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This paper sets out the various stages 1in the
construction and estimation of a supply block for medium-term
projection models. It describes the theoretical basis for the
specification chosen and the estimation results.

The basic block is a set of production factor demand
functions. It is refined by modelling the scrapping behaviour
of firms, introducing the effects stemming from movements in
hours worked, and examining the role of profits. Other
possible changes or improvements are outlined. The model 1is
used to simulate the effects of movements in the relative
prices of labour, capital and energy in recent years.
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CAPITAL, ENERGY AND LABOUR SUBSTITUTION:
THE SUPPLY BLOCK IN QECD
MEDIUM-TERM MODELS

I. Introduction

1. To construct medium-term projection models it is
necessary to estimate production functions. There is

considerable scope in the choice of function: number of
factors, specification, separability, functional form, etc.
The first point to be tackled is the extent of factor
substitutability; should the function be clay-clay, i.e. with
no possibility of substitution between factors, putty-putty,
with substitutability at the time of purchase and also
throughout working life, or putty-clay, with substitutability
only at the time of purchase of equipment, and with the factor
proportions thereafter remaining fixed throughout its working
life?

2. Two difficulties were experienced in estimating
clay-clay functions: the marginal employment and energy
series, i.e. the quantities allotted to each vintage,
implicitly implied by the estimation were found to be highly
erratic. Also, and more seriously, while the results appear
accurate when the period of estimation ends before the first
0il crisis, they are severely disturbed when more recent years
are included. This probably indicates that movements 1in
relative prices of 1labour, capital and energy affect the
choice of production techniques and productivity trends, and
so recourse must be had to production functions which allow
for factor substitution.

3. The estimation of putty-putty production functions
indicated very 1long adjustment 1lags for capital. Various
tests were carried out on factor adjustment following changes
in relative prices and they gave some Iindication that
conditions for most countries were closer to putty-clay than
to putty-putty technology. These tests are based on the
notion that in the first case the level of relative prices
influences investment, while in the second case changes in
relative prices are influential since the factor proportions
used with existing equipment have to be reassessed. However,
the tests did not appear to be conclusive.

4, A  production function of the putty-clay type was
adopted, with three factors of production. It appears
essential to include energy if the aim is to explain the
breaks observed in series in the period around 1973-74. It
was finally decided that a fourth factor, non-energy rTaw
materials, would not be included on account of the difficulty
of obtaining reliable statistical series and the very great
complexity of estimation its inclusion would have caused.



5. The choice of a putty-clay technology has the added
advantage of enabling short-term productive potential to be
clearly defined: it is a quantity that can be produced with
the equipment installed, each item of equipment having a fixed
technology. with a putty-putty function, it 1is always.
possible to produce more with a given amount of capital by
increasing the gquantities of energy or labour utilized.

6. The functional form of the ex ante production function
has to satisfy several criteria. It should be relatively easy
to handle, not impose any unduly heavy a priori constraint on
the elasticities of factor substitution, and allow easy
calculation of productive capacity. The latter is wused at
many points in macro-economic models, notably in the equations
for prices and foreign trade. The last criterion ruled out
the use of cost functions, e.g. translog, since although they
were very simple to handle and very general, they were not
easy to introduce in a macro-economic model. A "nested CES"
. type of function was finmally chosen, in which a CES function
for the first factor was combined with a CES function for the
other two factors. The advantage of this function is that it
does not pre-judge the two factors contained in the nested
(inner) CES function to be all-in-all substitutable or
complementary since the result depends on the estimated values
of both substitution elasticities.

7. This type of function poses estimation difficulties.
The direct approach, which consists in explaining observed
output, is very difficult, firstly on account of
collinearities and secondly, because the quantity of factors
available will enable more to be produced than actually is
produced. Indicators of intensity of wutilisation for all
factors are therefore needed, and these generally do not
exist. The approach decided upon was to estimate factor
demand functions assuming a certain type of behaviour by
firms. If they minimize their expected output cost and are
subject to a market constraint, factor demands will depend on
relative factor prices. If, on the other hand, they maximize
their profit, they will themselves set their own level of
output and factor demands will depend only on real factor
prices relative to the output price.

8. It is possible to choose between these two types of
firms' behaviour by analysing the manner in which output
prices are determined(l). It was possible to reject, for all
countries except Japan, the assumption that firms maximize
their profit. Japan being an ambiguous case, the assumption
adopted for all the countries was that expected cost would be
minimized.

(1) Details are available on request.



I11. The Putty-clay production function and the model
estimated
9. After choosing the type of technology and the

functional form, several points remain to be specified.
First, the three factors need to be allocated within the two
CES functions. 1f, for example, the production function is
written:

Q = £f(g(X,E),L)
where Q = output
K = capital
E = energy
L = labour
and where we write Z = g(K,E)

and labour being weakly separable, a calculation shows that
the partial elasticities of substitution between capital and
labour and between energy and labour are equal. The reason is
that in this case, the cost function associated with the
production function shows the same weak separability as the
latter, and if this function is denoted by C:

G’KL ) C.CKL ) C.CWL ) d’
CKCL CWCL EL
10. To verify the specification a translog type of cost

function was estimated. This allows considerable freedom for
adjustment of elasticities of substitution. The estimation
showed that the assumption of weak separability of labour was
not rejected for any country, whereas in the case of Canada
the assumption of separability of energy was rejected. The
impossibility of treating the capital-labour "“bundle", i.e.
value added, as a single entity is confirmed by other studies,
e.g. Berndt-Wood (1975). However, the tests carried out do
not appear to have been very stringent, and varied results
appear in the literature. For example, in their inter-country
study, Gregory and Griffin (1976) conclude that value added
can be separated. While the point remains debatable, in the
remainder of this study the separability of labour is assumed
and it is therefore linked by a CES .function to another CES
function aggregating capital and energy.

11. The second decision concerns scrapping. The
"putty-clay" production function defines the possible choices
of technology at the time of purchasing egquipment, and
therefore 1links investment and the quantities of labour and
energy allocated to new equipment. Alongside its purchases of
equipment, the firm will decide whether to keep or scrap
existing equipment. Behaviour of the firm will be considered
later on in this paper. For the moment, it will be assumed
that each vintage of equipment is assigned the same constant



scrapping rate and therefore depreciates geometrically from
the first period after it is installed. This assumption
implies that employment and energy are also assigned this same
rate(l). Throughout the first part of this paper, changes in
weekly or yearly hours worked will also be ignored and they
will implicitly be assumed to be constant. This assumption
will be reconsidered later on. :

12. In certain cases a simplification of this scheme was
possible. When the elasticity of substitution between capital
and labour appeared to be very close to unity, labour and the
capital-energy bundle were related not by a CES function but
by a Cobb-Douglas function. This has the advantage of
yielding much simpler expressions for optimal factor demands.
A simple two-factor CES function was therefore estimated first
of all for capital and labour. 1In the case of France, Canada
and the United States, the elasticity of capital-labour
substitution obtained did not differ significantly from
unity(2). Accordingly, a CES plus Cobb-Douglas type of
function was finally adopted for these three countries. On
the other hand, for Japan, Germany and especially the United
Kingdom, the values obtained were less than unity(3) which
justified maintaining the "nested CES" production function.

13. It 1is necessary to consider in greater detail the
behaviour of firms. They are subject to a marginal production
function written as follows:

- in the "nested CES" case:

q,
_ > -1
(1) rT ! l/\’/l + L(l l'/fl '

Q = QO e Z aL

G}d:l
T-1/q
with (1'") zZ = a, K +

\/l-l/q'
K g E

- in the "CES/Cobb-Douglas" case:

a

(2) Q = Qp erT za pl-a

(1) It would have been very much more complicated at this
stage to assume that the 1lifetime of equipment was
exogenous and constant, since factor proportions' vary from
one vintage to another and so this would have implied
different scrapping rates for the three factors, with the
differentials depending on the whole historical trend of
relative prices.

(2) 0.98 for France, 1.08 for the United States, 0.98 for
Canada.

(3) 0.58, 0.65 and 0.31, respectively.



with Z still defined by equation (1')

where Q@ = potential output with the vintage of equipment
installed |
K = capital for that vintage
= energy for that vintage
L = labour for that vintage
erT = trend in autonomous technical progress at rate r
(T = time)
q” = elasticity of substitution between capital and
energy
d/l = elasticity of substitution between the capital-
energy bundle and labour
QO’ a,,
ag, 8 = constants
a = share of the capital-energy bundle in value output
for the vintage (constant returns to scale in every
case).
14, The definition of the Q variable requires comment.

