as long as energy is included in
the import aggregate, it is virtually impossible to obtain a
stable, robust total import equation with acceptable and
significant coefficients for the explanatory variables.

For the United States, the Chow tests imply that before and
after 1974/I-11 it was mainly the quasi-elasticity on the
degree of capacity utilization and the Koyck parameter that
changed. Since the Koyck parameter was kept constant
throughout the forward and backward recursive regressions,
this result will be difficult to reproduce in its entirety. Never-
theless the graphs confirm the proposed split, although the
changes in the values of the coefficients generally are smaller
than for the three European countries.

3.3.3. Preferred equations including energy/oil

The choice for stable sub-periods, made on the basis of the
‘moving’ Chow tests, was confirmed by the forward and
backward recursive regressions. For the purposes of the
Quest model, such as forecasting and policy analysis, esti-
mations are needed that are stable over the most recent
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period. These results have been gathered from Tables 6, 8,
9 and 11 in Table 12. Graphs of the corresponding actual
and fitted values are provided in Graphs 18 to 21. Note that
for the United Kingdom the complete sample period has
been maintained, although it was clear from the stability
tests that this period can hardly be called ‘stable’. From the
point of view of fit the equations are acceptable, except
again for the United Kingdom.

There is also the question of the differences in fit between
Tables 2 and 3 after the inclusion of the integration variable
Z(t). Therefore it was tested whether exclusion of Z(t) in the
estimations of Table 12 improved the estimated standard
errors considerably. The largest improvement occurred for
France, where the estimated standard errors improved from
1,5% to 1,3%, provided the equation excluding Z(t) was
estimated in first differences (in levels the Koyck parameter
tended to 1). It may therefore be concluded that the inclusion
of Z(t) has no serious effects on the fit of the equations.

Concerning autocorrelation, it is well-know that the Durbin-
Watson statistic is biased in the direction of rejecting the
hypothesis of autocorrelation if the lagged dependent vari-
able is included,” so the seemingly acceptable DWs do not
allow for a final judgement. The significance of the coef-
ficients is generally acceptable, except for the quasi-elasticity
on the degree of capacity utilization for Germany and the
substitution elasticity for the United Kingdom (the one for

France is significant at 10%). In the next section it is shown
how these characteristics change if energy/oil is excluded
from the total import aggregate.

3.4. Excluding energy/oil from the equations

From the results above it is clear that the assumption of
separability between bilateral imports and domestic inputs in
the final demand production function is not always justified,
notably for the United Kingdom. In this section this problem
is solved by separating total imports into energy/oil imports
and other imports. Before presenting the estimation results,
it is first discussed whether this solution is in accordance
with the assumptions concerning separability.

3.4.1. Separating energy/oil : consequences for separability
assumptions

Two solutions seem possible to deal with the violation of
the separability assumptions due to the inclusion of energy/
oil in the total import equations. One would be to drop the
assumption of separability completely, and to derive the
demand for bilateral imports simultaneously with the de-
mand for domestic production factors such as labour and
capital. Total imports would then simply result as the sum

Table 12

Preferred ‘stable’ total import equations including energy/oil

InM =a+ kinM_, + b(ln(F.Z(t)) - k.In(F_,.Z(t—1))) + c.(I-k).In(PM/PF) + d.(DCU - k.DCU_)

a b c d k SER R? DW

FR of Germany -2,308 1,201 —0,463 0,155 0,650 1,7 98,3 2,26
1974/11-1984/1V (0,732) (0,082) (0,187) 0,172) (0,096)

France -1,757 1,303 —0,663 0,617 0,774 1,5 99,3 1,78
1974/1-1984/1V (0.930) (0,143) (0,387) (0,261) (0,094)

United Kingdom - 3,856 1,050 —-0.040 0,449 0,325 33 98,0 1,89
1965/1-1984/1V (0,690) (0,027) (0.064) (0.118) (0,112)

United States —6,492 1,498 -0.417 0,637 0,382 29 98,2 2,10
1974/11-1984/1V (1,477) (0,061) (0.090) (0,139) (0,135)

For genceral notes, see Table 2.
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of bilateral imports. This approach would however still be
based on variables in which the energy sector would be
mixed with the rest of the economy. Therefore, apart from
the econometric complications caused by this approach be-
cause of the simultaneous determination of the demand for
domestic production factors and bilateral imports, it might
be more fruitful anyway to separate the energy sector out.
One could, for instance, change the separability assump-
tions: instead of separability between the determination of
domestic inputs and imports, one could subdivide total
imports into energy/oil imports and a residual category.
Without necessarily having to assume separability between
domestic inputs and energy/oil imports, separability could
be assumed between non-energy/oil imports and the other
inputs in the production function. Even though the avail-
ability of bilateral trade flows relating to total merchandise
trade only would make it impossible to pursue this line of
thought consistently throughout the bilateral trade flow
model, it would be a first step towards the disentangling
of a problem that otherwise would continue to produce
unrealistic model results. For the bilateral trade flows, it
would be possible for instance, to replace the import volume
by the volumes of only energy/oil imports or only non-
energy/oil imports when it is clear that the supplying country
produces for the most part only goods belonging to one of
these categories. A bilateral trade flow equation concerning
a flow originating in the OPEC zone, for instance, would
have energy/oil imports as volume variable, whereas this
would be non-energy/oil imports for a flow originating e.g.
in Japan. For countries which export both in non-negligible
amounts, one could think of a variable weighting of the two

import concepts, or of simply taking total imports. Although
these consequences for the bilateral trade flow model have
not been implemented for the estimation and simulation of
the model in the next chapter, it nevertheless seems useful,
as a first step, to make already the distinction between
energy/oil and non-energy/oil for total imports. In doing so,
attention has been focused on the effects for the total
import equations if energy/oil is excluded, leaving aside the
determination of energy/oil imports for the moment.®

3.4.2. Estimation results

Before presenting estimation results excluding energy/oil
imports, it should be mentioned that the data used for
energy/oil imports differ in definition between countries (cf.
Box 2). For the United Kingdom and the United States the
Standard International Trade Classification (SITC) cate-
gory 33 (crude petroleum and petroleum products) has been
used, for France the SITC-3 classification (total energy),
and for Germany the category ‘mining products’, which is
more extensive than energy alone. In Table 13, in which
value and volume shares of these energy/oil concepts in total
imports for 1970-84 are presented, the numbers are therefore
only comparable for the United Kingdom and the United
States, and for value shares only due to differences in base
years. As could be expected, the strongest reduction in
foreign energy dependency (in volume terms) has been
achieved by the United Kingdom, but the other countries
have also, for various reasons, been able to cut drastically
their oil import volume.

Table 13

Value and volume shares of oil/energy in total imports of goods, 1970-84

(%)

197071 1974/1 198071 1984/1V

FR of Germany Value 9,7 17,5 18,6 15,8
Volume 16,0 13,5 11,5 7.5

France Value 12,3 19,6 25,7 24,0
Volume 12,8 9,5 8,0 5.5

United Kingdom Value 7,9 17,5 12,4 12,3
Volume 26,9 25,1 13,1 9,3

United States Value 7.8 21,3 33,6 17,9
Volume 7,6 9,2 9,7 4,6

Note: Definitions differ by country. Germany: mining products. France: SITC 3, United Kingdom: SITC 33, United States: SITC 33. The ratios between values and volumes vary between

countries because constant price calculations are made using different base years,
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Table 14 presents the estimation results if energy/oil is ex-
cluded. The specification has been kept the same as for the
total import equation, whose estimation results are also
presented for comparison. For each country, except the
United Kingdom, results are given for two samples: the
largest possible sample given the data availability, and the
sample of the preferred equations from Table 12. Starting
from that table, four problems remained to be solved: the
insignificant quasi-elasticity on the degree of capacity utiliza-
tion for Germany, the significance of the elasticity of substi-

tution and the goodness of fit for the United Kingdom, and
possibly the significance of the elasticity of substitution for
France. Table 14 shows that the exclusion of energy/oil
indeed increases and renders significant the substitution
elasticities of Table 12 for France and the United Kingdom.
The quasi-elasticity on the degree of capacity for Germany
and the estimated standard errors for the United Kingdom
are not improved however. Moreover, for the post-1973
period in Germany, the elasticity of substitution now also
becomes insignificant. Apparently, for Germany, the best

Table 14

Estimation results for the total import equation including and excluding energy/oil

InM =a + kinM_, + b.(in(F.Z(1)) - k.In(F_,.Z(t-1))) + c.(I-k).In(PM/PF) + d(DCU — k.DCU_)

a b c d k SER R? DW
FR of Germany T - 1,706 1,161 —-0,032 0,324 0,732 2,2 99,6 2,27
1965/1-1984/1V (0,525) (0,032) (0,126) (0,140) (0,080)
N - 1,955 1,272 -0,014 0,274 0,737 2,6 99,5 2,26
(0,614) (0,068) (0,239) 0,162) (0,077)
1974/11-1984/1V T! -2,308 1,201 —0,463 0,155 0,650 1,7 98,3 2,27
(0,732) (0,082) (0,187) 0,172) (0,096)
N —2,848 1,246 -0,506 0,162 0,601 2,0 98,1 2,23
(0,983) (0,077) (0,325) 0,187) (0,116)
France T - 1,599 1,383 —-0,506 0,442 0,808 1.9 99,9 1,78
1965/1-1984/1V (0,538) (0,040) (0,313) 0,272) (0,063)
N -2,554 1,268 - 0,662 0,721 0,672 2,0 99,9 1,87
(0,487) (0,053) (0,154) (0,235) (0,057)
1974/1-1984/1V T! - 1,757 1,303 —0,663 0,617 0,774 LS 99,3 1,78
(0,930) (0,143) (0,387) (0,261) (0,094)
N -2,740 1,133 -0,807 1,100 0,607 1,5 99,4 1,98
(0,880) (0,131) (0,193) (0,260) (0,085)
United Kingdom T —4.889 1,107 -0,039 0,596 0,262 33 94,7 1,92
1970/11-1984/1V (1,003) (0,047) (0,059) (0,123) (0,134)
N —13,348 1,579 -0,269 0,390 0,337 34 97,6 1,94
(2.558) (0,061) (0,075) (0,147) (0,126)
United States T! — 8,088 1,549 -0,294 0,383 0,252 39 98,4 2,06
1967/11-1984/1V (1,316) (0,041) (0,047) 0,127) (0,120)
N —8.580 1,589 —-0,803 0,425 0,240 4,1 98,3 2,15
(1,408) (0,038) (0,086) (0,131) (0,123)
1974/11-1984/1V T! - 6,492 1,498 -0417 0,637 0,382 29 98,2 2,10
(1.477) (0,061) (0.090) (0,139) (0,135)
N - 7,066 1,630 -0.795 0,553 0,399 3,1 98,3 2,26
(1.670) (0,079) (0.184) (0,163) (0,138)

T = total imports of goods, incl. encrgy/oil.
N = 1014l imports of goods. excl. energy/oil.
! Preferred equation from Table 12.

For general notes. see Tables 2 and 13.
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remedy against the instability of the total import equation
is the reduction of the sample period, and not the exclusion
of energy/oil, although the fact that for Germany this vari-
able is defined as ‘mining products’ may bias the results.
This conclusion is confirmed if the sample period is reduced
somewhat more to 1975/1V-1984/1V. The elasticity of substi-
tution and the quasi-elasticity on the degree of capacity
utilization then become both significant at 10% for the total
import equations, while for the non-energy/oil equation the
elasticity of substitution becomes insignificant.?

For the other countries, the exclusion of energy/oil generally
has beneficiary effects on the size and the significance of
the coefficients, notably the elasticity of substitution. For
France, the latter now becomes highly significant for both
sample periods and increases in both cases by 15% in absol-
ute value to 0,66 and 0,81, respectively. For the United
Kingdom the exclusion of energy/oil not only increases the

elasticity of substitution to a significant value of 0,27, but
also the volume elasticity b, as might be expected on the
basis of Table 1. The exclusion of energy/oil also has a
strong effect on the elasticity of substitution for the United
States, whose value for both periods now becomes equal to
0,8.

One can therefore conclude that, with the exception of
Germany, the exclusion of energy/oil from the total import
concept has had a positive effect on the estimation results,
and in particular on the value and significance of the elas-
ticities of substitution. Further research will have to reveal
whether the fact that energy/oil was defined for Germany as
‘mining products’ is to blame for the as yet non-satisfactory
effects of the exclusion of energy/oil on the estimation re-
sults. On the basis of the work carried out so far, the
estimation results for the total import equation over the
period 1975/1V-1984/IV seem to be preferable for this
country.!0 '
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Box 3: Data for the bilateral trade flow model

Coverage

International merchandise trade flows may in general be dis-
tinguished by three characteristics: by type of goods (e.g. agricul-
tural goods, oil, raw materials, manufactures), by the origin of
the flow (the exporting country or zone) and by the destination
of the flow (the importing country or zone). When expressed in
monetary units, the flows may furthermore be valued as cif (i.e.
including cost, insurance and freight), fob (free on board) or fas
(free alongside ship). The last type of valuation is not very
common. With the exception of some countries (e.g. the United
States) imports are usually valued cif, and exports are usually
valued fob. In theory one would therefore expect that the value
of a trade flow as declared by an importing country would
exceed the value of the same flow as declared by the exporter
with the amount of money needed to cover cost, insurance and
freight. In practice this is not the case, however, and it matters
therefore whether bilateral export or import data are used.!

In constructing a linkage model, several choices have to be
made, out of the possibilities described above, as regards the
coverage of world trade. A first, natural, choice concerns the
periodicity of the data. With the country models being based
on quarterly data it is a logical and almost unavoidable step
that the trade linkage data should also be quarterly. Secondly
there is the number and type of countries and zones that will be
distinguished separately as trade partners. The QUEST model
covers almost completely the individual OECD countries, with
additional zones for the OPEC, European CPEs, NICs and the
rest of the world. This choice is consistent with the coverage and
definitions used for other, related, purposes at the Directorate-
General for Economic and Financial Affairs. Thirdly there is
the choice of the type of goods. In a final stage, it is planned to
cover more than one category of goods (e.g. SITC Categories
0-1, 2+4, 3 and 5-9), but initially the trade flow model will treat
all goods as one, homogeneous group. From several points of
view this is not a very satisfactory approach, but it was imposed
by data availability and limited resources. As is clear from
Chapter 3, notably the inclusion of energy in the trade aggregate
may be a source of problems. Finally one has to choose between
(fob) bilateral export data or (cif) bilateral import data. The
choice made here was governed by the nature of the linkage
model: in its proposed set-up, the trade flow system is a separate
model with import volumes and export prices as exogenous
inputs, and export volumes and import prices as main endogen-
ous outputs (see section 4.2). With import prices defined as
weighted averages of export prices (with shares in total imports
as weights), one can therefore say that the trade flow model
predicts export volumes and import shares. Since the level of
exports has to be explained, it was chosen to use bilateral export
(fob) data for the bilateral trade flows, making the implicit
assumption that the fob import shares are close to import shares
based on cif data. Whether this assumption is justified becomes
clear if the cif import price is estimated as a function of the
import price based on the fob import shares. On the other hand,
there should be a conversion fiom cif to fob for the import
volume, since it is the fob import volume which is allocated
between bilateral (fob) exports.

Data sources

The data for the bilateral trade flow estimations have been
derived from sources other than those for the estimations of
the total import functions.2 When the macroeconomic country
models are linked to the trade flow system, some additional
bridge equations (quasi-identities) are therefore required. The
main reason for deriving the trade flow data from other sources
was to have a consistent and complete data set right from the
start of the QUEST project, which could not be guaranteed
otherwise. This data base consists of the following quarterly,
seasonally adjusted, variables for each of the 25 countries/zones
from Box 1:

cif imports in current US dollars (MV));

cif import unit value indices, average 1980=100 (PMj);
fob exports in current US dollars (XV,);

export unit value indices, average 1980 =100 (PX);

in addition there are:

605 bilateral trade flows (fob exports) in current US dollars
between the 25 countries and zones (25 X 25 minus the intra-
trade of the 20 individual countries, which is zero) (XVij=XXij)

From these basic data it is possible to construct imports and
exports in constant prices (Mj, X,), quasi-fob imports (MZVj=
ZiXVij), quasi-fob import prices (PMZJ-) and the competitors’
price indices (PXC)).