With only two factors (capital and labour), Q is value added
in volume on a given vintage of equipment. If an energy
factor is included, then the sum of value added and of
intermediate energy consumption 1is wused. Rigorously, the
latter calculation is valid only if value added is computed in
the national accounts as the difference between gross output,
for which there are statistics, and all intermediate inputs.
In the present case, an output series has been constructed,
but with the difference that non-energy intermediate
consumption is ignored.

15. Firms are assumed to minimize their costs. The model
proposed by  Ando-Modigliani-Rasche-Turnovsky (1974) and
subsequently taken up by De Menil-Yohn (1977) and
Maurice-Villa (1980) can therefore be adapted to the
three-factor case. All the calculations 1leading to the
expressions for optimal factor quantities as well as the
expressions themselves, are given in Annex 1. From these
expressions it is apparent under what conditions capital and
energy are complementary or substitutable overall. In the
case of the Cobb-Douglas plus CES function, the condition is
simple. Ifd”>l-a, i.e. if the elasticity of substitution is
greater than the 1labour share in output, an increase in the
energy price will stimulate investment which will therefore
appear as substitutable for energy overall, In the "nested
CES" case it would be necessary that‘§E>di be in the same



situation of overall substitutability (i.e. for the elasticity
of capital/energy substitution to exceed that for labour/
energy) though this <condition while necessary 1is not
sufficient(1).

16. That establishes how the firm fixes the optimum
quantities for factor demands once its market expectation Q is
arrived at. As regards the way in which this expectation will
be specified, a very simple method used by Bischoff (1971) has
been adopted. The firms have a desired output capacity
related to past output levels:

Zaix
1

*
X

-i

It will continue to be assumed that all vintages of equipment
are scrapped at a single rate . The desired gross change in
capacity is then egual to:

(3) AQ=Ax=x" - (1-3) x'_; = % a, (x_; - (1-3)X

i i -i-l)

and” this expression is used to identify Q in equations (B) and
(C) (2). After estimating equations (B) and (C) and
constructing, as shown below, the capacity utilisation rate
(TUC), this specification of the desired change in capacity

can be refined and written exactly as the difference between
expected output and existing capacity, i.e.:

i

(4) AX = X* - (1-3) X-1 (TOC/TUC) .3

where TUC is the average value for the utilisation rate. A
specification was also used in which firms only partly

adjusted deviations in the utilisation rate from its normal
value, i.e.:

_ M
(5) X = X* - (1-3) X-1 (TUC/TUC)-1

(5) also implies that investment changes as long as the rate
of utilisation differs from its average value. France is the
only country for which going from (3) to (5) enabled the
equation to be improved. For all other countries the very
simple construction (3) was adequate.

17. It would obviously be highly desirable to be able to
estimate equations (B) or (C) simultaneously. However, to do
so would require construction of series for L and E,
employment and energy assigned to the latest vintage. An
attempt was made to represent them by gross change (allowing
for scrapping) in total employment and in total intermediate

(1) In this case the derivative of K* (optimal investment)
with respect to e (energy price) is complicated and there

§s no independent analytical condition on variables making
it positive.

(2) See these equations for optimum factor demand in Annex 1.



energy consumption, but the results obtained for the
estimation were strange for certain countries and not very
stable. Results reported here are, therefore, derived from
estimating the investment equation alone(l).

18. The model finally estimated comprises the investment
equation (Bl) or (Cl), Q being defined by (3). This equation
is estimated in logarithmic form, following King (1972), so
reducing the number of non-linearities. Since relative price
expectations are obviously not instantaneous, 1lag structures
for the relative price terms are added. After adjustment of
(Bl) or (Cl), values for the basic parameters r, a, <,
were estimated(2). These values enable the marginal optimal
quantities for labour and energy to be calculated using (B2)
and (B3) or (C2) and (C3). These quantities are then
combined, with allowance being made for the scrapping rate to
obtain the  total optimal quantities for 1labour and energy.
This gives:

(6)  EN* = (1-0) EN*_] + E*
(7) N* = (1-3) N¥_] + L%

where EN* and N#*

total optimal quantities for energy and
labour

E+* and L* marginal optimal quantities calculated from

B2) and (B3) or (C2) and (C3) in Annex 1.

It should be noted that equations (6) and (7) define the
optimal quantities of inputs required to achieve potential
output, i.e., by utilising all unscrapped capital stock of the
various vintages. If this capital 1is under-utilized, for
example because demand is low, actual optimal employment and
optimal energy are lower and they can then be calculated using:

EN* ., TUC

(BA)  EN%»
(88) N** = N* . TUC

where TUC represents the rate of utilisation of existing
capacity.

(1) This single equation approach precludes any study of
inter-related adjustment of factors, as in Nadiri-Rosen
(1968), Lucas (1967) or Schramm (1970). :

(2) Here it should be pointed out that the investment
equations are over-identified in the (Bl) or (Cl) form.
They must be -  divided by ag for estimation. To
facilitate estimation, the value of the constant
(ag/ak)d was pre-assessed by estimating (B4) or (C4).
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19. The capacity utilisation rate, too, is simply derived
from the model. Potential output XPOT is the cumulative total
of additions to capacity Q after allowing for scrapping:

(9) XPOT = XPOT.; (1-4) + ©

The capacity utilisation rate is the ratio of actual output to
potential output: :

(10) TUC = X/XPOT

It may be noted that, in this first simple version of the
model in which the scrapping rate is fixed and exogenous,
additions to capacity are defined by (3) and investment is
determined by (Bl) or (Cl) without bringing in any additional
variable (profits, etc.), the utilisation rate in,K the 1long
term, always moves back towards its normal level. If demand -
and therefore actual output - changes sharply, in the short
term TUC will move, though gradually, with a lag depending on
the aj values in (3), and firms will adjust their output
capacity accordingly.

20. The final forms now have to be given to the equations
for total employment and total intermediate energy
consumption. It was assumed that they would gradually adjust
to their desired 1levels, allowing for the actual rate of
capacity utilisation, which is written in the logarithmic
form(l):

(11a) log EN = Aj log EN.j + (1-)) log EN**

(11B) log N = )2 log N.j + (l-)z) log N**

The idea has sometimes been put forward that the elasticity of
employment and energy with respect to the utilisation rate is
not unity since the average age of the machinery used changes
when demand fluctuates, with firms giving priority to the most
up-to-date machinery. This can be expressed in the form:

(122) 1log EN = Mj log EN-] + (1-)) [log EN* + bj log TUC]

(12B) log N = )2 log Ny + (l-)z) [log N* + by log TUC]

(1) In the construction of the final form of the models,
concurrently with (11B) and (12B), we estimated a process
of adjustment of employment to desired employment derived
from an error <correction model [see Hendry, von
Ungern-Sternberg (198l1)]. The employment egquation is then
written: ,

(12C) log N - logN-3 = A3 (log N* + by log TUC -
log. N*.3 - by 1log TUC-))
+ A4 (log N*_3 + by log
TUC.1 - log N.3j)

This second type of equation performed well for all the
countries. -
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21. The results for the investment equation are given in
Table 1. The explained variable is total productive
investment by firms (equipment and buildings), excluding the
farm sector(l) and excluding the energy sector for Canada.
The explanatory variables are value-added in the sector of the
investment, cost of capital use - constructed as shown in
Annex 1, from the rate of interest on bonds and the investment
price - per head wage costs (ratio of wages and social
insurance to number of employees 1in the sector of the
investment), and the price of intermediate energy consumption,
reconstituted from the wholesale price indices for the
countries for which national accounts series are not
available. In the case of nested-CES production functions, it
was necessary to proceed by iteration for the elasticity of
substitution between labour and the capital-energy bundle
since direct estimation was found to be very difficult. The
elasticities of substitution obtained imply that, on the
whole, investment and energy are only substitutable in Germany
and the United Kingdom, and these are countries for which a
particularly low value is obtained for the elasticity of
substitution with labour. In all the other countries, a rise
in - the energy price reduces investment, and the predominant
effect is the substitution of labour for the other two
factors(2).

22, The equations for employment and energy(3) are given in
Table 2. Where employment is concerned, elasticity with
respect to the utilisation rate 1is usually unity. On the

(1) Except for Japan.

(2) The energy demand price elasticities resulting from these
estimations are on average:

United States: -0.28 United Kingdom: -0.35
Germany: -0.64 Japan: -0.30
France: -0.49 Canada: -0.60

They are fairly high, particularly in Germany, France and
Canada, although it should be remembered that these are
long-term elasticities since they apply to overall energy
consumption only when all equipment has been renewed. For
a five-year period, for example between 1973 and 1978
after the first o0il shock, roughly one-half of all
vintages of equipment was replaced, and the apparent price
elasticities of intermediate energy consumption are also
one-half of those given above.

(3) Total employment (employees plus self-employed) in the
sector of the investment, and intermediate energy
consumption by firms, were reconstituted country by
country from various sources: national accounts, national
energy statistics, and IEA energy balances.
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- Takle 2

Estimation of the Emvplovment and Enercsv Eouaticns

(Annual Log. of the Log. of the 5 3EE
data "optimal" Constant utilisation R oW (%)
10€4-1878) variable : rate

United States
employment 0.58 0.005 1 0.2 1.3& 0.8
(9.5) (5.4)
energy 0.65 0.15 1.6 0.26 1.27 3.3
(5.4) . (2.8) (4.0)
Germany — -
employment ' 0.41 0.007 1.53 0.98 1.35 0.3
(11.8) (0.2) (2.8)
energy 0 -0.012 1.37 0.9 2.03 2.1
(0.7) (7.8)
' France
employment 0.77 0.011 1 0.98 1.04 1.0
(10.1) (0.5)
energy T 0.21 0.04L0 1.98 0.99 1.03 1.8
(3.5) (2.3) (9.0)
United Kingdom
employment 0.71. 0.100 .44 0.97 1.77 0.5
(24.6) (3.8) (7.6)
energy 0.48 0.206 1.81 0.87 1.22 3.5
(4.3) (1.8) (2.4) :
Japan ! '
employment 0.83 0.084 ‘ 1 0.99 2.55 0.9
energy 0.29 - 0.176 2.20 0.89 1.33 2.8
Canada .
employment 0.74 0.045 -1 ‘ 0.59 1.63 1.3
(7.7) (1.0)
energy 0.58 0.062 1.31 0.99 2.37 2.5
(8.5) (1.3) (4.6)
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other hand, that elasticity is always greater than unity for-
energy, which could indicate that, in output surges, more
heavily energy-consuming equipment is brought into operation.
Employment adjustment is fairly rapid in Germany and the
United States (with an average adjustment lag of about one
year), fairly slow in France, the United Kingdom and Canada (a
lag of about three years), and very slow in Japan (average lag
of nearly five years). Energy consumption adjusts very
quickly, except in Canada and the United States where the
average lag exceeds one year.

I11. Modelling of scrapping

23. The equations arrived at in Part II were constructed on
the assumption of an exogenous and constant scrapping rate for
each vintage of egquipment. Since it is possible that output
prices do not cover output costs with certain equipment this
assumption should be relaxed. 1In this event, the traditional
theory of scrapping states that firms get rid of such
equipment. Another possibility is that as soon as the cost of
installing and operating new egquipment becomes lower than the
operating cost of o0ld equipment, the latter is scrapped. It
is therefore important to examine the relationships between
scrapping and either the ratio of output price to output cost
or the ratio of development cost (cost of bringing new
equipment into operation) to output cost.

24. The way scrapping is modelled obviously depends on the
way price determination by firms is represented. If it was
assumed that firms were maximising their long-term profits,
output prices would be equal to the development cost and both
conceptions of scrapping outlined above would amount to the
same thing. If pricing were to be represented as a strict
maximisation of short-term profit, the prices would therefore
be egual to the unit cost of output with the least efficient
equipment required to satisfy demand (i.e. equal to the
short-term marginal cost), and firms would never have any
problem of profitability on existing capacity. In the
medium-term models in which these supply blocks are located,
prices are based on the average unit cost of output, which
makes it possible to consider scrapping from either of the two
viewpoints. )

25. There are no statistical series available on scrapping,
and this cannot therefore be modelled directly. It was
captured through movements in investment(l), hence through
fluctuations in replacement investment. This undoubtedly
introduces a bias in the results since firms may dispose of
unprofitable equipment without replacing it. Moreover, no
model has been built in which the date of scrapping of each
vintage 1is explicitly represented. It seemed far too
complicated to estimate both the parameters for the ex ante
production function and a vintage-by-vintage scrapping

(1) and not through the market value of firms, as suggested by
Baily (198l1).
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behaviour pattern. we have therefore simply tried to model
the apparent average scrapping rate for all existing
egquipment. This means that a single scrapping rate can be
uscd as before for the three factors of production. ' :

26. The scrapping rate S’is defined by:

T
(13) 0, = Q. _g/ Z, Yoo

where Q3 is the capacity installed at date j and T is the
age of %he equipment scrapped in the period t. In order to
establish the formulae for estimating 5: we have made
considerable simplifications. 1In the more general case,_ it is
impossible to write an estimable analytical form for J. If
the first scrapping assumption is reverted to and it is
assumed that a piece of equipment is scrapped when the
variable costs exceed the value of the output which can be
obtained using it, and if it is assumed that the situation at
the putset is one of steady-state growth, a usable expression
for J is obtained.

27. After simplification and linearisation, we arrive at(l):
(14) O = A + B/(1-P\W/PQ) + C(P\W/PQ) B, C >0

where PyV/PWQ stands for the share of cost relating to the
variable factors in the value of output. According to the
other possible version of the scrapping condition, firms do
not scrap when the vintage concerned becomes unprofitable, but
when the total discounted cost of a new item of equipment
becomes lower than the variable cost with old equipment. This
amounts to testing:

(15) O = A + B/(1-PyV/PdQ) + C (PyV/PdQ) B, C > 0

Pd is the development cost, equivalent to the discounted
output cost (at the optimum) with new equipment(2).

(1) For details of the calculation, see Annex 2.

(2) In the case of CES + Cobb-Douglas production function, Pd
is written:

(16A) Pd = powl-a(aK(Ul—4+aE(el-G)a/l-d' e-TT

with the same notation as in Part 1II and Annex 1.

Where the "nested CES" function is used:
~

- a - - -
(168) Pd = |=>0(PKEl Gy, o 91 y1-0yy1/1-4) =17

2L

1-G . q el-G) 1/1-6:

where PKE = (aK u + ag
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28. In order to estimate the parameters of the two possible
formulations for the scrapping rate, (14) and (15), an
expression for desired change in capacity (equation (3)) in
which the scrapping rate is expressed as in (l14) or (15) was
introduced in the investment equations ((B1l) or (Cl) in
Annex 1) . We then estimate the parameters for both the
investment function and the scrapping rate. Equations (14)
and (15) have been complicated by introducing the possibility
of lags for the variable cost share and its rate of growth,
since firms undoubtedly do not respond instantaneously to a
change in relative prices but wait for it to be confirmed.
Havin obtained the parameters contained in the expression
for ;?, optimum employment, optimum intermediate energy
consumption and potential output can be constructed as before
using the estimated flexible scrapping rate.

29. The results obtained are summarized in Table 3. For
all countries except the United Kingdom, the best results are
given by the ratio of variable costs to output and not to
development costs: for these countries, scrapping apparently
occurs when profits become insufficient and not when it
becomes profitable to purchase new equipment. For Japan and
Canada it is found that the parameterisation of 4 is highly
significant. It is almost significant for Germany and France
and of very low significance for the United States and the
United Kingdom.

30. If these estimations were reliable, it would be
possible to rank countries according to the intensity with
which their industrial base has been modernized following
increases in costs. 1In all cases, with the exception of Japan
and Canada, introducing the parameterisation for the scrapping-
rate reduces the estimated elasticity of substitution between
capital and energy. This 1is normal. If, following an
increase in the energy price, energy consumption is reduced,
and if the scrapping rate is fixed, this reduction will be
entirely attributed to ex ante substitution. If the rate is
flexible, the reduction will be attributed partly to ex ante
substitution, partly to the scrapping of equipment for which
energy productivity is lowest.