The basic data set was mainly constructed using data from the
International Monetary Fund (IMF) and the United Nations
(UN). As far as data were not interpolated from annual data
they were seasonally adjusted using the Dainties method of
the Statistical Office of the European Communities. For total
imports and exports in value and their unit values, the main
source is the International Financial Statistics (IFS) tape of the
IMF. The data for the CPE zone are mostly interpolated annual
data (except for the CPE countries which are IMF members)
from the Yearbook of International Trade Statistics or the
Monthly Bulletin of Statistics of the UN. For the current values,
the data for the rest of the world zone were obtained as a
residual with respect to the world total from the same UN
sources. The corresponding unit value indices are an aggregate
from IFS zone indices.

The main source for the bilateral export data is the Direction
of Trade (DOT) tape of the IMF. The trade flows within and
between the OPEC and CPE zones are interpolations from
annual data obtained from the abovementioned UN sources.
Bilateral exports with as destination the rest of the world zone
(column RW in Table 15) were calculated as a residual with
respect to total exports. Each bilateral flow originating in the
rest of the world zone (row RW in Table 15) has been calculated
such that the share of this flow in the total of other bilateral
exports with the same destination (the sum of the first 24
elements in each column of Table 15) was the same as the
corresponding share based on (cif) bilateral import data. It is
possible to calculate the latter share since for import data one
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may calculate the residual with respect to total cif imports in
the same way as for exports. Another solution would have been
to apply a fob/cif ratio to cif imports to obtain fob imports, and
then to calculate flows originating in the rest of the world zone
as a residual with respect to this total. Due to differences between
bilateral fob and cif data which may be large, this leads in
practice to some negative flows.3 The present solution, though
far from perfect, avoids this problem and concentrates the most
important statistical discrepancies in the intra trade of the rest
of the world zone, which consequently becomes negative. This
is not unrealistic, however, since it is well known that the ‘world
trade balance’ in practice is far from zero.4 The result of this

procedure is that the sum of all bilateral exports flowing into
one country or zone are only ‘quasi-fob’, and not necessarily
equal to cif imports multiplied by a fob/cif ratio.

As an illustration of the orders of magnitude, Table 15 gives the
1984 world trade matrix, based on fob export data and expressed
in millions of US dollars. Table 16 presents the same bilateral
trade flows, but now expressed as a percentage of the value of
1984 world exports. Table 17, finally, gives the changes in these
shares for 1984 compared to 1965, and therefore shows the
changes in the structure of world trade over a period of 20 years.

The following Tables 15, 16 and 17 belong to Box 3.
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Table 15

Bilateral export flows (fob) between 25 countries/zones, millions of US dollars, 1984

Importers
Exporters B/L DK D GR E F IRL 1 NL P UK us cA
B/L - 0.0 472.6 10 235,5 256,9 4512 9 551,1 194,2 2662,5 72188 176,7 51337 31389 2935
DK 271,1 0.0 2564.5 106,0 1423 708.6 883 623,5 531, 38,0 20530 1558,8 148,4
D 119999 35293 0.0 17434 30999 21 579,0 744,1 13 262,9 14 814,7 7741 14 261,3 16 421,1 1519,0
GR 84,7 334 9455 0.0 29,0 405.8 11,4 660.5 162,8 14,6 2983 4040 28,2
E 598.2 153,1 2260,1 1399 0.0 3537.6 92,7 1 406,0 12403 560.4 21368 22522 2289
F 80148 7177 13 726.5 8073 30544 0,0 435,3 10170,8 44425 654,3 7389,0 75356 990.0
IRL 415.1 7341 977.5 414 116,8 807.4 0.0 3013 676,3 24,2 33227 9379 162,6
1 21254 5554 11 8240 1.260.4 11541 10 291,2 194,6 0,0 2107,5 361,0 49437 7 946,9 804,0
NL 90948 967.4 19 567.3 5953 6382 6 857.2 315.1 3 660,6 00 299.5 6238,2 33147 339.1
P 1718 834 709.4 16,0 2293 647.6 259 2212 306.9 0.0 796,6 4528 444
UK 4072.2 1 5907 98740 469.3 1756,2 913948 4 525,5 38152 81827 515,1 0.0 137024 1573.0
us 5301 605.2 90839 456.0 25613 6036,7 13547 43748 75544 960,6 12 209.6 0,0 46 524,2
CA 543.1 76,2 977.0 384 74,8 5759 76.7 4503 826,5 492 1941.2 66 300,1 0,0
JA 1 3468 933.2 6 608.2 790,5 6425 19331 2415 1030,7 18118 1539 4664.8 60 429,i 42864
AU 163.2 322 7186 28,6 104,1 519.8 28 4381 404,2 233 889,2 26458 2624
AT 2863 165.8 4676,2 91,5 236.8 609.3 31,8 1 480,5 389,5 377 688,4 6474 1264
F1 199.2 550.2 1 296.0 753 98.8 533.2 75.7 285.8 4781 28,5 1613,2 1091.6 1134
NO 1703 669.1 31260 38.7 64,8 6380 29.4 2927 1377.0 773 68929 968.8 108.1
SE 1 087.3 24380 34039 110.9 335.2 14750 184,7 10514 13136 91.3 30043 33415 3837
SwW 626.9 3113 50547 160.9 506,5 21400 73.2 19008 686,0 158.6 2070,7 25421 2358
RO 266.3 493 14775 1339 81.3 3475 151 6173 249.6 57,2 908,1 1 326,0 109.3
op 2134, 479.8 8 763.1 16243 63114 108149 266 12129, 56456 13269 29734 246429 16418
cP 20394 7416 101050 720,2 8132 34729 130.2 55358 26449 89.4 21452 21468 2074
NI 1 888,1 627.5 7 440.1 697.1 1168,4 32188 236,5 39488 51858 3574 59158 48 550.5 32734
RW 29620 659.0 77239 3583 38013 85574 2853 55118 42201 6826 6381.6 44 519.8 4 682,0
World 558620 165145 143 138)) 10 760.4 274719 1046524 93934 758324 724714 75119 98 8714 316 817.1 68 085,3
Exporters A AU AT | NO SE swW RO oP CP NI RW World
B/L 429.8 159.9 4357 2172 3540 nLe 1.396.5 256.6 19113 938.1 1673,0 3621,7 518910
DK 453.6 1103 1300 312.2 1019.1 1811.2 297.2 136.5 755.8 295.5 507.9 13031 15 966.4
D 24320 12919 8 565.5 1 669.6 19224 45613 91120 1519.9 98437 9 349,2 99139 12254,1 176 189.9
GR 56,1 278 47.8 16.9 4.1 30.8 40,0 55.4 5710 286,7 101.0 4954 4811,2
E 369.1 95.6 106.3 83.7 9.7 2109 4133 332,6 2150.1 583,1 677,1 38333 23 560,7
F 1028.9 4348 694.8 376,2 1.0 1227.6 36321 3416 90782 29830 34484 15661,3 97 565.9
IRL 164.8 116.4 52,6 495 87.0 147.2 108,2 23,0 3577 48.6 149,1 481.1 9641,5
] 840.8 636.1 1 656,4 3459 355.6 761.5 29808 758,5 8616,6 24872 3556,7 6743.8 73 3140
NL 3818 2870 574.2 3ns 538.1 11654 10375 389.9 25669 8446 1664,2 3968,2 65677.0
P 478 20.7 52.8 723 86.3 184.1 1253 45,6 131.4 83.1 101,3 523.5 5179,1
UK 1239.2 1578,0 4272 904.8 1295.2 38573 2085.0 1009.3 6722,2 17409 54177 80243 93772.0
us 23 5749 47925 3149 349.8 859.4 15421 2562,5 20079 143854 41877 29033,1 371976 2178899
CA 43939 504,1 36,7 90.8 253.0 133.0 190,8 285,1 1 530.8 1855, 2310,6 67716 90 290,9
JA 0.0 5173.2 421.8 503.6 496,1 1 008.2 1 0875 14922 15838,9 3 000,8 30 905.9 248936 1696999
AU 61500 0.0 10.7 15.5 9.2 378 424 1 448.8 1602,1 8400 37667 3618.1 237735
AT 164.2 63.4 0.0 1303 139.6 2978 10874 130.9 1 004.6 1910,2 695.1 648,2 157393
"Fl 172,7 139.9 9.0 0.0 612,7 1 653.3 167.6 55.6 4212 28014 366.4 5426 134715
NO 267.3 4.5 81.6 2737 0.0 1 868,3 130,7 749 136.9 163,2 596.3 824,6 18 915,1
SE * 4228 3379 338.6 1 687.3 27038 0.0 4820 2010 1 494,0 750,1 11499 1 590.9 29379.1
sw 850.1 2299 1 006.5 203.3 210,2 5149 0.0 230,2 1827.8 762,0 19201 16259 258490
RO 881.8 839,1 133.3 228 158 53.8 397.5 6,7 29324 4226 495,5 1 5603 13 396.1
oP 378310 14774 842,1 195.2 94,7 3243 8477 36187 55380 30680 223140 243554 1790201
CcP 1636.6 874 21596 29728 4527 13725 869.9 910.7 6 693,0 91 647,0 45234 31 347.7  175465.1
NI 144142 2676,6 687.6 2513 7050 911.3 22456 7171 10 036.6 82354 18 166.9 51731.8 193287.1
RW 20079.2 12213 4994 3298 342,6 7399 987.5 681,1 118723 19 045.8 38622,7 —575656 1272010
World 118 282.3 22 3456 19 435.1 11 446.2 133774 251320 323270 167297 1180186 1583294 1820766 186 058.1 1910937,0
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Table 16

Shares of bilateral export flows (fob) in the value of 1984 world exports ( x 10 000)

Importers

Exporters BIL DK D GR E F IRL I NL P UK us CA
B/L 0.0 2.5 53.6 1,3 24 50,0 1.0 139 378 09 26,9 16,4 1,5
DK 14 0.0 13.4 0,6 0.7 37 0.5 33 28 0,2 10,7 8.2 08
D 62.8 18,5 0.0 9.1 16,2 1129 39 69,4 715 4, 74,6 859 79
GR 0.4 0.2 49 0.0 0.2 2,1 0,1 35 09 0.1 1,6 2,1 0.1
E 31 08 1.8 0.7 0,0 18,5 0.5 7.4 6.5 29 11,2 11,8 1,2
F 41.9 38 7.8 4,2 16,0 0.0 23 53,2 23.2 34 38,7 394 52
IRL 2.2 04 5.1 0,2 0.6 4,2 0.0 1,6 3,5 0.1 17,4 49 09
1 1.1 29 619 6.6 6,0 53.9 1.0 0.0 11,0 1.9 25,9 41,6 42
NL 476 5.1 1024 KN 33 359 1.6 19.2 0.0 1.6 32,6 17,3 1,8
P 0.9 04 37 0.1 1.2 34 0.1 1,2 1.6 0,0 42 24 0.2
UK 213 8.3 s1.7 25 9.2 492 23,7 20,0 428 2,7 0.0 .7 82
us 277 3.2 475 24 134 31,6 71 229 39,5 50 63,9 0,0 243,5
CA 28 0.4 5.1 02 0.4 3,0 0.4 24 . 43 03 10,2 347,0 0,0
JA 7.0 49 34,6 4,1 34 10,1 1.3 54 9.5 08 244 316,2 22,4
AU 0.9 0.2 38 0.1 0.5 27 0,0 23 2,1 0.1 47 13,8 1.4
AT 1.5 0.9 245 0.5 12 32 0,2 7.7 20 0,2 3.6 34 0.7
Fi 1.0 2.9 6.8 04 0.5 28 0.4 1.5 2,5 0.1 8.4 57 0,6
NO 0.9 35 16.4 0.2 03 33 0.2 1.5 7.2 0.4 36,1 5.1 0,6
SE 5.7 128 17.8 0.6 1.8 1.7 1,0 55 6.9 0.5 15.7 12,5 20
sw 33 1.6 26,5 08 27 1.2 04 9.9 3.6 0.8 108 133 1,2
RO 1.4 0.3 1.7 0.7 0.4 1.8 0,1 3.2 1.3 0.3 48 6.9 0,6
op 11.2 25 459 8.5 330 56.6 0.1 63.5 29,5 6.9 15,6 1290 8,6
Ccp 10.7 39 529 3.8 43 18,2 0.7 29,0 13.8 0.5 11,2 11,2 1,1
Ni 99 33 389 3.6 6,1 16.8 1,2 20,7 27,1 19 31,0 254,1 17,1
RW 15.5 34 404 1.9 199 448 1.5 288 22,1 3.6 334 233,0 24,5
World 2923 86.4 749.0 56.3 143.8 547.6 49,2 396.8 379,2 393 5174 1657,9 3563
Exporters JA AU AT FI NO SE swW RO op cP NI RW World
B/L 2.2 0.8 23 Ll 1.9 3.7 73 13 10,0 49 88 19,0 2715
DK 24 0.6 0.7 1.6 5.3 9.5 1.6 0.7 40 1,5 27 68 83.6
D 12,7 6.8 448 8.7 10,1 239 477 8.0 SLS 489 519 64,1 922,0
GR 03 0.1 03 0.1 0.0 0.2 0.2 03 30 1.5 0.5 2,6 25,2
E 1.9 0.5 0.6 04 0.5 1.1 2.2 1.7 1.3 3.1 3,5 20,1 1233
F 54 23 3.6 2,0 38 64 190 1.8 475 15.6 18.0 82,0 510,6
IRL 09 0.6 0.3 03 0.5 08 0.6 0.1 1.9 0.3 0.8 25 50.5
i 44 33 8.7 1.8 19 40 156 40 45,1 13,0 18,6 353 383,7
NL 20 1.5 30 1.9 28 6.1 54 20 134 44 8,7 20,8 3437
P 0.3 0.1 0.3 04 0.5 1.0 0.7 0.2 0.7 04 0.5 2,7 27,1
UK 6.5 8.3 22 47 6.8 20,2 109 53 35.2 91 284 42,0 490,7
us 1234 25.1 20 1.8 45 8.1 134 10,5 753 219 151,9 194,7 1140,2
CA 230 2.6 0.2 0.5 13 0.7 1.0 1.5 8.0 9.7 12,1 35.5 472,5
JA 0.0 27,1 22 26 26 5.3 5.7 78 82,9 15,7 1617 1303 888,0
AU 2.2 0.0 0.1 0.1 0.0 0.2 0.2 1.6 84 44 19.7 18,9 1244 .
AT 0.9 0.3 0.0 0.7 0.7 1.6 5.7 0.7 5.3 100 36 34 824
Fl 0.9 0.7 0.5 0.0 2 8.7 09 0.3 2.2 14.7 19 28 70,5
NO 14 0.2 04 14 0.0 9.8 0.7 0.4 0.7 09 34 43 99.0
SE 22 1.8 1.8 8.8 14,1 0.0 2,5 11 7.8 39 6.0 83 1537
SwW 44 1.2 5.3 N i1 27 0.0 1.2 9.6 40 100 8,5 1353
RO 4.6 44 0.7 0.1 0.1 0.3 2.1 0.0 153 22 26 82 70,1
oP 198.0 7.7 44 1.0 0.5 1.7 44 189 29,0 16.1 116,8 127,5 936,8
cP 8.6 0.5 1.3 15.6 24 1.2 4.6 48 350 479.6 237 164,0 9182
Ni 754 14,0 6 13 37 48 1.8 3.8 52,5 43 95.1 270,7 10115
RW 105.1 64 26 1.7 1.8 39 5.2 36 62.1 99.7 2021 -301,2 665.6
World 619.0 1169 101.7 59.9 70.0 1315 169.2 875 617.6 828.5 952.8 973.6 10 0000
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Table 17

Absolute changes in the shares of bilateral export flows (fob) in the value of world exports, 1965-84 ( x 10 000)

Importers

Exporters BL DK D GR E F IRL 1 NL P UK us ca
B/L © 00 -22 -208 -13 -1.5 0.1 ~-02 23 -315 -08 104 -12,0 -2,0
DK -0.1 0.0 -6.6 0.1 -08 0.4 00 -12 -0,1 -02 -174 -1.8 -03
D -11.4 —-126 0.0 -06 -62 89 0.5 9.3 -208 -42 371 9,3 -23
GR 03 0.1 1.0 0.0 0.0 1.2 0,0 2,6 0,3 -00 0,2 04 0,1
E 1.7 0.2 4.7 0.6 0.0 13,1 0.3 5,5 40 19 43 57 0,7
F - 10,1 -14 -317 -09 -19 00 0.9 14,1 -16 -06 139 7.7 0,2
IRL 1.9 0.3 33 0.2 0.3 34 0,0 13 2,5 0.1 -6, 36 0,5
[ -4 ~13 -194 -05 -35 143 04 00 -7 -07 79 8,6 04
NL -3 -5 2.7 14 -19 71 0.3 34 0,0 0,2 30 44 -12
P 0.2 -0.2 1.2 -0, 0.4 20 0.1 0.3 0.8 0.0 -13 -09 -03
UK -49 -106 9.0 -22 -53 20.3 -40 1.6 12,5 -34 0,0 -6, ~228
us -10 -80 -40.5 -68 -128 -203 34 -248 -18,6 0,9 -237 0,0 -584
CA -35 -0 -44 -02 -13 -14 -04 -23 -21 -0,0 —-483 978 00
JA 44 2.5 23.1 1.6 1.8 7.5 08 2,6 32 0,6 13.5 181,7 11,0
AU -22 -00 - 16 -06 -0.0 -4, -0, -33 0.0 -00 -233 -36 -038
AT 0.4 -05 0.1 -0.5 0.5 13 0.1 -4 -1.2 -0.2 0.3 -02 0,0
Fi -5 -00 -1.8 -03 -03 -06 -03 -08 -20 00 -69 11 04
NO -06 -20 58 -0.5 -06 0.9 ~-00 -07 46 0,1 224 -18 0,1
SE -1.7 -63 -128 -1.0 -19 -26 02 ~1.0 -4,1 -0,7 -124 47 -0,5
SW —-L6 -3 -1.0 -0.5 -18 -19 0.2 -28 =21 -09 -04 -23 -1l
RO -5 -0.7 12 0.3 -0.0 -18 -0.1 -00 -03 —04 -247 -5 ~02
oP 0.1 -09 58 7.2 232 -37 -05 19.6 -49 5.1 -549 43,2 ~85
cp 48 -1.6 5.5 -2 09 5.2 -0.1 7,1 64 -0, -188 39 -1,0
NI -5 -09 5.2 0.8 -02 44 -14 -93 43 0.8 -24,5 165,0 103
RW ~-134 -0.6 -351 ~-1.2 6.2 -217 -22 -7.7 -80 -63 -71.2 29.2 -16,4
World -545 -49.7 -102,1 -6.2 —6.5 259 -2l 14,3 -71.8 -838 -227.0 5326 -923
Exporters JA AU AT Fi NO SE sw RO oP Cp Ni RW World
B/L 0.4 -0.3 0.1 -09 -1 -3 -03 0,2 a1 -0, 0,5 -40 —-69,5
DK 1.7 0.2 -05 -09 -1.8 ~57 -6 -0, 22 -34 -03 -17 —40,2
D 27 ~22 ~59 -6.9 -85 -263 ~144 0.2 208 1.6 46 -382 —653
GR -0. 0.1 -00 -00 -00 -00 00 0.3 26 -25 -04 1,7 727
E 1.2 0.2 03 0.1 -02 0.1 0.9 1.6 10,1 17 2,1 129 734
F 28 -04 -1 -1.6 -1l ~32 -11.8 -00 86 -04 1.6 -143 ~-322
IRL 0.8 0.5 0.2 0.2 0.4 0.6 0.4 0.} 1.6 00 0.6 0.7 17,5
1 2.5 0.7 -0.2 -0 -0.2 ~34 ~52 0.9 269 -46 -4 -7 -04
NL 0.2 -0.7 -08 -09 - 1.8 ~50 A 0.3 45 -1.2 -7 -79 2,7
P 0.0 ~0.1 -0, 0.2 0.2 -0, 0.1 0.0 0.4 0.1 -0, ~70 -40
UK -4 -340 -32 -6.2 -64 -135 -33 ~-173 -0.7 -8 -49.3 -86.6  —2459
us 12.2 -174 -1 -22 ~24 -99 -63 -85 1.2 14,5 n7  -1032  -3283
CA 73 -44 -03 02 -28 -08 -0.5 -1.0 29 -54 20 -9.2 218
JA 0.0 10,0 19 17 - 1.6 2,0 24 3,7 53.8 44 80,0 24,7 4373
AU 58 0.0 -0, 0.0 -03 -03 -0, -3 6.0 -21 77 ~96 -359
AT 0.6 -0.1 0.0 -00 -00 -1.2 -07 0,1 33 -30 -03 -02 -30
FI 08 -0.1 0.3 0.0 23 33 04 -00 L6 -10 -02 -0.2 -56
NO 09 -0.3 -00 -00 00 -2, -02 -0.2 ~-06 -25 0.6 -10 220
SE ° 09 -1l -0.2 -18 -10.7 0.0 -8 -0, 5.0 -43 -07 -3 —58,1
swW 14 -1 -4 -08 -038 -26 0.0 0,1 53 -0.5 -05 -3 -21,6
RO 16 19 0.4 -03 -0, -0,7 1.3 0.0 148 -2.5 0.2 1.5 =152
op 1459 -47 44 0.8 -25 ~-27 3.1 16,7 24,1 10,0 90.8 53,0 369.8
cp -4.6 -1.0 , 00 1.0 -09 -1 04 09 164  -1830 -12 136  —1488
NI 394 104 1.3 -03 13 -18 74 1,2 420 3.6 50,9 102,2 410,6
RW 294 -69 -1.2 -13 -27 -9.5 -33 -29 26,6 -345 97,5 ~2196  -288.7
World 2523 -51.0 -7 -20,1 -418 -87.6 ~35.2 -13 2834 -9 2914 -3060 0.0
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4. The bilateral trade flow model

The total import equations which were discussed in the
previous chapter represented the first step of the two-stage
approach that was derived in Chapter 2. The discussion of
the bilateral trade flow model starts, in section 4.1, with the
estimation of the bilateral import equations, which consti-
tute the second step of this two-stage approach. For the
estimations, the results for each bilateral trade flow are not
analysed individually due to limits in space and time. Instead
greater attention is paid to the trade flows between the four
countries for which total import equations were estimated
in the previous chapter. For the other flows, the long-term
bilateral relative price elasticities are presented only. After
having discussed the structure of the trade linkage model in
section 4.2, section 4.3 presents the results of simulations
which give an idea of the explanatory power of the model
within and post-sample, and of the aggregate export price
elasticities that are implicit in the bilateral trade flows. The
data used are discussed in Box 3.

4.1. Estimation

In Chapter 2 the following estimating equation was derived
for the bilateral trade flow fromii to j:

lnX =a; + lnMZ + ¢ In(X; /MZ)_l
b =g )ln(PX/PMZ) L (26)

with X.. bilateral (fob) exports from i toj in constant prices
(value fllow deflated by total export price PX,), MZ quasi-
fob 1mports in constant prices (MZJ— ZXJ) PMZ the
quasi-fob import price of j and DCU; the degree of capacxty
utilization of i. This equation is essentlal]y an import volume
share equation, since the elasticity of bilateral exports with
respect to quasi-fob import volume is equal to one.> Conse-
quently one could move the latter term to the left-hand side
of the equation to result in the logarithm of an import
volume share X; /MZ The coefTicient b;; is the relative prlce
elasticity. S 18 the lioyck parameter whlle dJ is a quasi-
elasticity with respect to the degree of capacity utilization
whose sign is expected to be negative.

In the following subsections, some general comments are
given first concerning the estimation strategy and the esti-
mates for equation(26). Then the estimation results for the
trade flows between Germany. France, the United Kingdom
and the United States are presented in detail.

4.1.1. General comments

The estimation strategy for each bilateral trade flow equa-
tion was the following. Firstly, the initial sample period

was determined at 1974/I-1984/1V, since stability tests on
aggregate export functions derived from a specification for
the bilateral trade flows comparable to equation (26) reveal-
ed a significant break in the allocation structure of world
trade after the first oil shock for a large percentage of the
25 countries/zones.® These statistical results are. illustrated
by Table 18, which gives the development of the volume
shares of the 25 countries/zones in world trade volume over
the period 1965-84. The table shows clearly that the changes
in the OPEC share of world exports are one of the major
factors behind the structural change in the composition of
world trade. But even if the OPEC trade is excluded from
total world exports, structural changes have taken place,
e.g. the more than proportional increase of the exports of
Greece, Spain, Ireland, Portugal, Japan, rest of OECD zone
(Turkey, Iceland, New Zealand) and the NICs. Moreover it
is also clear that the 1974-84 period is itself not always stable
and that structural changes within this period also have
occurred.

Nevertheless, the starting point was to estimate equa-
tion(26), excluding the degree of capacity utilization vari-
able, for all bilateral trade flows over the complete period
1974/1-1984/IV. Often these estimations produced results
which were not satisfactory: relative price elasticities b;; not
with the expected sign, being not significantly different from
zero or seeming too large in absolute value; Koyck par-
ameters C;; outside the (0,1) interval; high estimated standard
errors; signs of negative or positive autocorrelation. There
was a high correlation between the occurrence of such anom-
alies and the absolute value of the trade flow. This is quite
normal since small flows usually are extremely erratic and
subject to statistical errors and therefore actually hardly fit
for econometric estimation. A second cause for the unsatis-
factory results was the occurrence of structural shifts within
the 1974-84 period.

In both cases it was tried to improve the equations through
the introduction of dummies, trends or a correction for
autocorrelation. In making these improvements, emphasis
was placed on the most recent past, say the 1980-84 period.
For instance, if the years 1974-75 were the cause of unsatis-
factory results, the sample period was simply shortened to
1976/1-1984/1V such that the 1980s were at least described
in a satisfactory way. Examples of these modifications are
given below for the trade flows between the four countries.
Structural shifts and trends were usually identified through
a comparison of the plot for the import volume share X,/
MZJ with the inverted relative price PMZ. /PX The resultmg
long-run bilateral relative price elastlcmes are presented in
Table 19. In section 4.3 the corresponding aggregate export
price elasticities are calculated by simulation, i.e. the ‘aver-
ages’ corresponding to each row (exporter). As can already
be seen from a comparison between Table 16 and Table 19,
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Table 18

Volume shares in world exports, 1965-84

(%)

1965 1970 1974 1980 1984
BLEU 2,821 2,986 3,203 3,218 3,314
Denmark 0,925 0,837 0,827 0,845 0,941
FR of Germany 8,469 9,458 10,107 9,888 10,903
Greece 0,111 0,139 0,189 0,256 0,285
Spain 0,343 0,552 0,712 1,031 1,338
France 4,233 4,557 5,205 5,774 5,849
Ireland 0,272 0,301 0,303 0,418 0,551
Italy 3,110 3,433 3,464 3,866 4,214
The Netherlands 2,925 3,320 3,772 3,680 3,728
Portugal 0,265 0,218 0,193 0,231 0,315
United Kingdom 6,852 5,808 5,592 5,482 5,499
EUR 12 30,325 31,609 33,566 34,689 36,936
United States 10,337 9,035 9,944 10,988 8,858
Canada 3,232 3,490 3,241 3,371 4,284
Japan 3,183 4,112 5,107 6,492 8,119
Australia 1,198 1,228 0,989 1,096 1,242
Austria 0,638 0,691 0,741 0,870 0,978
Finland 0,678 0,708 0,632 0,704 0,746
Norway 0,775 0,817 0,834 0,923 1,023
Sweden 1,817 1,808 1,802 1,538 1,801
Switzerland 1,580 1,554 1,487 1,475 1,524
Rest of OECD 0,573 0,499 0,412 0,460 0,767
OECD 54,336 55,550 58,754 62,606 66,278
OPEC 23,620 23,738 21,790 14,739 9,046
CPEs 6,453 6,496 7,008 7,789 8,379
NICs 4,121 4,255 5,096 7,813 9,798
Rest of world 11,471 9,962 7,353 7,053 6,499
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there is a correlation between the absolute value of the
relative price elasticities and the size of the flow. Although
Table 19 indicates numerous elasticities larger than 1 in
absolute value, the aggregate export price elasticities exceed
the value of 1 significantly in only a few cases and vary
mostly in the range —0,6 to —1,1.

4.1.2. Trade between the four countries (D, F, UK, US)

Graphs 22 to 33 give the bilateral trade flow share in the
quasi-fob import volume (X/MZ, with i exporter and j
importer) and the inverted rejlative price (PMZj/PXi). Ac-
cording to the theory of Chapter 2, there should be a positive
correlation between those two variables. Since the plots have
been scaled to display the same variation for each of the
two curves, the absolute value of the vertical difference
between them is not of importance, since it goes into the
constant. What matters, however, is the change in the verti-
cal distance: this represents autonomous movements in the
import volume share accounted for by changes in relative
prices. Such jumps in the vertical distance may therefore be
a sign of a structural break in the trade allocation system.
Unless sufficient empirical explanations for these shifts are
available, the only way to represent them adequately is
through the use of dummy variables. Consequently, this is
the approach that has been adopted for these estimations.
This may be considered as a first empirical solution to the
problems raised if energy/oil is included in the trade flow.
Subsequently, refinements could be achieved through the
separation of total imports in energy/oil imports and the
residual as proposed in Chapter 3.

Table 20 gives the standard estimations for the 12 trade
flows between the four countries Germany, France, the
United Kingdom and the United States. Almost all of the
anomalies mentioned above show up: positive relative price
elasticities for the flows from France to Germany, the UK
to Germany and the UK to France, a very high elasticity
(in absolute value) for the flow from Germany to the UK,
a Koyck parameter exceeding 1 for the UK to France and
signs of autocorrelation for at least the trade flow from the
UK to Germany and vice versa.

In addition Table 21 presents estimates of the same equa-
tions, but with the degree of capacity utilization included
(as in equation (26)). Theoretically the sign of the degree of
capacity utilization would be expected to be negative, since
domestic slack in the exporting country would lead to en-
hanced export efforts. The sign is negative in only 6 out of
12 cases, and never significant. Also the positive coefficients
are not significantly different from zero. From this evidence
the introduction of disequilibrium effects, at least in its
present form, makes no significant contribution to the expla-
nation of bilateral trade flows.

Close inspection of Graphs 22 to 33 reveals that in none of
the 12 cases do the estimated relationships of Table 20 seem
to be stable over the period 1974/1-1984/1V. Drawing on
these graphs dummies have been introduced in the equations
and sometimes the sample period modified in order to obtain
significant relative price coefficients b;; and Koyck par-
ameters c;; in their a priori expected intervals. Table 22
shows the results after the inclusion of dummies and a
possible change of sample period.” Comparison of the
dummy periods and sample periods of Table 22 with Graphs
22 to 33 should explain the choices made, hence they are
not discussed in detail.

As stated above, a change in the vertical distance between
the curves for the import volume share and the relative price
has been taken as indicating the need for an autonomous
change in the relationship between import volume shares
and relative prices. The introduction of dummies and modifi-
cation of the sample periods improves the results of Table
20 considerably. The relative price coefficients and Koyck
parameters are now all significant (usually at 1%) and have
values in their expected intervals.

As far as can be judged from the Durbin-Watson statistics
there is hardly any autocorrelation. The estimated standard
errors, varying between 2,8% and 8,2%, may seem high
at first sight. It should however be remembered that the
equations mainly relate to variables which are extremely
volatile, very often due to causes lying outside the theoretical
model. Usually, the smaller the trade flow becomes, the
higher is the unexplained component. This is an unavoidable
reality working with bilateral trade flows. One consolation
is that errors tend to cancel each other out in calculating
the actual outputs of the linkage model, total exports and
import prices. This is clear from the simulations presented
in section 4.3.