31. The estimates selected for the endogenous scrapping
rate are therefore (for all countries, even those for which
the significance of parameterisation is doubtful):

United States: 3

0.083 + 0.017 (1/1-PyV/PQ) {(maximum lag:
one year)

United Kingdom: é 0.10 + 0.055 (PVQ/PdQ) (maximum lag:

one year)

f

Germany: 5 = 0.006 + 0.066 (1/1-PyV/PQ) (maximum lag:

two years)
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France: 5 = 0.090 + 0.17 (PV&/PQ) (maximum lag:

two years)
Japan: O = 0.059 + 0.19 (PV&/PQ) (maximum lag:

one year)
Canada: d = 0.03 + 0.015 (1/1-PyV/PQ) (maximum lag:

one year)

32, It will be noted that it was in no case possible to
obtain simultaneously significant values for the level and the
growth rate of the share of costs; in addition to the

foregoing differences between the countries, there might
therefore be a difference between those where the increase in
costs entails extra scrapping that is permanent and those
where the scrapping entailed is only temporary (the United
Kingdom, France and Japan are in the second category). In
order to judge these estimates, the following variance effect
was calculated: according to the estimates what would be the
consequences for the average 1lifetime of equipment of a
one-point increase (in 1979) in the variable costs share in
output (valued at the development price for the United
Kingdom)? These estimated consequences were compared to those
derived applying the usual strict scrapping condition(l). The
results are shown in the table below:

Effect on Average Lifetime
of a l-point Increase 1n the Cost Share -

nits yesr FOET L8 theoreticar  EetiSied)
United States -0.10  -0.10 -0.90 11%
United Kingdom -0.01 0 -0.56 2%
Germany -0.17 -0.17 -0.43 40%
France -0.03 0 -0.51 6%
Japan -0.06 0 -0.30 20%
Canada -0.59 -0.59 -0.89 66%

#+ j.e, strict application of the usual scrapping condition.

(1) In the latter case the increase in cost was compared to
the ratio of trend labour productivity growth in the
various countries.
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33. Those countries for which only the growth rate of the
cost share is significant obviously show no long-term effect.
The short term here, however, means after the estimated
time-lag for the effect to work through to the scrapping
rate. It was observed that for all countries scrapping was
less drastic than the strict theoretical condition implies.
Firms may hesitate to write off equipment definitively even if
it is unprofitable, since the act is irreversible. It was for
Canada and Germany (and to a lesser extent Japan) that
estimated scrapping was closest to theoretical scrapping, and
therefore perhaps that the modernisation effort has been most
intense. For the three other countries, scrapping showed
little sensitivity (and even none at all in the United
Kingdom) to the trend in costs.

Iv. Hours worked

34. All earlier estimates disregarded the problem of how
many hours were being worked, weekly or annually, making no
distinction between numbers employed and hours worked. This
aspect is now .addressed, first by constructing hours-worked
equations and then by considering how changes in the number of
hours worked intervene in the supply block in determining
investment, numbers employed, etc.

35. Annex 3 contains a theoretical model for the way in
which a firm apportions its labour input as between employment
and hours worked. Hours worked are not treated as a fourth
factor. Proceeding hierarchically, employment and hours
worked were apportioned after determining the quantity of
labour service required in the three-factor production
function. The result of this model was that hours worked
deviated from exogenous trend hours worked when the capacity
utilisation rate or output growth rate deviated from their
mean value; moreover, those deviations had an asymmetrical
effect depending on whether they were positive or negative.
Again, hours worked were affected positively by the
_relationship between the employment adjustment cost and the
hourly wage cost. This relationship is hard to measure
rigorously, but it was approximated by using the series
available for the share of labour cost not directly associated
with wages (cost of hiring, training, holidays, safety, etc.)
in total wage cost, which provides a good representation of
the costs facing a firm recruiting manpower. Annex IV
contains the relevant series for the various countries. The
share is largest for Germany and France. The countries in
which it has grown most are the United States, Germany and
Canada. .

36. The final specification of the hours-worked equation is
thus(l):

(1) The Table 4 results do not cover all the variables of
(17) , which is the most general equation possible.
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(17) H = Htend + [a*(TUC-TUC)* + a-(TUC-TUC)-

4 bH(X-X)* + b=(X=X)=1 . [c + d PAR]

where H = hours worked
Htend = trend hours worked
TUC = capacity utilisation rate
(TUC-TUC)Y = TUC-TUC when TUC-TUC > 0 (TUC-TUC™ when << 0)
X = output
PAR = non-wage share of total labour cost
37. In equation (17), trend hours worked are represented by

a second degree polynomial in time, reproducing the way in
which they stabilized in most countries during the late 1970s,
following a period of rapid decrease. The results obtained
for the wvarious countries are grouped in Table 4. The
non-wage component of the labour coct, which represents the
effect of the employment adjustment cost, is significant for
Germany and Japan but very weak in the United States(1l). An
asymmetry appears for the United States, Germany, Japan and
Canada where, except for Japan, hours worked are more flexible
upwards than downwards; this, according to the model, shows
that overtime pay is not very high in comparison with the cost
of short-time working. In the United States, the temporary
lay-off system certainly reduces the downward flexibility of
average hours worked. In Japan hours worked are virtually
insensitive upward, but are very sensitive downward; the
explanation might be that, since longer hours are worked in
Japan than elsewhere, a constraint is being encountered in the
form of the maximum possible work time.

38. Investment may be affected in two ways by a decline in
trend hours worked. The first effect is that existing output
capacity is reduced, which may encourage firms to invest more,
so as to restore it; the other effect is that the capital/
output ratio may rise, since the same quantity of output will
require more equipment, individual equipments being 1less
intensively used. An attempt was made to estimate investment
equations introducing both effects of a decline in trend
hours, but no significant results were obtained; in no
country did investment seem to depend on trend hours worked.

(1) Germany is a country in which this component is both very
large, and has been growing considerably. By contrast, in
Japan it is small and has tended to decline. So the
results are not systematically linked to any particular
evolution of these costs.
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39. The second possible impact of movements in work time is
on employment. A fall in trend hours worked may have three
conseguences:

(i) output capacity may decline, because investment is
not responding, as mentioned above;

(ii) labour productivity may increase as a result of the
shorter working day, which would limit the loss of
capacity;

(iii) firms may reorganize production through, for
example, greater use of shift working. Employment
then increases as a result of decline in trend
hours, which again makes it possible to produce
more with existing equipment.

40. The latter point was tested by taking the employment
equations (11B) or (12B) from Part II and adding an effect of
the non-cyclical component of hours worked (Htend) estimated
with (17). The eguation takes the form:

(18) log N = Mlog N.j + (1-X)[log N* + b log TUC +
¢ log Hteng +4)
where N = number of persons employed

N* = optimum number of employees with full capacity
working (see Part II)

TUC = capacity utilisation rate

The results are given 1in Table 5 and show that in all
countries, the decline in trend hours worked significantly
increases employment: for the United States, France, the
United Kingdom and Canada, the coefficient is near to 1,
showing that in those countries there is no productivity gain
and that reorganising production fully offsets the initial
loss of capacity. In Germany and Japan the coefficient 1is
significantly smaller than 1, suggesting either that the
reduction in hours worked permitted productivity gains, which
is plausible for Japan in view of the original level of hours
worked, or that some loss of capacity persists.

41. Cyclical movements in hours worked should also have an
influence on employment. When output rises in the short term,
two factors reduce the effect on the number of employees:

(i) more hours are worked;

(ii) short-term labour productivity goes up (faster work
pace, attempts to improve efficiency, etc.).
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.As has been shown above, the cyclical response of hours worked
can be asymmetrical (upwards . and downwards) ; the same ‘might
therefore be true of the <cyclical response of numbers
employed. - To test this idea the employment eguation (18) was
changed by introducing the ratio of the cyclical components of,
hours worked to the non-cyclical components (HC/Htengd) s
distinguishing their positive and negative values. In all
countries, changes in the cyclical component of hours worked
attenuated changes in employment. The coefficient was always
greater than 1. This means that short-term productivity
changes accompany changes in hours worked so as to stabilize
employment. In many instances, the coefficients are about two
or three, meaning that such changes in productivity are more
important than changes in hours worked in explaining manpower
rigidity. A very significant asymmetry appears for the United
Kingdom and Japan, surprisingly for the former as no asymmetry
had been detected in the work-time response(l). The result
for Japan is quite consistent with the result obtained above,
to the effect that hours worked are inflexible upwards. Only
the temporary increase in productivity plays a role.