In Table 23 the degree of capacity utilization according to
equation (26) is added to the specifications of Table 22. As
concluded from Table 21, the addition of this variable does
not produce significant negative coefficients at 5%, so its
exclusion from the bilateral trade flow model seems necess-
ary. Unless it proves possible to introduce a concept such
as an exporter’s degree of capacity utilization relative to the
average of its competitors, exclusion seems to be the only
viable conclusion.

The long-run relative price elasticities in Table 22 vary be-
tween —0,3 and — 1,7 while the mean lag of the Koyck
distribution on the relative prices (=cij/(l —c¢;) varies be-
tween 0,3 and 1,4 quarters, indicating a fast aéjustment of
import volume shares to relative price changes. Although

the Koyck parameters of Table 20 are perhaps not entirely
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Table 19
Long-run bilateral relative price elasticities

Importer j
Exporter 1 B/L DK D GR E F IRL 1 NL P UK us CA
B/L - 000 -21t -052 -084 -093 -050 -134 -087 -035 -027 -046 -—-192 -1,51
DK -1,26 000 -1,13 -134 -130 -095 -130 -108 -1,11 000 -058 -162 -—1,17
D -1,03 -1,15 000 -063 -115 -121 -126 -0,79 -0,76 -046 -071 -172 -—0,66
GR -1,10 -238 -0,55 0,00 -027 -0,70 -—-2,77 -0,28 -1,04 000 -029 -059 -113
E -138 -102 -093 -048 000 -106 -254 -08 -143 -029 -—1,01 0,00 -091
F -073 -~-166 -031 -145 -—-1,13 000 -1,30 -102 -074 -087 -107 -087 -—1,13
IRL -07t -296 -0,78 -236 ~-143 -1,68 0,00 -237 -216 -257 -048 -—-1,58 -213
I -1,51 -288 -052 -1,5% -023 -142 -1,71 0,00 -065 -094 -194 -123 —-149
NL -057 -100 -083 -15% -126 -061 -—-128 —1,12 0,00 -220 -—-124 -100 -—1,65
P -142 -033 -051 -123 -1,72 -224 -064 -1,07 -048 0,00 -122 -087 -—0,27
UK -0,75 -052 -098 -064 -072 -126 -—-004 -08 -066 -0,73 0,00 -163 -0,87
uUs -08 -151 -098 -187 -116 ~144 -—181 ~-095 ~1,17 -126 -—1.24 0,00 —1,01
CA -0,78 -214 -072 -185 -007 -092 -1,73 -220 -—-145 -295 -0,14 -0,51 0,00
JA -197 -284 -268 -049 -124 -115 -234 -—-166 -043 -—-215 -143 —-1,65 -1,07
AU -0,13 0,00 0.00 0,00 -0,73 0,00 000 -066 -109 -165 -032 -092 0,00
AT -1,32 -021 -082 -064 -174 -1,18 -149 ~-1,10 -083 -049 -037 -1,10 -0,83
FI -198 -097 -166 -051 -036 -274 -1,19 -063 —-195 000 -078 -—-1,16 -—228
NO -147 -104 -2,17 =273 000 -066 -107 -180 -1,15 -215 -057 -202 -090
SE -5 -078 -121 -039 -057 -053 -09 -130 -L17 -033 -073 -118 -04!
Sw -006 -053 -09 -1,58 -023 -039 -126 -0,76 -032 -024 -1,01 -071 ~-0,60
RO -1,74 -235 -095 -160 ~115 -1,23 000 -179 -073 -194 -131 -118 -0,24
opP -1.14 -054 -04 -220 -170 -047 -106 -1,18 -124 -009 -193 -265 -—-119
Cp -280 -093 -1,14 -080 -093 -1,38 000 -088 -221 -180 -161 -221 -0,52
NI -218 =215 -129 -184 -039 -242 -006 -—-107 -1,54 0,00 -—-064 —-203 -288
RW -08 -102 -100 -199 -18 -08 -18 -166 -082 -232 -1,79 -095 -093
Exporter 1 JA AU AT Fl NO SE SW RO oP cp NI RW
B/L -104 -020 -041 -070 -040 -009 -1,12 -0,60 000 '-0,04 -—1,33 -208
DK -,70 -133 -138 -08 -105 -083 -142 -05% -135 -—-082 -162 -1,67
D -1,5% -032 -081 -134 -107 -061 ~-141 -065 -124 -077 -029 -0.88
GR -29 -1,25 -098 -0,69 000 -1,79 -169 -145 —-122 -0,5 0,00 -—1,08
E -129 -043 -035 -005 -0,78 -126 -0,59 -1,36 -061 -0,59 0,00 -—1,53
F -1,16 -208 -004 -113 -001 -145 -05 -026 -0,70 -057 -064 -0,81
IRL -0,71 -098 -288 -168 -093 -074 -231 -266 -—-155 -—-034 -—-138 —-276
| -128 -198 -08 -175 -041 -1,77 -204 -160 -072 -114 -059 -131
NL -052 -045 -133 -108 -266 -020 -08 -020 -109 -221 -087 -0,06
P -058 -055 -158 -243 -109 -025 -151 -—-145 -122 -—149 0,00 -2,06
UK -066 -122 -231 -106 -027 -170 -152 -174 -109 -093 -238 -172
us -105 -133 -067 -154 -058 -064 -126 -—-166 -—-158 -—-322 -091 -—-1LI3
CA -056 -063 -126 -273 -044 -—-124 -073 -046 -—-1,22 -143 -134 -1,00
JA 000 -194 -302 -060 -041 -059 -120 -1.17 -120 -0,59 -0,53 -—1,55
AU -1,52 000 -046 -—-064 -055 -—-0,19 000 -102 -070 -106 —-125 ~145
AT -182 -0.58 000 -038 -033 -—-067 -1,2 -0,17 -064 -062 —-0,09 -105
'F1 -201 -033 -0,30 000 -143 -049 -143 -031 -037 -023 -1,24 -1,62
NO -238 -033 -163 -14] 000 -1,14 -114 -035 -274 -062 -0,70 -2729
SE -095 -0t -035 -084 -049 0,00 000 -104 -101 -0.18 -0.59 -055
SwW -054 -055 -139 -149 -044 -—141 000 -092 -048 -—-190 -038 -0,79
RO -1,04 135 -149 -086 000 -1,02 -243 -—-181 -284 -15 -083 -1,02
OoP -0,13 -005 ~-172 -318 -304 -1,71 -094 -056 -073 -—-1,12 -0.88 —0,26
CcpP -249 -006 -057 =051 -0,76 000 —-104 -054 -147 -095 -055 -0.80
NI -098 -052 -136 -141 -073 000 -262 -075 -103 -062 -—-185 —-236
RW -127 -122 -112 -091 -178 -103 -08 -193 -124 -113 -17 0.00
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valid, it is interesting to note that the simple average of
Koyck parameters from Table 22 equals 0,40, compared to
a value of 0,67 in Table 20 (mean lags: 2/3 quarter and 2
quarters). This decrease in the value of the Koyck parameter
is a general phenomenon which occurred frequently if the
bilateral trade flow equations were modified in order to
remove the anomalies mentioned above. The concomitant
increase in the speed with which bilateral volume flows
adjust to relative price changes is contrary to what might
be expected in bilateral trade flow models. Generally it is
assumed that trade structures adjust only gradually to rela-

tive price movements. In the Compact model,8 for instance,
the Koyck parameter varies between 0,60 and 0,88. These
parameters being annual, they would, in a quarterly model,
correspond to values above 0,8, which is considerably hlgher
than the present parameters.

Several explanations may be advanced for this discrepancy.
It could be, for instance, that the introduction of dummies
or trends in fact replaces delayed price effects. Another
possible explanation is that the quarterly Koyck parameters,

Table 20

Standard estimations for the bilateral trade flows between Germany, France, the United Kingdom and the United States, excluding degree of

capacity utilization

In xij =g + In MZj + cij.ln(Xij/MZj)_l + bij.(l—cij).ln(PXi/PMZj)

i j a b; < 1984 share SER R? DW

F D - 1,290 0,072 0,418 9,6 3,2 91,3 1,68
(0,322) (0,102) (0,146)

UK D -0,335 1,076 .0,872 6,9 7,7 92,8 2,40
(0,278) (1,413) (0,105)

us D -1,329 - 0,940 0,513 6,3 7.9 64,2 1,95
(0,348) (0,286) (0,126)

D F -0,709 —0,905 0,547 20,6 2,9 97,4 2,09
(0,143) (0,090) (0,090)

UK F 0,043 21,811 1,016 9,0 7,2 91,8 2,33
(0,202) (96,214) (0,076)

us F - 1,247 - 1,068 0,564 5.8 6,4 85,9 2,16
(0,316) (0,248) (0,108)

D UK -0,393 -2,599 0,809 14,4 7,2 95,5 2,54
(0,141) (0,604) (0,065)

F UK - 0,660 —1,058 0,746 7.5 58 92,6 2,32
(0,208) (0,389) 0,079)

Us UK —0,488 - 1,659 0,769 12,3 7,5 89,0 2,38
(0,176) (0,593) (0,079)

D uUs - 1,313 —-0,706 0,552 52 9.4 87,2 2,13
(0,357) (0,247) 0,121)

F us —2,293 - 1,019 0,393 24 6,9 95,1 2,33
(0,406) (0,138) (0,107)

UK uUs —0.685 - 0,853 0,781 43 10,4 83,5 2,11
(0.323) (0,916) (0,102)

Sample period: 1974/1 to 1984/1V.

i = exporter, ) = importer.

1984 share = 1984 share of exports of i in value of quasi-fob imports of j.
For general notes, see Table 5.
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when correctly transformed in order to be comparable with
the annual parameters, usually do not correspond to the
annual Koyck parameters, even although they should be of
comparable size, theoretically speaking.? Evidence on this
last possibility is provided in Table 24, which is similar
to the standard estimations of Table 20 but estimated on
annualized data. Comparing the estimations for which b;; is
negative and c;; between 0 and 1 between these two tables,
it may be noticed that the relative price elasticities are in
comparable ranges given their standard errors, but that the
annual Koyck parameters of Table 24, although generally

somewhat lower than the quarterly parameters, are consist-
ently higher than the values obtained when the quarterly
parameters c are transformed with the formula (c/4).(1 —c%)/

(1-c).

The rather low values for the Koyck parameters and the
corresponding high speeds of adjustment to relative price
changes imply that during simulation the long-run effects
will be attained within a relatively short time period, say
one to two years. This is a feature to be taken into account
when analysing the simulations.

Table 21

Standard estimations for the bilateral trade flows between Germany, France, the United Kingdom and the United States, including degree of

capacity utilization

In Xij =a; + in MZJ- + cij.ln(X,-j/MZj)_l + bij.(l—cij).ln(PXi/PMZJ) + dij (DCy; - cij'DCUi,-I)

i j a, b, <, d, 1984 share SER R? DW

F D - 1,400 0,071 0,424 0,259 9,6 32 91,5 1,69
(1,104) (0,104) (0,307) (0,780)

UK D —0,446 1,212 0,854 0,570 6.9 7,6 92,9 2,44
(0,432) (1,154) (0,122) (0,616)

us D =1,205 —0,985 0,508 -0,347 6,3 1.9 63.5 1,95
(0,536) (0,304) (0,153) (0,523)

D F -0,717 -0,907 0,549 0,032 20,6 29 97,4 2,10
(0,200) (0,092) (0,094) (0,250)

UK F 0,064 14,499 1,025 -0,134 9.0 7.3 91,6 2,33
(0,084) (41,702) (0,034) (0,428)

Us F -1,231 -1,071 0,512 —0,424 5.8 6,3 86,0 2,13
(0,399) (0,226) 0.121) (0,353)

D UK -0,387 —-2,602 0.810 —-0,026 14,4 7,3 95,4 2,54
(0,326) (0,621) (0,095) 0,943)

F UK -0,518 - 1,062 0,755 —0,578 7.5 58 92,5 2,34
(2.286) (0,523) (0,522) (5,768)

us UK -0,521 - 1,656 0,767 0,163 12,3 1.5 88,8 2,39
(0,308) 0,637) (0,095) (0,626)

"D us - 1,462 -0,725 0,548 0,378 52 9,5 87,0 2,16
(0,770) (0,245) (0,151) (0.972)

F us —2,487 —-1,026 0,404 0,481 24 6,9 95,0 2,40
(0,834) (0,142) (0,119) (0,863)

UK us —0,686 —0.856 0,779 -0,022 4,3 10,5 83,1 2,
0,352) . (0,936) (0,105) (0,636)

For notes, see Table 20.

110



The bilateral trade flow model

Table 22

Estimation for bilateral trade flows between Germany, France, the United Kingdom and the United States, including dummies and excluding
the degree of capacity utilization .

In X; = In MZ; + a; + b In(PX,/PMZ)) + c;In(X;/MZ))_,
i j a, by < Dummy b/l -c;) SER R2 DW Dummies Sample
F D —1,465* —0,209** 0,326** —0,051* -0,310 29 31,4 1,71 79/11-84/1V 74/1-84/1V
UK D -2,214* —0,711*  0,275*** 0,277* -0,981 5,8 84,9 1,87 79/11-84/1V 77/1-84/IV
us D - 1,951 —-0,730* 0,255*** -0,101* —0,980 7,0 64,5 1,81 77/1-84/1V 74/1-84/1V
D F —-0,692* -—0,552*  0,543* —0,035* —1,208 28 92,5 2,13 79/11-84/1V 74/1-84/1V
UK F —1,228** —0,557*** 0,558* 0,156** —1,260 6,6 82,9 1,50 83/1-84/1V 77/1-84/IV
UsS F ~1,888* —0,944*  0,343**+ 0,094** —1.437 6,1 77,3 1,93 81/1-84/1V 77/1-84/1V
D UK  —1,528* -—0,512* 0,280** 0,151* -0,711 4,0 93,9 1,70 81/1V-84/1V 77/IV-84/1V
F UK -—1,611* —-0,661* 0,384* 0,083* -1,073 3,5 82,2 1,93 78/111-80/1 77/1-84/1V
Us UK -1487* -0,801* 0,356* 0,142+ —1,244 6,4 86,2 1,90 79/1-84/1V 74/1-84/1V
D us -1,141* -0,713*  0,585* —0,139* -1,718 5,0 78,9 2,14 80/11-84/1V 78/1-84/1V
F us -2,159* -0494* 0.430* 0,183+ -0,867 59 83,4 2,00 81/IV-82/1V 74/1-84/1V
UK US —-1,945* —-0948* 0,418* 0,264* -1,629 8,2 79,8 1,82 82/1V 74/1-84/1IV
0,148* 79/11-84/1V
Significance of coefficients: * = 1%, ** = 5%, *** = 10%.

For general notes. see Table 20.