42.- Changes in hours worked can influence one final aspect
of behaviour, namely the way in which hourly wage rates are
set. If workers wish to maintain their weekly or monthly
earnings when trend hours worked decline, they must obtain an
offsetting increase in the hourly wage rate, which will
therefore be influenced negatively by trend hours. Moreover,
cyclical 1lengthening of hours worked, meaning that more
overtime is being worked, should entail an increase in the
average hourly wage. The two hours-worked components were
introduced in the hourly wage rate equation for the six
countries studied. The only significant result obtained was
for Japan, where cyclical lengthening of hours worked equal to
1l per cent of the trend level raised the average hourly wage
rate, according to the estimate, by 0.3 per cent. No other
positive result was obtained, either because of statistical
problems or perhaps because workers had not been obtaining
compensation for declines in hours worked.

V. Profits

43, The equations up to now have been derived purely from
the original putty-clay model. In particular, they take no
account of profits, whose significant influence on investment
has been identified in many studies [Helliwell-Glorieux
(1970), Le Marois (1979), Gardner-Sheldon (1975), Sarantis
(1979), Coen (1971), Metric (1981)1].

(1) This may reflect changes in the composition of output,
each sector having a different hours worked/employment
trade-off.
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44, One theoretical justification for the inclusion of
profits in the determination of investment is the possibility
that firms are under a solvency constraint {[Malinvaud (1981),
Artus-Sterdyniak (1980), Courbis (1973)]. Their indebtedness
at the end of the period must be such that during the
following period they <can repay maturing loans and pay
financial costs out of their own profits, allowing for a
possible increase in indebtedness due to inflation. This
gives:

(19) END (¢L+ i) = 178 pad Q2 + ﬁarEND

where END = indebtedness
. = proportion of borrowings to be paid off
i = interest rate

-fTa = expected profitability rate for subsequent period
(profit/output ratio)

p2 = expected output price
Q8 = expected output
since END = END_j + p1I -TIp Q
with p1 = investment cost
I = investment
This gives:
(20) IsﬁTa(Hpa)Qa/(?zﬂ* i-ﬁaj- p/pr - END_1/pP1 +7T1Q P/PI.

Possible investment is an increasing function of the observed
and expected profit rate, of the output price relative to the
investment price, of output and of expected output, and a
decreasing function of the real interest rate and the real
value of inherited indebtedness. If some firms find this a
constraint, then the wvariables having a bearing on it,
particularly profits, can reasonably be added into the basic
investment equation such as (Bl) or (Cl) in Annex 1. Another
possible way of adding the profitability rate to the
investment equation would be to start with a model in which
financial markets are imperfect and in which a firm increasing
its indebtedness does so by borrowing at increasingly high
interest rates [see Milleron (1970)].

45, Another theoretical reason for introducing profits,
which then influence the speed with which investment adjusts
to its desired level, is to take account of adjustment or
uncertainty costs. Introducing capital adjustment costs makes
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. the adjustment speed depend on interest rates and the real
wage rate [Schramm (1970), Mortensen (1973), Eisner-Strotz
(1963), Gould (1968), Lucas (1976), Craine (1975), Rothschild
(1971)1]. However, this specification adapts poorly to the
putty-clay model, in which the adjustment cost should fall on
new investment. Another possibility is the introduction of
uncertainty [Nickell (1977), Hartman (1976)]. An elementary
model could be constructed on the basis that firms are
uncertain about the level of demand and must anticipate a high
marginal rate to accept the risk of over-capacity, employment
being inflexible downwards, and to cover the financial outlay
on the investment. In this case, the speed at which
investment adjusts is a positive function of the profit rate,
and a negative function of the nominal and real interest rate.

46, When profits were added directly to eguation (Bl) or
(Cl) deriving from the three-factor putty-clay production
function following the first (solvency) model, the only
significant result obtained was for Canada, where profits(l)
appeared to play a considerable role in explaining investment
in recent years(2). For no other country were the profit
variables significant. They could be added significantly to a
simple accelerator, but as soon as the relative prices for the
three factors were 1involved the significance disappeared.
This rather puzzling phenomenon was observed several times.
It might be due to coincidence of o0il price rises, which lead
in most countries to a substitution of labour for the capital
energy bundle out-weighing(3) that of capital for energy, with
a fall in firms' profits. For three countries, however, the
uncertainty model c¢ould be applied significantly, with the
effect of varying the investment lag. The countries concerned
were the United States, France and Germany. When X represents
the deviation of the profits/output ratio from the mean, the
following values were obtained for the accelerator
coefficients:

(1) Defined as the capital goods purchasing power of firms'
gross savings.

(2) The coefficients obtained are:

r (technical progress): 0.033

(3.9)
capital/energy elasticity of substitution: 0.66
(1.9)
coefficient of profits: 0.44
(6.1)
RZ2 = 0.98 DW = 1.25 SEE = 4.7

(3) This was found to occur in all countries except the United
Kingdom and Germany.
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United States Germany France
ag 0.28 + 0.10 X 0.30 + 0.28 X 0.42 + 1.38 X
(5.4) (0.8) (11.5) (12.4) (8.6) (1.9)
ai 0.30 + 0.38 X 0.30 + 0.14 X 0.30 - 1.38 X
(2.0) (8.7) (6.4) (1.9)
an 0.26 + 0.13 X 0.25 - 0.07 X 0.28
(9.2) (0.9) (19.2) (2.3)
as 0.16 -~ 0.51 X 0.15 - 0.35 X
(5.4) (2.2) (11.5) (11.3)

In those three countries a rise in the profit rate did indeed
shorten the average investment 1lag following changes 1in
output, though it remained neutral over the medium term.

vI. Other effects of firms' profitability

47. How does the model behave if the price of variable
inputs rises in relation to the output price? Scrapping 1is
intensified and more o0ld equipment 1is replaced by new
equipment. In the short term, output capacity is reduced, but
when enough time has elapsed for the investment to be
implemented, we return to a Keynesian regime in which demand
governs capacity since the fall in profits has no influence in
the model on the investment level in the medium term, except
in Canada. If there are medium-term supply effects in this
model, they are being transmitted indireclty via the impact of
price rises on the 1level of demand, thereby affecting
installed capacity. If this indirect effect is ignored in the
present state of the supply block, demand is exogenous and
never rationed in the medium term by insufficient profitable
capacity (except in Canada, where insufficient profits may be
reducing investment).

48. There 1is no gquestion here of estimating a genuine
disequilibrium model, which might reveal some demand rationing
pattern. Demand, however, can be separated into changes in
stocks and demand excluding stocks, the changes 1in stocks
component being controllable by the firm itself while the
other component is beyond the firm's control and exogenous.
If the variable cost share in the value of output rises, firms
may begin not only to scrap more equipment, but also to stop
using a certain amount of installed capacity, perhaps thereby
buiiding up fewer stocks or satisfying demand from stocks and
not from unprofitable marginal output(l). From this, a
capacity utilisation rate equation can be estimated which is
an implicit eguation of changes in stocks, linking the rate to

(1) This concept of a stock/output breakdown and therefore of
choice as to capacity utilisation rates, is discussed in
Helliwell-McRae (1980).
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demand excluding stocks, to the variable cost share in output
and to the desired change in the stock level (i.e. in the
absence of a profitability condition and a buffer-stock
effect) as follows:

(21)  X/XPOT = a + b DHS/XPOT + c (NS* - NS_1)/XPOT
+ d (pvV/pX)
where X = production
XPOT = potential output
DHS = demand excluding stocks
NS* = desired stock level
NS = actual stock level
pvV = variable costs
pX putput value

Assuming: NS* = nDHS
gives the estimated equation:

(22) X/XPOT .= a + (b + cn) DHS/XPOT - ¢ NS_1/XPOT
+ d (pvV/pX)

49, In an open economy stock .and import changes could be
treated symmetrically, in which case DHS represents total
domestic demand excluding stocks; if, however, firms know
what proportion of demand excluding stocks 1is satisfied by
imports, and decide how much to produce by reference to the
remainder, in (22), DHS then becomes total demand excluding
stocks and excluding imports(l) (Table 6). The potential
output variable used is that resulting from the estimation of
the model for various countries, with endogenous scrapping
rates, o

S0. For every country but France(2), total demand excluding
imports led to better results, both econometrically an rom
the standpoint of the plausibility of coefficient. This would
suggest that firms in all those countries have a fairly
accurate idea of how the domestic market is shared between
domestic output and imports before determining their

. (1) The imports and stocks used cover the full range of
products. It might have been preferable to exclude raw
materials not produced domestically.