Table 23

Estimations for bilateral trade flows between Germany, France, the United Kingdom and the United States, including dummies and the degree
of capacity utilization

In X;j = In MZ; + a; + b In(PX/PMZ)) + ¢;In(X;/MZ)_, + d;; (DCU;~¢;.DCU; _))
i j a8 b, <, d; Dummy b,/(—cy) SER R? Dw Dummies Sample
F D - 1,579** ~0.211** 0331*** 0229 -005i* -0,315 2,9 92,4 1,74 79/11-84/1V 74/1-84/1V
UK D -2,175* -0,854* 0,184 -0,503 0,307* -1,047 5,8 90,3 1,81 79/11-84/1V 77/1-84/1V
Us D - 1,874* —0,754* 0,249*** -0,155 —0,100* —1,004 7,0 68,6 1,81 77/1-84/1V 74/1-84/1V
D F =0,745* -0,567* 0,552* 0,199  —0,040** —1,266 2,8 97,6 2,22 79/11-84/1V 74/1-84/1V
UK F —1,252%** —0,538  0,566* 0,142 0,152*¢ ~—1,240 6.7 86,4 1,90 83/11-84/1V 77/1-84/1V
us F -2,022* -0972* 0,359** 0,349 0,122** -1.516 6.1 84,8 1,95 81/1-84/1V T7/1-84/1V
D UK = 1,487** -0,509* 0,282 —-0,059 0,149*  -0,709 4,1 96,1 1,68 81/IV-84/1V 77/IV-84/IV
F UK -1,093  —-0,599* 0386* -1,007 0,085* —0.976 3,6 93,7 2,00 78/111-80/1 77/1-84/1V
us UK - 1,810* -0767* 0,332* 0,482 0,154* —1,148 6.3 92,1 2,02 79/1-84/1V 74/1-84/1V
D us - 1,149** —-0,713* 0,585* 0,026 -—0,139** -1718 51 94,4 2,15 80/11-84/1V 78/1-84/1V
F uUs —2475* —0478* 0,449* 0.854 0,189* —0.868 5.8 96,5 2,15 81/1V-82/IV 74/1-84/1V
UK us - 1.825* -1,106* 0,329* —0788*** 0271* -—1.648 8,0 90,7 1,87 82/1V 74/1-84/1V
0.162* 79/11-84/1V

For general notes, sce Table 22.
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Table 24

Standard estimations for the bilateral trade flows between Germany, France, the United Kingdom and the United States, excluding degree of
capacity utilization, based on annual data

In X;; = a; + In MZ; + ¢ In(X/MZ))_, + b;.(1-c,)In(PX;/PMZ)

i ] 8, b, <, SER R? DW

F D -3,572 0,119 —-0,613 2,2 95,8 1,88
(0,957) (0,053) (0,433)

UK D —-1,478 2,149 0,425 9,1 90,5 3,00
(0,657) (0,660) (0,248)

us D -1,041 - 1,641 0,606 6,6 72,4 1,30
(0,751) (1,098) (0,268)

D F - 1,129 —0,926 0,278 2,9 97.5 2,56
(0,236) (0,122) (0,147)

UK F 0,600 3,903 1,207 5,7 95,0 1,76
(0,405) (2,060) 0,151)

uUs F - 1,368 — 1,646 0,503 4,2 93,6 1,53
(0,402) (0,477) (0,133)

D UK -0,552 -2,515 0,714 7,0 95,9 2,05
(0,279) (0,796) (0.125)

F UK —-0,853 —0,687 0,664 57 92,8 2,51
(0,422) (0,726) (0,157)

us UK -0,735 =2,271 0,631 7,1 90,3 1,55
(0,297) (0,894) (0,127)

D us —1,438 —-0,949 0,509 7.8 91,0 2,04
(0,601) (0,481) (0,205)

F us -3,122 —-0,999 0,172 5,6 96,9 2,13
(0,697) (0,182) (0,182)

UK us —1,182 —-0,201 0,616 14,2 68,0 1,30
(1,142) (2.025) (0,358)

Sample period: 1974-84, annual data.
For general notes, see Table 20.
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Box 4: Mathematical representation of the main relationships in
the trade linkage model

Schematically one may represent the structure of the trade
linkage model by the following set of equations.

A. Inputs from national models

(layM; = fF; PM/PF;, EX;, DCU))
(I)M; = f(X;, PM;/PX))
@) PX; = f(PXC,EX, ..)

B.1 Cif]fob conversion

(3) MV, =PM,M
@) MZV; =f(MV)
(5) MZ; = MZV,PMZ,

C.1 Import allocation

6) XXij = PXi.MZj.f(PXi/PMZj, time, dummies)
() XV = XX MZV/(Z, XX,)
@) X; = XVy/PX

C.2 Output from linkage model

O X, =IX;
(10) PXC, = Z Vi PW
wnh v XV #/Z XV, (export value share)
P{N ot XVl Ty Xi)
(welghted prices of competitors of exporter
i on market j)
(1) PMZ; = (&, XV)I(E; X;)

B.2 Fob/cif conversion

(12) PM; = f(PMZ)

DCU; . degree of capacity utilization

EX; : exchange rate, national currency per US dollar

E : final demand in constant prices

M. : cif imports in constant prices

MVj : cif imports in current prices

MZJ- : quasi-fob imports in constant prices

MZV; : quasi-fob imports in current prices (= I, XVy

PF; : final demand deflator

PM; : cif import unit value index

PMZJ» : quasi-fob import unit value index (=(ZiXVij)/
EXyn

PX, : export unit value index

PXC 1 competitors’ price index

X, : fob exports in constant prices

X : bilateral fob exports from i to j, after adding-up.

in constant prices (deflated by total export price)

XV; : bilateral fob exports from i to j, after adding-up,
in current prices
XXij : bilateral fob exports from i to j, before adding-

up, in current prices

: 25 countries/zones from Box 1 (in the sum-
mations h, i are exporters, j, k are importers). All
variables except F; and PF; are expressed in US
dollars; for the sake of brevity equations (1) and
(2) are assumed to be expressed in US dollars.
Furthermore, XVij = XXj in the data.

h,i,j, k

Part A gives the behavioural equations for the variables which
are an input into the linkage model, i.e. import volumes M. and
export prices PX,. Equation (1a) represents the import volume
equation for the macroeconomic country models, while (1b)
stands for the same equation in a trade-feedback model. In (la),
the volume effect comes from final demand F., while in (1b) this
effect is, due to limited data availability, restricted to the export
volume X;. A similar restriction applies to the relative price
variable, which compares the import prices PM. to the final
demand deflator PF; and the export unit value index PX,
respectively. For the macroeconomic country models the degree
of capacity utilization also acts as an explanatory variable.
Equation (2) gives the export unit value index as a function of
competitors’ prices PXC;, to which domestic price indicators
and other variables could be added. Given the two inputs from
the country models, the trade linkage model functions as an
independent, simultaneous system. The simultaneity comes from
the (quasi-fob and cif) import price indices PMZ; and PM;: if
these variables were known, the bilateral trade flow model was
completely recursive. The recursive part of the model is first
given, with the identities for PMZ; and PM; at the end, although
this is an arbitrary choice.

In part B.1, cif imports are first expressed in current prices
(MV)) through multiplication of the cif import price index PM;
by cif import in constant prices M;.

In order to impose the adding-up condition, which says that all
bilateral exports to one country should equal total imports of
that country,we have to transform the value of cif imports into
the value of quasi-fob imports MZV.. The latter variable is
defined in the data as the sum of bilateral exports to country j.
Since we use export (fob) data for the bilateral trade flows, this
variable is defined as fob. In principle it should be equal to the
value of cif imports corrected for cif/fob differences, but in
reality this is seldom the case due to all kinds of statistical
differences. The relatlonshlp between the two variables MZV
and MV, in equations (4) is therefore a purely empirical one
which can seldom be described in a satisfactory way through
application of a fob/cif ratio to cif imports MVJ- (cf. Box 5).

With total quasi-fob imports MZV being given, part C.1 deter-
mines first the bilateral trade ﬂows without respecting the add-
ing-up condition. This happens through equations (6), of which
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there are 605 (25 x 25 minus the intra-trade flows of the 20
individual countries, which are zero). As the specification shows,
this equation is framed in terms of i import volume shares (XX; i/
PX. )/MZ using the total export price index PX; as a bllaleral
export ﬂow deflator.!9 The specification in shares implies a
unitary elasticity of the volume of bilateral exports with respect
to the volume of imports, which is a sufficient condition to
warrant the validity of the two-stage approach.!! Because of
this unitary elasticity with respect to imports, the import volume
share is mainly a function of the export price PX; (which, as the
import volume, is an input into the bilateral trade flow model
coming from the country models) relative to a weighted average
of its competitors as represented by the quasi-fob import price
index PMZ.. Furthermore, structural shifts in import shares that
cannot be eéxplained by changes in relative prices are accounted
for through the use of time trends and/or dummies.

The next step is to rescale, in equations (7), the values of bilateral
exports such that they add up to total quasi-fob imports MZVJ-.
This is done by means of a simple proportional adjustment to
all bilateral flows.!? Having ensured the validity of the adding-
up condition, it is a mere formality to calculate total exports in
constant prices through identity (9). The bilateral trade flows in
constant prices needed for this calculation have first been ob-
tained in equation (8), using the total export price as deflator.

In this way. the volume of imports M; which entered the trade
linkage model as an input has been transformed, by means of
the bilateral trade flow equations, into the volume of exports
X;. There is thus an explicit transmission of imports to exports,
which is consistent because of the adding-up condition on total
imports; this condition ensures that the value and volume of
world imports and exports are equal, with the recognition that
the world trade balance is not equal to zero through negative
‘intra-trade’ of the rest of world zone (cf. Box 3).

While the volume transmission is from imports to exports, the
price transmission is from export prices into import prices,
while export prices themselves may also be influenced by the
competitors’ price index PXC;, which is calculated in equation
(10) as a double-weighted average of the competitors’ prices on
a country’s export markets, weighted by the shares of each
market in total exports and the shares of the competitors on
each market. The direct transmission of export prices takes place
via the quasi-fob import price PMZ, which is calculated in
equation (11) using the export prices indices PX; and the bilateral
trade flows XV;; and X;; ( XV, /PX ) in value and volume. This
equauon may EJx: mterpreted as a welghted average of export
prices since the bilateral trade flow value XV, i is the product of
a volume and a price:!3 the weights are then the volume shares
in total quasi-fob imports. An increase in an export price will
therefore lead to a change in the quaS| -fob import price PMZ,.
The latter variable is only a quasi-fob price index because we
use the weights for bilateral exports instead of imports. For
most countries the differences in these weights are not too
large, but for some countries they may be considerable due to
differences in statistical coverage.!4

The quasi-fob import price index PMZ. is the main determinant
of the (observed) cif import price index PM. which is the last
output from the model, after exports in constant prices and the
competitors’ index. The relationship between the two import
price indices depends on the extent to which the quasi-fob index
is a good proxy for the cif index. Analysis of the data showed
that the correlation between the two is generally high although
examples for ‘overseas’ countries such as the United States and
Japan show that there may be a time lag involved before export
prices are translated into import prices.!® For these and other
reasons which hamper a direct conversion from one price into
the other, their relationship is (as for the value conversion)
chosen to be determined empirically (cf. Box 5).
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4.2. Structure of the trade linkage system

Before turning to the simulations in the next section, this
section describes the structure of the trade linkage system,
and notably the interactions between the country models
and the bilateral trade flow model.

Figure 1 presents a flow-chart of the trade linkages in the
QUEST model. Its mathematical equivalent is presented in
Box 4. The flow-chart consists of three parts: A, B and C.
Part A represents a typical macroeconomic country model.
Straight lines indicate causal relationships that are of direct
importance for the trade linkage, while the dotted lines
represent the feedback to and from the rest of the model.
The central variable (from the point of view of trade linkage)
is the import volume, which is a function of final demand,
capacity utilization and the import price relative to the final
demand deflator. Together with the export price, the import
volume feeds into the linkage model. The export price is
determined as a function of domestic costs and competitors’
prices, where the latter are an output of the linkage model,
together with the import price and the export volume.

In Part A, all the variables are supposed to be measured
in national currency. The linkage model treats variables
measured in US dollars. Therefore there has to be an inter-
face which converts the trade variables from national cur-
rency into US dollars and vice versa. This interface is rep-
resented by Part B, which also covers the cif-fob conversion
(cf. Box 4). Bilateral trade flows in the linkage model are
taken from bilateral export data, so fob imports have to be
allocated between bilateral exports. This implies a conver-

sion of import volume from cif into fob. In practice this-

happens through conversion of the value, with the volume
calculated as the ratio between the value and the import
price index, which, as an output from the linkage model, is
a weighted average of (fob) export prices, using shares in
fob imports as weights. The import price index has to be
converted from fob to cif in order to feed back to the rest
of the model. The specifications and estimation results for
the cif/fob conversion equations are presented in Box 5.

After conversion into dollars, all countries’ export prices
and import volumes are inputs into the linkage model,
represented in Part C. The fob import volume is next allo-
cated over trade partners as a function of relative export
prices. For the estimates this relative export price is defined
for each bilateral trade flow as the ratio between the export
price PX; of the exporter and the fob import price index
PMZJ- of the importer, but since the latter is a weighted
average of the export prices, one might as well say that the
fob import allocation is a function of the export prices of

all countries supplying the importing country. This explains
the dotted line from the fob import price to the allocation
system. Next to relative prices, the allocation of fob imports
between exporting countries may also be determined by
structural shifts that cannot be explained by price move-
ments. Here one may think of the effects of two (three)
consecutive oil shocks plus the subsequent exploitation of
North Sea oil, the accession of new countries into the Com-
munity, the strengthening or loosening of political ties be-
tween countries and so forth. All these influences are more
or less exogenous and have in general been captured through
the introduction of time trends or dummies. Furthermore
the allocation takes place subject to a so-called adding-up
constraint, i.e. it is ensured that all bilateral exports flowing
to one importing country add up to given fob imports.!®
After this consistent allocation has taken place, the variables
which feed back into the country models have to be calcu-
lated, i.e. export volumes, import prices and an index of
competitors’ prices: The export volumes of one country are
calculated by simply adding up the bilateral trade flows
originating in that country. Whether this happens in value
or volume is indifferent since the bilateral exports are de-
flated by the total export price, bilateral prices being unavail-
able. The fob import price is calculated through division of
the fob value of imports by the sum of the volumes of the
bilateral exports flowing into the importing country. This is
tantamount to weighting export prices by shares in fob
import volume.!” Using the export price indices and the
bilateral trade flows again, finally a double weighted index
of competitors’ prices may be calculated as a by-product,
which could feed into the export price equation. Having
calculated these three outputs of the linkage model (export
volume, import price and competitors’ price index), they
enter through the conversion interface of Part B as inputs
into the country model as depicted in Part A.

It is clear from this description, that what are exogenous
inputs for a country model (export volumes, import prices,
competitors’ price index) are endogenous variables in the
linkage model and vice versa. Together these models there-
fore form a completely simultaneous system, although each
type of model may be simulated independently with the
outputs of the other as exogenous inputs. For linkage models
it is the usual practice to assume in such an exercise that
import volume and export price are given (exogenous), al-
though it is clear from Figure 1 that both are directly
influenced by the endogenous variables from the linkage
model, namely the import price and competitors price index,
while the export volume also feeds back through final de-
mand. Because of all other direct or indirect effects in the
country model. a line has to be drawn somewhere. In a
linkage model this line is usually drawn between Part A and
Part B of Figure I: in that way no domestic variables other
than the trade variables in US dollars are needed, which
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Figure 1: Structure of the trade linkage
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facilitates the maintenance and simulation of the linkage
model. Another advantage of this approach is that it allows
a ‘consistency exercise’ to be run. In such a Consistency
Exercise the mutual consistency of independent forecasts for
the volumes and prices of exports and imports are checked.
Apart from statistical discrepancies there should be mutual
consistency, since exports necessarily are (the sum of bilat-
eral, fob) imports, and since import prices necessarily are
(weighted) export prices. By taking the import volumes and
export prices as exogenous inputs and simulating the linkage
model, it can be checked whether the resulting export vol-
umes and import prices (after allowing for cif-fob differ-
ences) are the same as those from the original forecasts and,
if necessary, adjustments made to the latter (or the former,
if the model is not believed).

A final remark concerns the trade-feedback models, whose
structure is much simpler than that of the detailed country
models, although essentially trying to capture the same
phenomena. The differences between Part A in Figure 1|
for a macroeconomic country model and a trade-feedback
model are that for the latter, the arrow from export volume
goes directly into import volume since there is no final
demand variable, while the (dotted) arrow from the export
price does not feed into the final demand deflator (which is
also absent), but also directly in the import volume equation.
In this way the inputs from the linkage model continue to
influence the outputs of the trade-feedback model, which
are then used as inputs for the linkage model and so on,
without having to use other domestic variables for the trade-
feedback models.!8
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Box 5: Cif/fob conversions

Two cif/fob conversions are needed to transfer variables from
the country models to the bilateral trade flow model and vice
versa: from fob to cif for import prices, and from cif to fob for
import values. As discussed in Box 4, these conversions are not
‘pure’ in the sense that one could apply cif/fob ratios directly,
but they rather have to be determined empirically. The specifi-
cations are presented first, followed by a brief discussion of the
estimation results.

Specifications

For the equations which define the cif import price PM; as a
function of the quasi-fob import price PMZ, the following
general specification is adopted (suppressing the country in-
dex j):

InPM = a + k,.b(L).Aln PMZ + k,.b(L).In PMZ _, (1)
+ (1-ky)In PM _,

This equation is of the error correction type.'? The most impor-
tant parameters are those of the distributed lag function b(L),
the sum of which represents the long-run elasticity of the cif
index with respect to the quasi-fob index. Normally its value
would be expected to be in the neighbourhood of 1. For station-
arity, the value of the ‘derivative control’ parameter k, should
be between 0 and 2, although an oscillating pattern may be
avoided by constraining it to between 0 and 1. In principle
values of the ‘proportional control’ parameter k; outside the
(0,1) interval are also allowed, their only implication is an initial
overshooting (k; > 1) or undershooting (k, < 0) of the target
value instead of a gradual adjustment. Special forms of this
equation are the partial adjustment model (k, = k,) or the
simple loglinear equation (k, = k, = 1). Finally correction of
first and second-order autocorrelation has also been allowed
for.20

If the quasi-fob import variable MZV. were a true fob variable,
the passage from cif to fob would simpI’y consist of multiplication
of the cif variable MVJ- by a fob/cif ratio, and of treating this
ratio as exogenous or a change in trends. For reasons sketched
above this is not the case, however, and almost all attempts at
such a type of quasi-identity failed to succeed. Therefore the
same empirical approach as for the import price was adopted,
with exactly the same error correction type specification:

In MZV = a + k;.b(L).Aln MV + k,.b(L).In MV _| @
+ (1-k,).In MZV _,

Since all the comments following equation (1) also hold for this
equation, they need not to be repeated.

Estimation results

Final estimation results for the quasi-identities (1) and (2) are
given in Tables 25 and 26, respectively. As argued above, there
were no particular reasons to favour one dynamic specification
above the other, so starting from a general specification we have
let the data determine the best result in terms of goodness of fit,
significance of coefTicients and expected coefficient ranges. In
both tables the results are least satisfactory for Greece and
Portugal, followed to a lesser extent by Spain, the rest of OECD
zone (Turkey, Iceland, New Zealand) and the OPEC zone, with
estimated standard errors above 4% for each estimation. This
should be ascribed to the extreme vanability of the data corre-
sponding to these countries/zones relative to those of the other
trade blocks. But for most other countries the results are quite
acceptable in terms of the criteria cited above. The expected
value | for the elasticity b is better respected in Table 26 than in
Table 25. In the former table, the elasticity range is 0,88 — 1, 08,
while in the latter table this range is exceeded in six cases.
When the error correction specification (ECM) is adopted, the
‘proportional control’ parameter k, exceeds the value of | in
several cases. As was noted above, this implies an initial over-
shooting of the target value. In two cases the sum of the autocor-
relation parameters equals approximately one, pointing towards
a loglinear model in first differences.

Tables 25 and 26 (see pages 119 and 120) belong to Box S.
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4.3. Simulations

The estimations of section 4.1 provided long-run bilateral
relative price elasticities which all have the correct sign,
usually are significant and fall into the a priori expected
ranges. The speed of adjustment of the bilateral trade flows
with respect to changes in relative prices, however, was high
compared to expectations. In this section these properties
of the bilateral trade flow model are further clarified and
analysed with the help of the bilateral trade flow model as
described in the previous section. First historical simulations
within sample are presented, followed by simulations to
calculate aggregate export price elasticities. Finally an out-
of-sample simulation for 1985 is discussed.

4.3.1. Historical simulations within sample (1980-84)

Two sets of historical simulations within sample have been
carried out: one to test the dynamic simulation properties of

the quasi-identities (1) and (2) of Box 5 for which estimation
results were presented in Tables 25 and 26, and a second to
test the fit of the bilateral trade flow module, keeping these
quasi-identities exogenous (i.e. equations (12) and (4) in
Box 4). ‘

Quasi-identities

The first test consisted of a dynamic simulation of equa-
tions (3), (4), (11) and (12) from Box 4 over the period
1980/1-1984/1V. For equation (12) this is tantamount to a
single-equation dynamic simulation, while for equation (4)
the errors from the quasi-fob import price PMZ of equation
(12) are also transmitted and therefore cumulated with the
errors, as is clear from Table 27, which gives the root mean-
squared percentage errors (RMSPEs) for the two variables.
The RMSPEs for the cif import price should be compared
with the estimated standard errors (SER) of the estimated
equations in Table 25. Differences between the two may be

Table 25

Estimation results for the cif import price index

InPM, = a + k. 52, bAln PMZ

i+ k. I b InPMZ, _._, + (I=k,) . In PM,_,

Country a by b, b, Lb, k, k, R? SER DW P(r} Type f 1
BLEU 0.061***  0919* 1 1 0,998 2,44 1,861 0,214 Log  0,574* 0,238*
Denmark 0,032 0.964* ] ] 0,998 2,19 1,738 0,179 Log  0,527* 0,282%*
FR of Germany 0,036%**  0,948* 1 1 0,999 1,68 2,072 0,862 Log  0,812*

Greece 0.322¢* 0.908°* 1.376*  0,830* 0,982 6,56 2,060 0,118 ECM

Spain 0,158 0.944* 0,832*  0,584* 0.994 4,52 1,954 0,919 ECM

France 0.002 0.567*  0.329°* 0,849 1 1 0,997 2,42 2,109 0,427 Log  0,725* 0,262%*
Ireland 0,043*** 0,935 "1 1 0.998 2,28 2,106 0,856 Log  0,849°

Italy 0,118°* 0,914* 1 1 0,997 3,08 1,806 0,909 Log  0,363° 0,335
Netherlands 0,059 0,890° i 1 0,999 2,10 2,162 0,492 Log  0,874°

Portugal 0,588* 0,711 ] 1 0,945 9,83 1,959 0,849 Log  0,215*** 0.340*
United Kingdom 0,232* 0.848* 1 1 0.997 2,75 1,978 0,967 Log  0,638°

United States ~-0,069* 1.050* 0.456*  0.456* 0.999 2,08 1,939 0.7 PA

Canada 0.488° 0,753 0,409 0422 0,998 1,88 1,976 0,882 ECM

Japan 0,303* 0.878* 0,771*  0,570* 0,998 257 1,779 0,123 ECM

Australia -0,038 1,032* 0423 0,270* 0,997 3.4 1,855 0,637 ECM

Austria -0.,003 1.000* 1 1 0,998 1,99 2,141 0,295 Log  0,574* 0,353*
Finland —-0,304* 1.155* 1 1 0.997 307 1,960 0,132 Log  0,333* 0,240%*
Norway 0.110°* 0,899 1.284*  0,262* 0.996 2,86 1,927 0,977 ECM

Sweden! 0.011 0.996* 1 1 0,998 2,19 1,958 0,975 Log 0,541 0,153
Swilzerland -0.101 1.032* 1,431 0452* 0.998 2,24 2,191 0,198 ECM

Rest of OECD -0.132 1,038 0,511*  0616* 0,993 4,76 1,966 0,862 ECM

OPEC 0.262 0,940 | 1 0.990 4,65 1,954 Log

CPEs 0,177* 0402*  0204*  0.193* 0.799 1 1 1,000 0.75 1.963 0,600 Log 1,530* -0.717*
NICs 0.055* 0.981° 0.821*  0,503* 0.999 1,98 2,075 0,554 ECM

Rest of world —-0,080%**  1,062° \ ! 0,995 3.82 1919 0,893 Log 0,717*

' For this equation a dummy for 1981 111-1984:1V was added with coefTicient ~0,045°.
Notes: §i¥niﬁcmcc of coefficients: *** = 10%.°** = 5%.* = 1 %.

R? = R-squared, corrected for degrees of freedom, SER = estimated standard error of the regression (%).
DW = Durbin-Watson, P(r) = probability of no first-order autocorrelation using Durbin’s (1970) m test.
Type: Log = log - lincar (k, =k, = 1) PA = partial adjustment (k; =k,). ECM = error-correction mechanism.

r, = first-order autocorrelation coefficient.
ry = second-order autocorrelation coeflicient.
Estimation period: 1966/1-1984/1V.
Estimation methods: OLS. NLS.
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Table 26

Estimation results for quasi-fob imports in current prices

InMZV, = a + k. L_obAln MV,_, + ky. E'_; b, In MV,_,_, + (I-k,) . In MZV,_,

Country a by b, Ib, k, k, R? SER Dw P(r) Type T r
BLEU 0.124¢ 0,980* 0.877*  0,712* 0,999 2,34 1,996 0,942 ECM

Denmark —-0,166° 1,029* 0,741*  0,554* 0,999 2,57 1,898 0,513 ECM

FR of Germany -043 0.996* 0,920* 0,562° 1,000 1,89 1,889 0,816 ECM

Greece 0,076 0,952¢ 0,102*  0,102* 0,995 6,30 1,772 0,342 PA

Spain -0,057 1,006* 0,616*  0,563° 0,998 4,07 1,790 0,626 ECM

France -0,124¢ 1.018* 0,737*  0,644° 0,999 2,22 1,921 0,986 ECM

Ireland 0,011 0.999¢ 0,745* 0,308 0,997 4,69 1,963 0,942 ECM

Ttaly 0,103¢* 0,600°  0,365* 0,965 0.866*  0.346* 0,998 3719 1,881 0,393 ECM
Netherlands -0,009 1,018 0,694*  0,473° 0,999 2,05 1,901 0,532 ECM

Portugal 0.112¢°** 0,880 0.189*  0,189* 0,994 5,96 2,058 0,236 PA 0,369*
United Kingdom —0,147°* 1,024* 0.,752*  0,496* 0,999 2,76 1,960 0,966 ECM

United States —-0,016 0,998° 0,629* 0,370 0,999 292 1,881 0,620 ECM

Canada 0,272¢ 0,950* 0,847*  0,766* 0,998 2,99 1,886 0,932 ECM

Japan -0,255 1,015* 1,012 0,873* 0,999 31 2,068 0,644 ECM

Australia —0,204** 1,025* 0,868* 0,606 0,997 4,33 1,951 0,793 ECM

Austria 0,015 0.994°¢ 0,833* 0,604 1,000 1,80 2,026 0,950 ECM

Finland 0.016 0,987¢ 0,739  0923* 0,998 391 1,871 0,785 ECM

Norway 0.064 0.983* 0,710*  0,883* 0,997 3,79 1,912 0,511 ECM

Sweden -0.027 0,738*  0.260° 0,998 1,081*  0,559* 0,999 2,45 1,548 0,805 ECM
Switzerland -0,016 1,019* 0,703 0,465 0,998 3,19 1,751 0,739 ECM

Rest of OECD 0.172¢ 0.662* 0275 0,937 0,741*  0,360** 0,996 4,83 1,895 0.364 ECM

OPEC 0,063 0,664*  0,234** 0,898 0.881* 0,060 0,999 4,52 2,048 0,639 ECM

CPEs ~0,049° 1,000* 1,025*  0971* 1,000 0,92 1,978 0,986 ECM

NICs 0,049 0,983° 0,820*  0,.264° 0,999 2,48 1,981 1,000 ECM

Rest of world ~-0,168° 1,083* 1 1 0,999 2,94 2,098 0.552 Log 1,494*  —0,742°

Notes: §i}niﬁuncc of cocfficients: *** = 10%,°* = 5%.° = | %.
Ri =

R-squared, corrected for degrees of freedom, SER = estimated standard error of the regression (%).
DW = Durbin-Watson, P(r) = probability of no first-order autocorrelation using Durbin’s (1970) m test.
Type: Log = log - linear (k, =k, =1) PA = partial adjustment (k, =k,). ECM = error-correction mechanism.

ry = first-order autocorrelation coefficient.

1y = second-order autocorrelation cocfficient.
Estimation period: 1966/1-1984/1V.
Estimation methods: OLS, NLS.

for either of two reasons: one is that the equations, being
estimated over the period 1966/1-1984/1V, perform less well
over the 1980-84 period; the other is that autocorrelation
may not have been removed effectively, and therefore errors
accumulate because of the use of lagged dependent variables
in the equations. A4 priori it is difficult to say which of these
two reasons might apply. Moreover, the former cause may
enhance the latter. Moreover, it is also possible that the
former cause may exert positive influences on the fit: in that
case the RMSPEs could be lower than the SER. As may be
seen from the first two columns of Table 27, this happens
for Spain, Finland, the OPEC, the NIC zone and the rest
of theworld zone. On the other hand, less satisfactory results
are obtained for France, Austria and the zone for centrally
planned economies, where the RMSPEs are more than dou-
ble the SERs.

The third column of Table 27 gives the RMSPEs for the
quasi-fob imports MZV of equation (4) in Box 4. Since they
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are a function of the cif import price PM, errors in the
latter work through into the former, and the RMSPEs are
therefore not directly comparable with the estimation results
of Table 26. A proxy may be obtained if the RMSPE of the
first column is subtracted from the third, even although this
may become a negative number. On the basis of this evi-
dence, comparatively large RMSPEs appear for Greece and
the rest of the world zone.

Bilateral trade flow model

A second test consisted of a dynamic simulation, again over
the period 1980/1-1984/1V, of the complete bilateral trade
flow model (equations (3)-(12) from Box 4), keeping exogen-
ous equations (12) and (4). In this way it is possible to
concentrate on the fit of the bilateral trade flow equations
alone. It should be remembered, however, that, as usual in
a bilateral trade flow model, the export prices are also
exogenous. The goodness of fit of the bilateral trade flows



The bilateral trade flow model

Table 27

Root mean-squared percentage errors (RMSPEs) for the cif import
price and quasi-fob imports, dynamic simulation of equations (3), (4),
(11) and (12) of Box 4, 1980/1-1984/1V

(%)

Cif import price Quasi-fob imports
PM Mzv

RMSPE SER RMSPE SER
BLEU 3,1 24 44 2,3
Denmark 2,8 2,2 34 2,6
FR of Germany 2,6 1,7 33 1,9
Greece 8,3 6,6 21,6 6,3
Spain 3,9 4,5 43 4,1
France 6,4 24 6,7 2,2
Ireland 4,4 2,3 10,7 4,7
Italy 4,0 3,1 53 3,8
The Netherlands 33 2,1 3,5 2,1
Portugal 13,1 9,8 16,0 6,0
United Kingdom 39 2,8 30 2,8
United States 3,1 2,1 6,2 2,9
Canada 2,2 1,9 2,7 3,0
Japan 3,2 2,6 4,1 3,1
Australia 38 3,1 7,4 43
Austria 48 2,0 4,5 1,8
Finland 2,3 3,2 3,7 39
Norway 4.8 29 4,3 3,8
Sweden 2,9 2,2 38 2,5
Switzerland 2,9 2,2 5,0 32
Rest of OECD 6,1 4.8 5,4 48
OPEC 4,1 4,7 7.4 4,5
CPEs 1,9 0,8 2,0 0,9
NICs 1,3 2,0 39 2,5
Rest of world 3,2 38 10,4 2,9

may be judged from the RMSPEs for the individual flow.
Such resuits are presented in Table 28 for the flows between
the four countries of Table 22: Germany, France, the United
Kingdom and the United States. Compared to the SERs of
Table 22, the RMSPEs of Table 28 generally perform well
and are sometimes even better than the SERs.