(2) In Ffrance, therefore, imports and changes in stocks are
probably determined fairly symmetrically. We also
observed that the import content of stocks was high, which
explains why there is some degree of parallel movement in
the two series. ,
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production plans. The share of variable costs in output was
significant in the equations for the United States, Ffrance,
Japan and.Canada. For Germany, it was also significant in the
equation with total demand including imports. Generally
speaking, output profitability does, therefore, seem to
influence capacity wutilisation rates, thereby influencing
stocks in the formalization adopted. It would doubtless be
hasty to conclude that any real self-rationing mechanism is at
work here when installed capacity becomes not very
profitable. This is because greater or lesser availability of
internal funds may also have a bearing on desired stock
levels, firms being reluctant to borrow too heavily to finance
stocks when profits are low. One last point about the
estimations is that stocks adjust to desired levels
instantaneously in Japan, moderately fast in the United
States, Germany and the United Kingdom, and very slowly in
France and Canada(l).

51. The model can also be refined as regards the effect of
output profitability on employment, making a second test(2)
for demand exogeneity, i.e. the assumption that firms do not
maximize profits over the medium term. If they did maximize
profits, the employment allocated to each new vintage of
equipment would depend only on the costs of each input in
relation to the output price. Total employment would depend
on the entire historical trend of real factor costs. This is
very complicated to specify accurately. We therefore
estimated a rather "ad hoc" equation taking the specification
(18) drawn from cost minimization and adding first the
logarithm for the real wage cost and second the variable cost
share in output, as follows:

- (log w
(23) 1log N = r(log Noyp + (1 =) [log N* + b log TUC/ + ( p
+ ¢ log (Hteng) ( pvv
( pX
where N* = optimal employment calculated above
TUC = capacity utilisation rate
Htend = trend hours worked.

(1) This can be seen from the coefficient of NS_j/XPOT,
which is minus ¢, being the proportion of the stock
shortfall made up during the period. The coefficients
obtained for Canada by Helliwell-McRae (¢ = 0.17, d =
-0.48) are close to those found here.

(2) The first, briefly described above, starts from output
price formation.



- 31 -

If some firms maximize their profits, employment should show
sensitivity to the real -wage rate appearing . 1in (23) .
Moreover, adding the share of variable costs in output allows
for the possibility that changes in the variable cost share
will have a greater impact on employment than on replacement
investment. A firm may give up using equipment without
replacing it, but this 1is taken into account by the fall in
the capacity utilisation rate TUC; on the other hand, that
kind of egquipment 1s doubtless the most intensive user of
variable factors, so that taking it out of work has a more
than proportional effect on employment and energy consumed,
which justifies the addition of pvV/pX. Clearly, (23) is far
from being a rigorous formulation and can only be used to
suggest some of the consequences of movements in profitability.

52. It can be observed (Table 7) that the real wage rate 1is
never significant. The presence of the relative cost of
labour and of other production factors in desired employment
is sufficient to account for fluctuations in labour
productivity, so there is no need to bring in the real wage
resulting from profit maximization. The variable cost share
in output was significant in two <countries: Germany and
Canada in which, as mentioned above, the scrapping rate rises
the most after an increase in the variable cost share. The
sensitivity of scrapping behaviour accounts for the result
obtained here, because the fact that many older, labour-
intensive machines may be scrapped should normally show up in
total employment, as was indeed the case.

VII. Final model and simulations

53. The final model 1is the outcome of combining all the
changes and improvements progressively made to the 1initial
model of Part IX: flexibility of scrapping, effects of hours
worked and profits. It was also re-estimated for all the
countries using half-yearly data. The basic parameters of the
final equations are given in Table 8.

- 54, Estimating the model with half-yearly data made it
possible to calculate potential output and capacity
utilization rate series, according to the methodology defined
in Part II, for the six countries. These series are
reproduced in graph form in Annex 5 and are compared with
those constructed by the International Monetary Fund using the
method developed by Artus (1977) (1). Because of the 1lags
introduced in the estimates and because certain semi-annual
series were not available for the early years for some
countries (Japan, France), 1t was only possible to calculate
the capacity utilization rate over a fairly short period
(starting 1968 or 1971). Owing to differences in the methods
of constructing the two capacity utilization rate series,

(1) Based on estimation of putty-putty production functions.
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their average absolute levels are not comparable. However,
the trend of their levels can be compared over the common
period. There 1is no very marked divergence between the two
for the United States and Germany. For France, the United
Kingdom, Canada and especially Japan, the series calculated
here show a much smaller decline than the IMF series. Such
divergences are quite reasonable since the fact that the trend
of relative ©prices is taken into account results in
reproducing a rise in the capital/output ratio, hence a
reduction in the capacity created for a given amount of
investment. On the other hand, the fluctuations in the two
series are very similar for the United Kingdom, the United
States and Germany. For Canada, there is a divergence from
1965 to 1967, but thereafter the two series are very similar.
The series obtained here for France and Japan show a much
smaller decline at the time of the first oil shock than those
calculated by the IMF. This 1is perhaps due to the
endogenization of the scrapping rate which results in a
reduction in capacity following the rise in the share of costs
in output which took place in 1974 and 1975.

55, A comparison was also made between the utilization rate
series obtained here and those deriving from national business
survey sources, namely the CBI for the United Kingdom(1l),
INSEE for France, MITI for Japan, the Federal Reserve Board
for the United States, IFO for Germany, and the Ministry of
Supply and Services for Canada (Annex 5). These series are
also very similar to those constructed by the putty-clay model
so far as fluctuations are concerned. For Japan, however, the
national series shows much wider fluctuations and in Canada
there is the same divergence as with the IMF series over the
period 1965-1966. Differences in the trend of the levels of
the series are in every case smaller than with the IMF series.

56. Using the utilization rate series constructed from the

putty-clay model, some simple equations of the "Okun"-type
were estimated:

UNR = a + b GAP
where UNR is the unemployment rate.

The results tabulated below show that the fairly strong
similarity between the utilization rate and unemployment rate
series up to 1974 disappears after 1975. The differences
between the observed and fitted unemployment rate series
suggest that unemployment cannot be eliminated by a return to
normal capacity utilization. The average divergence from 1971
to 1979 was l.3 percentage points for the six countries taken

(1) This survey in fact gives the percentage of firms working

at full capacity, which is assimilated to a utilization
rate.
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together,. The difference was particularly big for Germany,
France and Japan and small for the United States and .Canada
(Table 9).

57. The supply block estimates can be used to simulate the
effects of <changes in factor prices. The trend of the
labour-capital relative price and the energy-capital relative
price is shown in Table 10. Short-term fluctuations in these
relative prices are due mainly to those in the costs of
capital use and, more specifically, in real interest rates.
In the medium term, the cost of capital use moves with the
price of investment, and the ratios calculated come close to
the real wage and the real energy price(l). The
labour-capital relative price mOVES guite differently
depending on the country. It rises very steeply in France and
particularly Japan, fairly steeply in Germany and the United
Kingdom, but very little in the United States and Canada. 1In
the last two countries the real wage cost (expressed as a
ratio to the value-addecd price) grew by only 16.2 and 15.1 per
cent respectively between 1968 and 1979, which explains the
small rise in the relative price. The energy-capital relative
price shows a fairly similar trend in all countries except
Germany, where it remains wvirtually flat. The price of
intermediate energy consumption rose by 81 per cent in Germany
petween 1968 and 1976, the corresponding figure for the United
States, for example, being 400.5 per cent. This 1is doubtless
partly due to the large share of domestically-produced coal in
Germany's energy consumption and the appreciation of the
Deutschmark against the dollar.

58. Two simulations were made on the supply blocks(2): one
in which it was assumed that the nominal energy price remained
constant between 1971 and 1979 at its beginning-1971 level and
another in which it was assumed that the real wage-cost per
hour (i.e. deflated by the value-added price) rose on average
ouring this period at the same pace as labour productivity,
which is to assume that on average the share of wage cost in
value added remained constant. The results obtained are
grouped in Table 11, which gives deviations from the
historical trend caused by the stability of thz energy price
and by the change in the wage cost.

59. The consequences of energy pricé stability depend on
the characteristics of the production functions and on the
scale of the movement in the relative energy price. In

(1) i.e. with respect to the value-added price.

(2) fFor these simulations we added to the factor demand
equations the identity from which the gross domestic
product is calculated, so that investment movements would
have an influence on valu2 addad, with a feedback teo
investment itself. On the other hand, the other
components of demand or profits will not be affected by

movements in employment or in the cost share in output.
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Germany and the United [Kingdom, the elasticities of
substitution are such that, on balance, investment and energy
are substitutable; stability of the energy price at a 1low
level therefore reduces investment in these two countries. 1In

all the others, investment is stimulated, only a 1little in
Canada because of the importance of profits in the explanation
of investment(l) and the fairly small movement in relative
prices, but strongly in France and Japan where capital-labour
substitution easily outweighs capital-energy substitution. 1In
all countries except the United Kingdom, rises in the energy
price reduced gains in labour productivity. In the United
Kingdom, the elasticity of substitution between labour and the
capital-energy bundle is so low (0.15) that no significant
movement shows up. in employment, which is however affected by
movements in output wvia the capacity wutilization rate.
Average annual productivity losses since 1974 due to the rise
in energy prices range from 0.4 per cent in the United States
and 0.6 per cent in Canada to 1 per cent in Japan and Germany
and 1.6 per cent in France. Movements in potential output in
all countries are linked, first, to investment movements which
feed back to the desired productive capacity and, second, to
any fall in the scrapping rate due to energy price stability,
particularly apparent 1in the case of the United States,
Germany and Japan (see Table 8). The 1loss in productive
capacity caused by the 0il crises thus seems negligible for
the United Kingdom and Canada, fairly large for the United
States and Germany and very large for Japan and France, with a
figure of almost 1 per cent per year since 1974.

60. To ensure that on average the value-added breakdown
remained constant, we had to adjust wage cost in the
proportions shown in Table 12. 1In all countries wage cost had
to be reduced considerably between 1973 and 1976, and by a
smaller proportion in subsequent years. However, the
adjustments varied a great deal across countries: they were
small for the United States, Germany and Canada, very large
for France, the United Kingdom and especially Japan where, in
addition, the wage cost share in value increased throughout
the period to 1979, which meant that wage cost had to be
adjusted continuously and in large proportions. The effects
of stability of the .value-added breakdown therefore also
varied considerably across countries. The fall in the cost of
labour, which was. general, caused a decline in investment and
energy consumption, an increase in employment, but also

(1) Because profits appear in the investment equation, in
Canada a change in relative factor costs directly affects
productive capacity. The reason is that such a change
only has a limited effect on investment, part of
investment arising from profits, but has its full impact
on the optimal capital/output ratio since enterprises
choose the best technology. There is thus an effect on
productive capacity.



- 40 -

0°2- 9 G- LeL- L9~ 9°y- 8°L- 0*L- L°0- 2ot epeuE)
2 lL- €°8L- 2t02-  0°6L-  L°BL-  G'yl-  L*gl-  G°L- nL- uedep
gy~ £°6-  G'y=  GTOb-  9'2L-  btgl-  2'8-  gti-  GeL+ WOPIUTY pajtun
9*6-  6'6~  9°LL- 8°2ZL-  9°LL- L'4-  8°¢-  LTE- gte- souedd
G'L+  yt-  0'e-  b'z-  8'2-  w¢-  2'L- GO+ yro+ Auewap
9°Lt- &L= ®'L-  6°0- 0 0*L-  G%°2-  wti-  LTO+  S°e3Ei5 pajrun
6L061L gL6L LLGL 9.6l GLGL 4L61 ¢L61 clL6L LLGL
(%) 3500 adem o073 apew sjuawisalpy

¢l 9Tqe],



- 41 -

a decrease in scrapping which reinforced the decline 1in
investment, although it meant that initially <greater
productive capacity could be maintained, which was
particularly noticeable in Germany and Canada. The  low
elasticity of substitution between 1labour and the capital-
energy bundle in the United Kingdom rendered the effects on
employment negligible there. In all the other countries the
shift in the breakdown of value added would have resulted,
according to the model, in a decline in employment in 1979,
ranging from 0.3 per cent in the United States to 3.3 per cent
in Japan. The positive conseqguences of this shift for
investment were particularly marked for Japan and France; for
Canada they were very small because .0of the role played by
profits in the determination of investment.

VIII. Summary and conclusions

61. From this set of estimates we were able to produce a
complete and consistent supply model for the six major
countries. The salient points are these:

- in spite of the similarity of the models used, there
were wide differences across countries in the
responses to relative price movements: there was
virtually no labour substitutability in the United
Kingdom and a high-elasticity of substitution between
labour and the <capital-energy bundle everywhere
else; the  elasticities of substitution between
capital and energy ranged from 0.1 to 0.6; scrapping
behaviour was both very active (Japan, Germany) and
very sluggish (France, the United Kingdom);

- certain common features did emerge, however: first,
employment seemed to be positively affected in all

- the countries by a fall in trend hours worked;
second, after allowance was made for the impact of
relative price movements, the influence of profits
proved very small, except in Canada. '

62. Many improvements could be -made to these supply
models: expectations could be better represented; stocks and
hours worked could be introduced in the initial model, instead
of at a second stage; - further research could be done on
scrapping and an attempt could be made to calculate a
scrapping rate by factor of production; taxation and the
expected lifetime. of the <capital stock could be better
represented in the calculation of the series for the cost of
capital use. It might be useful, at a subsequent stage, to
introduce a distinction between the two forms of energy (oil
and non-oil) and certain substitutions between energy
categories having possible major macro-economic conseguences.
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ANNEX 1

rinimisaticn of expected cost subject to
the vrcduction function corstreaint
1. When a firm instells new eguipment it minimises The ex-
pected total cost of output, discounted at the rate i, subject
to the constraint cf ce*end satisfaction:
e o I ow, L. e. . E.
in Fop. K. + 2 t+8 “t+6 t+S 40 _
t- ¥ [% G=1 R S ( |"V)
(1+1)
Ftpth revresents the cost of bawlng eculpnent (X) at
The prlce P, and elliowing for possible =tax
enissions whose efisct on the purchase price is
represented by F.
T is the expected lifetime of the eguipment
s 1 y - 3 ] ok e o7 BF-Yed
Ve Lt+@ is the wage cost in peried t+6, with Lt+s the wege

the

ccst (including social insurance); et,g Bir.g 1S

cost of energy consumption, at the price e.

These costs are deductible for profits tax pur-
poses, the apparent tax rate being v, and allow-
ance must therefore be made for such a deducticn
by mult 1p1y1ng costs by 1-v; v also represents
(because it is an apparent rate calculated ex
’Dcst) the effect of fiscal depreciation on taxe

- N

=

In order to simplify the exercise, it is assumed that
there is no disembodied technicel progress, so that L and E re-
main as they were on the date of installation.

The expected

cost will therefore be written:

(A)

.
v Yo/t (1ev) 4 e, Ey .
6=1 (1+i):

T
s et.o/ Ot (1)
&= (141)
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The edditional f*mplnfyl g ascunption w111 be mzde tThat Tirms
expect erlpmeut to nave a Tized lifetime(1)., idninicestion oI
Ct subject to the conctreint of either of the two production
iurctions given earlicr Zeads to the expressions for the opii-
mal investment, empleoyrent and energy demand auu*¢nec Te tne

new vintage.