Although the analysis of individual trade flows is of import-
ance, it is perhaps more interesting to look at the goodness
of fit of the outputs of the linkage model, i.e. export volumes
and import prices. For the latter the quasi-fob import price
PMZ has been taken, because analysis of the cif import price
PM would also involve the errors of the quasi-identity (12),
which was kept exogenous. The RMSPEs for export volumes
and import prices are given in Table 29. Since the export
prices are kept exogenous, the goodness of fit of the quasi-
fob import price index PMZ is a good indication of how
well the import shares are predicted. These are used to

Table 28

Root mean-squared percentage errors (RMSPEs) for the bilateral

trade flows between Germany, France, the UK and the US, dynamic

simulation 1980/1-1984/1V ’
(%)

IF{:E“ RMSPE SER (Table 22)
F D 2,5 29
UK D 6,1 58
UsS D 54 7,0
D F 2,4 2,0
UK F 6,0 6,6
uUsS F 5,2 6,1
D UK 34 4,0
F UK 33 3,5
uUS UK 6,3 6,4
D us ’ 54 5,0
F uUsS 7,0 5.9
UK us 10,2 8,2
Table 29

Root mean-squared percentage errors for export volume and quasi-
fob import price, dynamic simulation 1980/1-1984/1V
%)

Export volume Quasi-fob import price
X PMZ

BLEU 1.9 0,17
Denmark 1.7 0,32
FR of Germany 1,7 0,14
Greece 9,1 0,26
Spain 6,0 0,45
France 1,6 0,17
Ireland 42 0,41
Italy 3.8 0,30
The Netherlands 1,7 0,23
Portugal 5.4 0,41
United Kingdom 28 0,1¢
United States 2.1 0,14
Canada 2,5 0,19
Japan 53 0,13
Australia 3,6 0,22
Austria 1,6 0,14
Finland 3.1 0,27
Norway 35 0,33
Sweden 39 0,26
Switzerland 24 0,39
Rest of OECD 4,5 0,26
OPEC 3.8 0,26
CPEs 4,0 0,19
NICs 29 0,12

Rest of world

00
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weight the export prices in order to obtain the import price
index. As may be seen from the second column of
Table 29, this seems generally to be satisfactory, with
RMSPEs exceeding 0,4% only for Spain, Portugal and Ire-
land. The goodness of fit of exports is also satisfactory, es-
pecially if one looks at the countries for which detailed coun-
try models will be constructed: for them the RMSPEs are
below 2% for the BLEU, Denmark, Germany, France and
the Netherlands and below 3% for the United Kingdom and
the United States. For countries outside this group the
RMSPEs are of course somewhat higher but still not unac-
ceptable given the statistical quality of the data. With only
five countries having RMSPEs above 5% (of which Japan is
perhaps the most worrying case), the overall picture regarding
the goodness of fit of the bilateral trade flow model for the
most recent part of the sample period therefore seems suf-
ficient and only to call for marginal further improvements.

4.3.2. Aggregate export price elasticities

The bilateral relative price elasticities for the flows between
the 25 countries and zones of the QUEST model as resulting

from the preferred equations for all flows were given in
Table 19. Although individual estimation results were only
presented for the 12 trade flows between Germany, France,
the United Kingdom and the United States, simulation of
the complete trade flow model showed the satisfactory fit
of the equations when aggregated into export volumes and
quasi-fob import prices. In this subsection another aspect
of the bilateral equations is analysed, again in an aggregate
way, namely the total export price elasticities as they result
from the bilateral relative price elasticities, and their dynamic
profile.

As has been noted above, the speed of adjustment with
which bilateral trade flows reacted to price changes increased
if dummies, trends or other modifications were introduced
in the bilateral trade flow equations (these modifications
make it possible to obtain significant elasticities in a priori
intervals, combined with an acceptable goodness of fit and
lack of autocorrelation). Therefore it is of interest to see
whether this tendency is indeed present for most bilateral
trade flows. If so, the dynamic profile of the aggregate export
price elasticities should indicate high speeds of adjustment of
total exports to export price changes.

Table 30

Empirical export price elasticities for total exports of goods: long-run values and dynamic profile

Cumulative effects’

% of 5-year cffect

Q, Q, Q, year 1 year 2 year § Cs Q Q, Q year | year 2 year §
BLEU -037 -047 -0,52 -056 -060 —0,67 -1,07 55 70 78 84 90 100
Denmark -060 -079 -089 -095 -106 -1,08 -1.14 56 73 82 88 98 100
FR of Germany -047 -062 -070 -075 -082 -083 -1,19 57 75 84 90 99 100
Greece -058 -072 -075 -076 -079 -073 -2,11 79 99 103 104 108 100
Spain -054 -0,73 -082 -085 -089 -09 -1,04 60 81 91 94 99 100
France -042 -05¢ -063 -067 -072 -073 -1,33 58 77 86 92 99 100
Ireland -0,57 -080 -093 -1,01 -1,12 -1,18 -1,91 48 68 79 86 95 100
Italy -0,71 -09% -097 -100 -103 -1,06 -1,4 67 85 92 94 97 100
The Netherlands -043 -057 ~064 —-0,68 -076 -0,80 -0,77 54 71 80 85 95 100
Portugal -032 ~053 -—-067 -074 ~-093 ~-1,08 n.a. 30 49 62 69 86 100
United Kingdom -05 =078 =09 -097 -1,07 -1,12 -0,87 49 70 80 87 96 100
United States -0,56 —0,71 -079 -—084 -092 -095 -0,51 59 75 83 88 97 100
Canada -048 -059 -064 -066 -—0,5 0,65 -1,04 74 91 98 102 85 100
Japan -0,51 -074 -087 -—-09 -104 ~-110 ~1,13 46 67 79 87 95 100
Australia -0,72 -090 -0.96 -0,99 -1,04 -1,05 na. 69 86 91 94 99 100
Austria -029 -043 -0,52 -058 -0 -0,79 ~1,54 37 54 66 73 90 100
Finland -070 -08 -09 -091 -088 —093 n.a. 75 91 97 98 95 100
Norway -0,57 -082 -097 -1,05 -116 -—116 -1,54 49 71 84 91 100 100
Sweden -0.51 -066 -072 -074 -0,77 -081 - 1,54 63 81 89 91 95 100
Switzerland -0,41 ~-056 —-062 066 -—-0.71 -0,73 n.a. 56 77 85 90 97 100
Rest of QECD -082 -—-106 -1,17 -122 -1,51 -1.49 n.a. 55 71 79 82 101 100
OPEC -038 —050 -0,59 -0,65 -0,76 —0,86 n.a. 44 58 69 76 88 100
CPEs -046 -0,56 -059 -065 -0,74 -0,77 n.a. 60 73 77 84 96 100
NICs -042 -064 -078 -088 -—-108 -—1,30 n.a. 32 49 60 68 83 100
Rest of world -0.95 -L20 -3l —1.38 -1,53 -1,39 na. 68 86 94 99 110 100

' Percentage changes with respect to bascline simulation.

Note: CS gives the corresponding long-run cxport price elasticities of the

y system of the Directorate-General for Economic and Financial Affairs, cf. Kroger (1985).
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Table 30 presents the results of simulations in which quar-
terly export prices country after country have been shocked
by 1%. The first six columns give the percentage changes
with respect to the baseline simulation in each quarter of
the first year, and the last quarters of years 2 and 5. It may
be safely assumed that after 5 years (= 20 quarters) almost
100% of the long-run effect has taken place, so the results
in the sixth column may be interpreted as the long-run
effects. They show aggregate export price elasticities varying
between — 0,65 for Canada and — 1,50 for the rest of OECD
zone. The simple mean of the elasticities equals —0,97 with
a standard deviation of 0,23. Knowing that a value of
—1 for all bilateral relative price elasticities would imply
constant import value shares, the value of —0,97 is to be
interpreted as a confirmation of the fact that changes in
import value shares caused by relative price changes should
cancel each other out in the aggregate.

The aggregate export price elasticities of column 6 may be
compared with those from the Consistency System of the
Directorate-General for Economic and Financial Affairs,?!
given in column 7 (headed CS). These elasticities have
been estimated on annual data over the period 1963-82 for
manufacturing goods (SITC categories 5-9). The elasticities
in this study are estimated on total trade data, and might
therefore be expected to be lower than the elasticity for
manufacturing goods of the consistency system. For most
elasticities this is indeed the case, with the exception of the
Netherlands, the United Kingdom and the United States.
Comparison of the bilateral relative price elasticities in the
two systems for the Netherlands shows that the elasticity
in this study is higher because the bilateral relative price
elasticities for exports from the Netherlands to other
EUR 6 countries generally are lower in the consistency
system. This might be due to the inclusion of the 1960s in
the sample period for those flows. A similar comparison for
the United Kingdom reveals higher elasticities in this study
notably for exports from the United Kingdom to the EUR
6 countries (except Italy) and the United States. Inspection
of Graphs 23, 26 and 33 suggests that this might be due to
the strong correlations between the movements of import
volume shares and relative prices in the last two years of the
sample period. The four most important export markets for
the United States are Canada, Japan, the NICs and the other
developing countries (rest of world zone). The estimates for
the corresponding relative price elasticities are higher than
those for the consistency system, notably for US exports to
Japan, where our elasticity equals — 1,05, against —0.06 for
the consistency system. Again differences in sample periods
explain this discrepancy: while the import value share of
the United States on the Japanese market remained fairly
constant after the first oil shock (consistent with the QUEST
elasticity of —1,05), the movements of import shares and
price developments for the preceding decade usually went

in directions contrary to theoretical expectations, biasing
the relative price elasticity towards zero.

In the last sii: columns of Table 30 the cumulative effects
on export volumes after the 1% increase in export prices are
expressed as a percentage of the 5-year effect. Asconjectured
above, the high speeds of adjustment cause a large percent-
age of the effect to take place in the first year. On average,
88% of the total effect is realized in the course of the first
year of the shock, which would correspond to a quarterly
Koyck parameter of 0,59 (=(1—0,88)!/4) and an annual
parameter of 0,32 (=(0,59/4).(1 - 0,59%)/(1 —0,59)). For the
consistency system, on the other hand, on average only 51%
of the effect takes place in the first year, corresponding
to an annual Koyck parameter of 0,49 (=1-0,51) only.
Therefore, although the long-run total export price elastici-
ties seem plausible, their dynamic profile suggests faster
reactions of export volumes to prices than might be expected
a priori. For the present, these dynamic profiles have been
maintained in the bilateral trade flow model. In the future,
notably when simulations involving relatively large price
shocks have to be made (oil price shocks, currency
revaluations/devaluations), it would perhaps be advisable,
while maintaining the long-run relative price elasticities, to
adjust the dynamic structure through a uniform or selective
increase in the Koyck parameters, for instance such that the
average value used in the consistency system is obtained.
This would prevent world trade flows reacting more rapidly
to changes in competitiveness than could be deemed realistic.

4.3.3. Historical simulations out of sample (1985)

As a final test for the QUEST trade linkage model, the
model has been simulated over the period 1985/1-1985/1V,
using as inputs interpolations of annual export prices and
import volumes (obtained for 1985 by multiplying the 1984
figures by the annual growth rates for 1985). Given the
procedure used, the only results presented are for annual
growth rates for export volumes and quasi-fob import prices.
These inputs (import volumes and export prices) and outputs
{export volumes and import prices) are given, together with -
the actual values for the latter, in Table 31.

When analysing the results in the table, a first general remark
concerns the development of export and import prices. While
their growth rates are practically equal on a world scale for
the historical values (—2,5% and —24%), the simulated
world import price growth is, at —2,9%, lower than world
export price growth. This implies a global gain in competi-
tiveness which results in an overestimation of world export
growth (5.0% versus 3,2%), even if corrected for differences
in definition by not counting the intra-trade of the CPE
zone for the world total.
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Table 31

Inputs, outputs and actual growth rates! for a post-sample historical simulation of the trade linkage model, 1985/1-1985/IV

(average annual growth rates)

Inputs Outputs
Impornt Export Export volumes Import prices
volumes prices Simulated Actual Simulated Actual
BLEU? 1,7 0,1 7,0 2,2 -1,6 -0,9
Denmark 8,4 1,6 6,2 4,5 -1,2 0,7
FR of Germany 50 -04 6,1 79 -2,0 -1,1
Greece 13,3 -56 -2,5 -0,1 -22 —-4,6
Spain 5,0 0,5 -39 2,9 -2,1 -2,1
France 58 1,3 44 2,8 -1,7 -2,0
Ireland 2,8 0,7 1,3 6,4 -0,7 0,2
Italy 8,8 -0,4 3,5 7,3 -23 -1,3
The Netherlands 59 -1,3 4,6 5,1 -1,7 -1,8
Portugal 3,7 -1,5 5,6 11,3 -0,8 -54
United Kingdom 3,2 1,8 6,0 5,4 -1,7 ~0,5
EUR 12 55 0,1 50 ' 5,6 -1,8 -1,3
United States 54 —4,5 7,5 2,1 -23 -32
Canada 9,2 -3,0 5,7 4,4 -3,7 -2,0
Japan 0,4 0,0 6,7 34 —-40 -5,2
Australia 8,0 -11,1 12,8 10,2 -2,2 -1,7
Austria 5,6 -0,2 58 9.8 -2,6 44
Finland 6,1 33 -1,2 0,0 -3,3 2,7
Norway 11,4 1,8 1,7 2,5 -0,6 -2,1
Sweden 8,6 0,4 0,8 32 -1,0 -0,5
Switzerland 52 -17.5 9,9 12,0 -14 ~43
Rest of OECD 40 -51 4,6 13,0 -34 3,0
OECD 53 -1,3 5,6 48 -22 -2,0
OPEC -11,3 -2,6 0,7 -99 -24 -7,1
CPEs3 30 -114 10,3 5,7 -1,7 -1,6
NICs* -1,5 8,9 ‘ -29 ( {
-4,1 2,2 29 -33 -2,6
Rest of world* 7.5 -8,0 -36
World? 3,7 -2,5 5,0 32 -29 -24

! Source for inputs and actual values: Commission scrvices.

1 For inputs and actual values: Belgium.

3 Excludes intra-trade of CPEs for inputs and actual values.

4 Not distinguished individually for export prices and actual values.
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Export volume growth for the Community countries is on
average underestimated, except for the United Kingdom,
Denmark and the BLEU. With a growth differential of 3,0
points between the growth of EUR 12 export prices and
world import prices, certainly part of this underestimation
may be due to the high speed with which this loss in competi-
tiveness is translated into a negative effect on export vol-
umes. Nevertheless this does not explain all of the observed
differences in individual cases. For Belgium/Luxembourg,
for instance, the difference between the simulated 7% growth
and the market growth of approximately 5,5% (EUR 12
excl. BLEU + US) should rather be negative due to the fact
that the export price growth of 0,1% implies a loss of
competitiveness. For Spain, Portugal and Ireland, losses in
competitiveness due to export price changes of 0,5%,
—1,5% and 0,7% with concomitant fast price effects cer-
tainly explain part of the export growth differential between
simulated and actual observations, but leave a part unex-
plained which could be ascribed to an autonomous positive
trend following the export recovery of these three countries
after the 1981-82 recession. The underestimation of the
Italian export growth rate by 3,8 points is partly due to
overestimation of the price effect, but might next also be
explained by the explicit effect of the strong OPEC import
volume decrease, — 11,3%, as the OPEC zone took 12% of
Italian exports in 1984,

Of the other countries, the most striking differences in
growth rates for export volumes occur for the United States,
Japan and the OPEC zone. For the United States, there is
a growth differential of 5,4 points between simulated and
historical values. This difference may be ascribed almost
completely to the fact that the export price growth rate is
based on a price index with base year 1982 instead of 1972
as used for the other US variables. The increase in export
prices under the old definition is more than five points higher
which, with an aggregate export price elasticity close to
— 1,0, accounts for the major part of the discrepancy. Also
for Japan there is a growth differential, of 3,3%. With
Japanese export prices being stable in 1985 and world import
prices falling by 2,9%, the high bilateral relative price elas-

ticities on Japan’s most important export markets such as
the United States (—1,65) and the rest of the world zone
(—1,55) should be seen as the main cause behind this differ-
ential, together with the high adjustment speed of Japanese
exports to price changes. Anecdotally, one might also think
of voluntary export restraints as a source for overestimation.
The growth differential between simulated and historical
values for exports of the OPEC zone, finally, amounts to
10,6 points. The simulated growth rate of 0,7% is based on
a marginal deterioration of competitiveness and a somewhat
smaller export growth than that of its relevant export mar-
kets, due to the introduction of downward trends in some
bilateral trade flow equations. The historical value of
—9,9%, on the other hand, must be seen as the result of a
long-term relative price effect still due to the two oil shocks
and subsequent autonomous shifts in preferences away from
OPEC oil to other energy suppliers, combined with the
OPEC efforts to install a production quota.