From (A) we can write the expected cost:

!\'\,

T PUTEN - . L e\G
£Pily + tht > (itw (1-v) + e By 2: -Ll:glg (1-v)
6=1 (1+1i) 6=1 (1+1i) :

where K = investment, p its price, F the tax effects on
investment

=T

(\
ct

[ 4 s 1
L = labour, w its cost, w the expected rate of growth of its
cost :

E = energy, e its price, & the expected rate of growth of
its price . .

i = the nominal interest rate
v = average apparent rate of direct taxation

T = expected lifetime of the egqguipment,

or:
T
1 : i
T+i-w L 1+i-€
Ci = Fip Ky + Wl ——F— (1-v) + e By —3— (1-v)

~Minimising Ct is equivalent to minimising C't:

F .
t -w 1-( )
Ct, = 5o P K, + w,Li, + e, E 7+1 -8
t T-v t ‘(T + +-t t™t & ———F——
+l 1- (1+1 w)

—

(1) In the article referred to, Ando et al. perform the opti-
misation also on the expected lifetime., In the case of a
Cobb-Douglas production function, they show that it is only
dependent on the parameters of the function and the expected
rates of growth of p, W and e. But this would lead to ex-
cessively complicated expressions, particularly with more
complex production functions and it will therefore be
assumed that T is fixed ex ante. .




where the cost of cepitel use u is defined as
Py i-w
u = »—= D, ——r——m
|_\7 - , l
1-(rw

We shall therefcore also in principle have to define a cost of
energy use ug gual to: -

1 T
R S ey

ue.;_ B et l"é 1_( ‘| —

v T+i-w
Tc simplify the expression, we used a single expressicn for the
expected reel rate of interest, Thus we set i-é = i-%, from
which we get u, = e, This is of course an arguable precedure,
but it is necessary to thiuk in terms of this expectetion re-
lating to the whole lifetime of the eou1pmenb, which perhaps
mexes the simplification less unacceptable. The effects of the
relative energy price would always be transmitted in the model
vie the relztionship / (1), Firms! behaviour is thus &s
follows: '

Min U Kt + Wt Lt + ey Et

G. = F(Kys Ly, Et)

where Q_t is the capacity edded by the new vintage of equipment

gnd F is either the double CES function or the CES +
Cob“-DougTas function. The usual Lagrange calculation then
gives the cptimal factor quantities cor, in the case of the
GOLDWe CES function: -

6,-1
1
¥ -1 - 1-60-T 4
(B1) (%) - = Q Tl [(aKd +,aE5‘(§)t ) + ap 1
-5 1-
W Y _ R 6re 6 -1
(ﬁ . 1. ‘Kb’ aKd + ag (E)t .

(1) In addition, when doing the estimation we replaced w by
p (the expected rate of growth of the output price) in the
calculation of u and Uy which - perhaps - has the effect

of mzking the relative prices w/p and e/p play a part in
the mcdel,
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where u = coSt of cepital use
e =venergy price
w = labour cost
@ = market constraint.
L, I£ will then be useful to obtain the ratios for the
optimal factor quantities: '
E B u
(B4) (%) = (=) (2
K7 s ey
(85) () = ~h ) |
B5) - = a m— where
L’y = "¢ Pre't
1
T4

(B6) PyE (aK6'u1-6 + gEéséq'é)

With the CD + CES production fﬁnction‘the expressions for the
optimal factor gquantities are simpler because we obtain:
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ANNEX 2

Derivation of the expression for the scrapping rate

1. Starting from an equilibrium growth regime where output
and the relative output price of the variable factors grow at
the rate g (therefore the volume of these factors is constant,
relaxing this assumption does nct change the results),
capacity installed at time t is Qi_7(1 + g)t; scrapped
capacity is Qt-T7. The scrapping rate is thus equal to:

~ Q1 -q
o= ——t 5 = Ly S 7 - 92

Z— Qt-T(l+g) l-(l"'g) '
8=0 ‘

In this regime the share of variable costs in output is
constant for all new vintages installed and for 'all vintages
as a whole (though at two different constant levels, of
course). Firstly, assume that a piece of equipment 1is
scrapped when variable costs exceed the output value that can
be produced with it. T is therefore such that:

(CV)¢-7/p%.7 = 1 where CV = variable cost
p = output cost

Using the expression for (;/and multiplying top and bottom by
T and taking the logarithms, gives:

T = - z/g log (PyV/pQ)
where P, = (weighted) price of variable inputs;

v volume of variable inputs

N total output

so that PyV/pQ = (constant) share of variable costs in output.

This gives in the equilibrium regime:

1
e 1 —
Fe1-8-9 11 - Tog P
Pl

2. Assume now that, in a particular year, the -weighted
price (reiative to the output price) of the variable inputs
increases by g + pu, rather than g. This will have two effects:

- in the short term, additional equipment that has
become non-profitable is scrapped corresponding to
M/g year of investment. If the_scrapping rate in the
equilibrium growth regime is ¢g, in the short term
it becomes:

T T4 My A
¢ o * 1 “o (1 «+ g) +72
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. - in the 1long term é() becomes 52 corresponding with
the new higher value of the share of costs PyV/pQ.

Noting that m is the rate of growth of PyV/pQ:

l L
5 =9 1-1-Teg 0 1+ BV + B2
Py "0 o

In fact the above expression was not used in the estimation
of § because of its complexity and the problem of quantifying
g. It was linearised (and the logarithm) to give:

B .
5 a4 T-p vV + c®vY) B, ¢ > 0.
-2 P
Pg 0

.
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ANEEY 3

Fodel determining employment_and hours worked

1 The firm pays wo for one hour worked when crpleyees
“are working normal hours (H = HO), W1 for one hour oi ov
(Hos;Hs;H max) , )WO for one hour not worked when worktinme cde-

clines to less than normal hours (or the hours lying between
and H, when H minS;Hg;Ho, hours worked then being pzid =zt the

rate WO). Let W, = OV, (631, while O<Q$;1). The produciivity.

of one hour of overtime is equal to k times (0< k £1) hourly
productivity for HﬁI%V The problem of shift working is ig-

nored herec.  Employment cannot therefore exceed E max, which is
the number of Jobs establ®shed. W, is the cost associated with

employment adjustment(1). The firm's programme is therefore:

rtine

m

Hin ¥ E + (9-1)W E max (H - H_,0) +‘kwb E nmax (H, - H,0)
y
] - ——————
+ W E (H - H ;) + W, H ( E- )

1

W, HE + (9-1)}'10 E max (H - H_,0) +XW_ E max (7, -

E-E
W, H_( -1)
¢ ° —E

-1

+

Subjéct to the constraints:

Q=0 [Fd - (1 - k)E max (H - H_,0)7

¢ HCH O EXE

H_.
min ¥ “max max

where Q = output
E = employment

If the limits Hmin’ Hmay and Emax are sufficiently distant and

are not reached, the result is:
' ' d 1
if H&H_H = H Q E-’lHo 1 -wo }

(o] (o] 0]
P

(1) To obtain an optimum it has to be assumed that the ad-
' justment cost is an increasing functicn (in this instance
quadratic) of the number of persons hired or laid off.
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~ To arrive at the estimated form of the hours worked
uation, which is a function of observed magnitudes, we now
e tc write the expression for:

«t
+

]
’

IO N
m;O'

&
QOL_an

then:

A g - Q = :

Q L_q

(Q = rate of growth of output).

If, in the previocus period, H differed from Hb; then when
H<H

QE_qH_4 = Q_4

Hy  OoE oM, - -
H_, a_,

(32 %)
2,

and if at t-2, H_, = H,

A
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C;_E%H;= (" +é)(1 +é__1)ﬂ" (2\ )17

To be rigor“ué we ought therefore to iniroduce'wz/wo’with le

but becauce of the collinearities with the point value of th
ratio this weas impossible.

If H:»Ho, we arrive at an identical solution except irn

the case where, in the previous period, very heavy demand cdrew
employment toward maximum employment, subject to the capacity
constraint. In this case: : :

Q @ ‘ Q

= = 3 q Tt < Tut
QE_1Hg QB axto capacity with normal hours

where Tut = rate of capacity utilisation with normal hours,
which was calculated after the investment equa-
tions were estimated.



Cvzre cF nev-veze ccet in toiel Jetour cosdt
'fE;i;; deduction cf emricvers! sgocie: insurence
conirituiions (%)7

ggiﬁ:g Germany France g?izggm Japan . Cenede
1968 9.0 - 16.3 15.6 6.7 6.5 0.4
1959 9.6 16.3 1.5 7.5 5.6  10.7
1970 10.8 17.17 15.3 7.9 5.0 11.0.
1971 10.3 17.9 | 15.8 - 8.5 5.1 - 11.0
1972 10.1 18. 1 | 16.2 7.8 5.3 10.5
1§73 - 11.2 19.8 17.1 7.2 4.8 10.4
1974 10.4 20.7 18.2 7.9 4.7 11.3
1975 10,7 21.4 18.4 8.1 4.6 2.0
1976  10.6 21,5 17.8 6.5 L.6  11.5
1977 - 10.5 21.8 17.5 7.2 4.7 12.9
1978 10;8 B 22.4 17.1— 7.4 | 5.4 4.4
1979 - 12.6 22.5 - 16.9 10.5 6.7 14,6

Aversge  10.5 19.6 6.7 7.8 5.2 11.7
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ANNEX 5

Cépaci‘ty utilisation rate series
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