There is no need to say much about the quality of the
simulation results for import prices. The differences in
growth rates usually do not exceed 1,0 point, especially for
the larger countries, while they may be somewhat larger for
the smaller countries. The seemingly large differences for the
OPEC and CPE zones must be ascribed to the uncertainty
surrounding their historical observations: for the countries
belonging to these zones, import price developments are
usually not reported by the countries themselves and can
only be estimated on the basis of export price changes of
their partner countries.

For the out-of-sample simulations the principal conclusion
is that the high speed of adjustment of bilateral trade flows
to price changes in the present version of the QUEST trade
linkage model has caused most of the discrepancies between
simulated and observed growth rates for export volumes
and import prices. Apart from this feature, whose import-
ance varies with the size of the relative price changes, the
simulation results seem to track well historical developments
in 1985.
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5. Conclusions

The main feature of the approach to international trade
linkages for the QUEST model described in this paper, is
that bilateral trade flows between the 25 countries and zones
of the model are determined in two steps. In the first step it
is assumed that an aggregate national producer takes a
decision, given his production technology, about the part of
final demand to produce domestically and the part to import.
This decision fixes a total amount of imports, which is
then, in a second step, allocated between different foreign
suppliers (exporters) as a function of their competitiveness
as expressed in price differences. This leads to the need to
estimate two types of behavioural equations: total import
equations to determine the total amount of imports, and
bilateral import equations which allocate these total imports
over the different competing exporters.

An important implication of this two-step procedure is the
assumption that the geographical distribution of total im-
ports over foreign suppliers as exemplified in import shares
is independent of the distribution between domestic pro-
duction and total imports. For example, if a country in-
creases its domestic oil production in order to substitute oil
imports, it is assumed that the subsequent import decrease
is spread evenly over all foreign suppliers. This hypothesis
is not realistic if only some of the foreign suppliers are
actually supplying oil, since, generally speaking, only oil
imports from these suppliers would diminish, thus modifying
the geographical distribution of total imports through their
decrease in import shares. Although this is a microeconomic
example of which there exist many more in reality, the
importance of oil for most economies can almost be called
‘macroeconomic’, as is clearly illustrated in the case of the
United Kingdom. The latter country is an oil producer itself,
but even in a country where all oil is supplied by imports, if
oil consumption were to fall (induced for instance by energy
saving policy), then for the same reason the assumptions
underlying the two-step approach would be incorrect.

The special nature of trade in energy/oil is the major cause
of violations of the assumptions underlying the two-step
approach. To deal with this total trade should ideally be
split into two categories: one for energy/oil products (e.g.
SITC categories 3 or 33), and the other for non-energy/oil
trade. Limitations on the data available for bilateral trade
flows. means that, for the present version of the QUEST
model, the split between energy/oil and other products must
be limited to the total import equations. The bilateral trade
flow model is therefore still based on total trade, although
ad hoc provisions in order to deal with the energy problem
have been made through the introduction of trends and/or
dummies.
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The total import equations, being based on a CES aggregate
national production function, describe the demand for total
imports as a function of final demand and the import price
relative to the final demand deflator. In order to distinguish
between economic behaviour, as represented by the elasticity
of imports with respect to final demand, and forecasting
properties, a trade integration variable has been introduced
in the equations in a theoretically consistent manner. While
thus recognizing the persistent positive growth difference of
at least 2 percentage points between imports and final de-
mand for forecasting purposes, the trade integration variable
reduces the import volume elasticity that is implied for
policy simulations to values in the range 1,0—1,5. Finally,
disequilibrium elements enter the equation through the in-
troduction of the degree of capacity utilization as explana-
tory variable. Estimation of a dynamic version of this equa-
tion for Germany, France, the United Kingdom and the
United States over the period 1965/1-1984/IV based on total
(i.e. including energy/oil) import data produced unsatisfac-
tory results in terms of sign, size and significance of the
coefficients for the three EC countries. A stability analysis
of these equations suggested that more satisfactory resuits,
especially concerning the elasticity of substitution, could be
obtained if the sample were reduced to the post-1973 era.
This proved indeed to be the case, except for the United
Kingdom which in this period started its oil exploration and
production. The elimination of energy/oil from the import
concept as a next step to improve the equations led to
a notable improvement in the estimation results, and in
particular to more significant and higher elasticities of sub-
stitution. The only exception here is Germany, but this may
have been caused by the fact that the category ‘mining
products’ was used as a proxy for energy/oil products. The
equations excluding energy/oil lead to volume elasticities in
the range 1,1—1,6, elasticities of substitution between 0,3
and 0,8, and quasi-elasticities with respect to the degree
of capacity utilization varying between 0,3 and 1,1. The
adjustment of non-energy/oil imports to price changes is
faster in the United Kingdom and the United States than in
Germany and France, where it takes 1,5 quarter for 50% of
the total effect to take place.

The bilateral import equations were derived in a theoretical
framework consistent with that for the derivation of the
total import equations. The basic equations give the volume
of the trade flow from country/zone i to country/zone j as
a function of the import volume of j and the export price of
i relative to the prices of its competitors on market j. Al-
though the incorporation of disequilibrium elements
through the introduction of the degree of capacity utilization
of exporter i is theoretically justified, the empirical results
for this explanatory variable were such that it was decided
not to include it in the equations in its present form.!
The bilateral import equations being derived from a linear
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homogeneous (CRESH) function, the elasticity of bilateral
imports with respect to total imports is @ priori equal to one,
such that the equations reduce to import volume share
equations, in which the main coefficient is the elasticity on
the relative price.

For the present version of the bilateral trade flow model,
the bilateral import equations were estimated on aggregate
trade (i.e. including energy/oil) data, with autonomous diver-
gencies between import volume shares and relative prices
being accounted for through the introduction of trends and/
or dummies. This leads to bilateral relative price elasticities
varying on average around — 1,0, which is the value imposed
by the zero-sum nature of a relative price change in a
model where exports should consistently add up to imports.
Although the relative price effects are close to a priori
expected values, the dynamics of the equation imply a very
fast adjustment of bilateral trade flows to changes in relative
prices, with on average almost 90% of the total effect on
the quarterly variable being realized in the first year (almost
70% for the annual variable). Even though the adjustment
lag of total imports delays the effects in the complete model,
this still does not always seem to correspond to reality,
certainly if relative price changes are large. Although a
historical within-sample dynamic simulation over the period
1980-84 produced a satisfactory fit for export volumes and
import prices, this aspect was illustrated in a simulation used
to calculate aggregate export price elasticities, and also in a
post-sample historical simulation for the year 1985. In the
latter simulation, although the results were generally satis-
factory. most of the larger differences occurring between
actual and simulated values could be ascribed to the rapidity
with which trade flows are estimated to react to price
changes. For future work, therefore, it is proposed to reduce
the speed of the relative price effects, e.g. through introduc-
tion of the values obtained from estimations on annual data,
or through a uniform autonomous change in the parameters
of the model governing this speed. At the same time it would
be possible to start with the incorporation of explicit energy
effects in the bilateral trade flow model, e.g. through the
introduction of a dichotomy in the import volume variable
depending on whether the exporter is a significant oil sup-
plier or not.

Footnotes

Chapter 1

! Cf. Dramais (1986). This model links models for the European Com-
munity. the United States, Japan and the rest of the world.

Cf. Barten er al. (1976, 1980) and Bucher and Rossi (1985). More
detailed information about the Eurolink model is given in both national
model documentation and Eurolink survey (Doc. 11;226/84).

¥

These models will mainly consist of import equations and export price
equations. Increased export revenues would stimulate imports, while
changing competitors® prices would affect export prices.

4 Cf. OECD (1985).

Chapter 2

Cf. Italianer (1986, Ch. 1).
For a treatment of a multi-good framework, cf. Italianer (1986, Ch. 2).
We assume that these also comprise imports of services.

b W

In a disequilibrium framework this is the effective demand case.

5 A function f (x,.....x,) is weakly separable with respect to a mutually
exclusive and exhaustive partitioning of its elements if the marginal rate
of substitution F;/F; between any two elements x; and x; of any subset

8

is independent of the quantities outside this subset: (Fi/Fj) =0

8 x
with x, not in the same subset as x; and x;
Cf. Goldman and Uzawa (1964).
Cf. Gorman (1971).
Cf. Blackorby et al. (1974).
Cf. Italianer (1986, Ch. 2).

Not only the domestic utilization rate could appear as an explanatory
variable in this framework, but also foreign utilization rates. The influ-
ence of the latter is however usually assumed to be zero in total import
equations, cf. Catinat (1984).

' Cf. Junz and Rhomberg (1965, L973).

Almon lags were also tested, but did not improve the significance of the
substitution elasticity.

e w o

13 In the bilateral import equations the index j is used to distinguish the
importer j from the exporter i.

14 Cf. Italianer (1986, Ch. 9).
15 Cf. Italianer (1986, Ch. 5).
16 Cf. Hanoch (1971).

17 Cf. Italianer (1986, Ch. 2).

¥ The bilateral import volume X;; is obtained using the total export price
PX; as a deflator for the value flow XVj

19 Cf. Catinat (1984).

The homogeneity assumption for the function in (3) implies that the
value shares of bilateral imports in total imports are independent of the
level of imports. If the domestic rate of capacity utilization were to
appear in both the total and the bilateral import functions, a change in
this rate would imply a change in aggregate imports and in bilateral
import shares at the same time, thus violating the separability condition.

2l Cf. Dramais (1974/1975).

Chapter 3

! Cf. Doc 11/251/86 ('The QUEST data base on quarterly national ac-
counts, monetary sector and balance of payments data. Germany,
France, United Kingdom and United States’) and Doc. 15.12.86/11/
10997 (‘Preliminary investigation of the investment block in the QUEST
model’).

There are differences in the periodicity of the data (Compact uses annual
data, this study quarterly), the sample period (1958-82 for Compact,
1965-84 for QUEST), the use of oil price shock dummies (in Compact),
the relative price index (Compact uses a domectic price deflator PD,
this study a final demand deflator) and correction for autocorrelation
(used in Compact, and not for Table S, although this does not influence
the coeflicients greatly).

M)
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This number may be calculated, under the assumptions of no price
discrimination and homogeneous bundles of goods, as (51,4/45,6)!/19 —
1 =0,6%.

This is standard practice, cf. Artus et al. (1980), Van der Windt et al.
(1984), Haynes and Stone (1983) or Spencer (1984). Note, however, that
these authors differ as to the use of the degree of capacity utilization in
levels, logs or growth rates.

Although the relative price jumps from 1973/1V to 1974/1, the break is
located in 1974/1-11. This is due to the Koyck lag on the relative price.

" The points plotted in the graphs correspond to the last (first) observation

included in the sample. So the fisst point in Graph 12 is the coefficient
from the regression for 1965/1-1969/IV. The value of the Koyck par-
ameter has been fixed at the value of Table 9.

Cf. Spencer (1975).

Preliminary tests with a specification similar to that for total imports
have shown that acceptable results might be obtained in that way, save
for the effect of the degree of capacity utilization. For the United
Kingdom the relative price elasticity proved to be considerably stronger
than for the other countries.

For the total import equation, the estimation results are (with standard
errors in brackets):

a=—2,567, b=1,138,

(0,863)_ (0,087)

SER =1,5%, R2=97,7, DW =2,15.

Cf. previous footnote.

c=—0,310,
(0,171)

d=0,318,
(0,169)

k=0,583,
(0,143)

Chapter 4

One of the most extreme examples in this respect are the Netherlands,
for which trade declared as imports only reaches about 80% of the
exports declared as going to this country. This is due to the fact that a
considerable percentage of the latter trade only stays in transit and is
therefore not recorded as imports.

Cf. Docs 11.3.1986/1186 2149 (‘Total import and export data (value,
volume, prices) for the countries and zones of the new quarterly multi-
country econometric model’) and 11/350/86 (‘Bilateral trade flow data
for Fortrade, the linkage block of the QUEST model’).

Cf. footnote 1.

This may be due to differences in the timing of the recording of the
flows, differences in classifications and recording systems, smuggling,
theft, errors, omissions, etc.

For the moment, the distinction between total imports of energy/oil and
non-energy/oil products as suggested in Chapter 3 has not yet been
implemented in the bilateral trade flow model. The volume variable
therefore comprises all imports of goods, incl. energy/oil.

Cf. Doc. 11/430/86 (‘The stability of the world trade allocation mechan-
ism, 1961-84. Tests based on export demand functions for 25 countries/
zones').

Tables 22 and 23 differ from Tables 20 and 21 in that they give for the
coefficient b‘j the short-run clasticity; the long-run elasticity may be
found in the column bij/(l =)

Cf. Dramais (1986, p. 160).
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23

Let the variables w, and y, in the quarterly equation In w,=a.(l—c) +
b.(l—c)Iny, + c.ln w,_, be stock variables, such as the import volume
share and relative price variable in the bilateral trade flow equation.
Then the corresponding annual equation approximately has the form In
wr = a(l-¢*) + b.(l—-c¢*).n Yy + cln wy_), with wy the annual
average of w,, and In Y defined as In Y1 = (l—c)/(l—cx).(ln Y10 +
cn Yo + cZln Yo, + ¢dIn Ypy), with Y155 = 0, 1,2, 3, the average
of the values of y, for the last j quarters of year T—1 and the first 4—j
quarters of year T. Because this equation does not use the same definition
for the relative price variables as the quarterly equation estimated on
annual data (In Y versus In Yy,), the Koyck parameter corresponding
to the latter does not equal ¢4, as one would expect, but (c/4).(1—c%)/
(1—c). This result is obtained if the first-year effects of a sustained stock
in y, are put equal to each other for the two equations.

This should be the bilateral export price. Under the assumptions of a
homogeneous bundle of goods and no price discrimination, the bilateral
price may be replaced by the total export price PX;.

Cf. Italianer (1986, Ch. 2).

For a more elaborate approach in which the adjustments are endogen-
ized, cf. Don (1982).

Cf. the defintion of PMZj in Box 4. If we assume each bilateral trade
flow in value X; to consist of the export price PX; multiplied by a
volume Xj;, the definition of PMZ; amounts to PMZ; = Lv;.PX;, with
v;; the import volume share v;; = Xj;/Zy, Xy;.

Cf. Doc 11/350/86 (‘Bilateral trade flow data for Fortrade, the linkage
block of the QUEST model’).

Cf. previous footnote.

There is a stream of models in which this identity is not respected on a
national level or even a world scale, using as main argument that the
accounting discrepancy in practice cannot be distinguished from white
noise in the data or estimations. Though this argument may be valid
for forecasting purposes, it is a less desirable property for policy simula-
tions. Cf. Courbis (1981).

Cf. footnote 13.

For some countries or zones, the introduction, in addition, of the volume
of GDP and its deflator could be tried.

Cf. Davidson er al. (1978).

If r; and r, are the first and second-order autocorrelation parameters,
and if we have 1<r <2 and -1<r,<0 with r;+r, = 1, this equation
corresponds approximately to a loglinear equation in first differences
with autocorrelation parameter —r,. We have two such results (cf.
Tables 25 and 26).

The Consistency System contains bilateral trade flow models for the
SITC categories 0—1, 2+4, 3 and 5—9 for 22 countries/zones. The
relative price elasticities for the first three categories are zero, and those
for SITC 5—9 have been estimated on annual bilateral trade flow data
for manufacturing goods, cf. Kroger (1985). The Consistency System is
used for consistency exercises during the forecasting rounds at the
Directorate-General for Economic and Financial Affairs.

Chapter 5

That is, in levels; if data on this variable become available for more of
the 25 countries/zones, it could be introduced relative to the degrees of
capacity ulitization of its competitors.
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