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Summary

The purpose of this article is to provide a deeper empirical insight
into the structural change of an industry which is more relevant than
that obtained by an analysis based on the traditionally estimated
average production function. The main contribution is a long run ana-
lysis of technical progress and structural change by means of the short-
run industry production function introduced by Johansen [13], and based
on micro data for individual production units. For that purpose we have
developed Johansens approach into an operational framework for discrete
capacity distributions inc!Qding a special algorithm for the computa-

tion of the short-run industry production function.
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1. INTRODUCTION

In recent years production theory has developed in a more realistic
direction with greater emphasis on the choice of technology for new
capacity and the structure of the existing capacity of an industry
consisting of a number of micro units (see e.g. Salter [16], Johansen [13]
and W. Hildenbrand [12]. Studies of frontier and short-run industry
production functions based on data for micro units have, to some

extent, replaced the traditional average production function estima-

tions usually carried out on highly aggregated data.

The traditional assumptions in production theory of smooth (cost-
less) substitution possibilities and choice of scale make it difficult
to comprehend the structural development of several important industries
characterized by quite limited substitution possibilities after the
time of investment. The crucial difference between substitution possi=-
bilities before and after the actual construction of plants is most
clearly captured by the vintage (putty-clay) approach assuming smooth
substitution possibilities ex ante and fixed coefficients for current
inputs and capacity determined by the initial investment ex post. The
integratioﬁ of these properties into a formal framework of production
theory is found in Johansen [13]. Within this framework it is necessary,
at the micro level (the unit of production), to distinguish between the

production possibilities existing before the time of investment - the

ex ante production function - and those existing after the investment
the ex post production function. Aggregating the ex post functions of
the micro units, at a certain point of time, yields the short-run
industry production function.

The purpose of this article is to provide a deeper empirical in-

sight into the structural change of an industry which is more relevant



than that obtained by an analysis based on the traditionally esti-
mated average production function. The main contribution is a long

run analysis of technical progress and structural change by means of
the short-run industry production function and it represents a further
development and extension of an approach first used in Férsund ¢
Hjalmarsson [7] and Férsund et.al [5]. For that purpose we have deve-
loped Johansen's approach into an operational framework for discrete
capacity distributions including a special algorithm for the computa-
tion of the short-run industry production function.

Considering now an industry consisting of a certain number of
micro units, the short-run industry production function is established
by maximizing output for given levels of current inputs. Thus, it
corresponds to the basic definition of a production function when the
industry is regarded as one production unit as opposed to the tradition-
ally estimated function for an industry. The latter approach is based
on the notion of the representative firm, i.e. it is assumed that all
micro units have the same underlying production technology, except for
a random error term, when estimating an average industry function. |ti
contrast, the short-run function explicitly recognizes that the techno-
logy of the individual micro units differs, and utilizes all these
technologies when establishing, by explicit optimization, the relation-
ships between the aggregate iﬁdustry output and inputs. Thus in a
putty-clay world the short-run function is the true function for the
industry as a whole. Due to the unique relationship between actual
technologies and the short-run function the latter and its derived
relationships provide us with a well-defined concept of industrial
structure.

The connection between a series of short-run industry production
functions over time goes through the ex ante production functions. The

ex ante function can be regarded as a choice of technique function for the



construction of an individual unit. The short-run industry production
function reflects both the history of ex ante functions over time and
the actual choices made from these ex ante functions. Production at any

point of time must be compatible with the short-run function.

In order to develop a comprehensive long run analysis of technical
progress and structural change information about both the short-run
function and the ex ante micro function is required. The ex ante func-
tion can be derived from engineering knowledge, or estimated as a
frontier production function (see e.g. Eide {2] and Fédrsund & Hjalmarsson
[8] respectively). In the latter case the requirement for information
about technical relationships are much higher than for the short-run
function and we have not been able to perform such a complete ana-
lysis in connection with the present study.

However, since a study of the dynamics of the production of a sector
requires a study of how the short-run production function changes over
time (Johansen [13, p. 26]), establishing a time series of short-run
functions will provide valuable information on the long-run structural
development of an industry, even though the underliying ex ante micre
function is not completely revealed.

In particular the following three aspects of technical change can
be studied empirically on the basis of a succession of short-run pro=-
duction functions:

i) factor bias, i.e. shift of the substitution region,

ii) productivity change, i.e. shift of the isoquants towards the
origin,

iii) changes in the shape of the isoquants, i.e. change in substitu-
tion properties.

To further elucidate the process of technical advance we have

generalized, inspired by Farrell, Salter's measure of technical advance



for this type of production function. See Fgrsund & Hjalmarsson [6]
and [9] and Salter [16, chap. 3].

In this article we have applied the short-run function approach
to an empirical analysis of technical progress and Structura] change
in the Swedish cement industry during a twenty five year period, i.e.
1955-1979. Due to the rising fuel prices in the 1970s, the cement
industry has drawn a great deal of attention as a very fuel intensive
consumer, see e.g. [18]. The analysis is based on micro data for indi-
vidual kilns. The technology of the cement industry has previously
been investigated in the economic literature. However, these studies
were mainly concentrated’on economies of scale in cement production
yvielding estimatgs of minimum efficient scale at the plant level on the
basis of engineering information, or statistical data from plénts in
operation. See e.g. McBride [14] and Norman [15]. Thus, these studies
provide some insight about the scale properties of the ex ante production

function for cement plants.

2. THE CONSTRUCTION OF THE SHORT-RUN INDUSTRY PRODUCTION FUNCTION

When establishing a production unit on the basis of an ex ante production
function the full capacity values x, ;j (j=1,...,n) of output x, and

the current inputs vy (j=1,...,n) respectively are determined. The

ex post function at the micro level, following Johansen [13], a limimi-

tational law is assumed to hold:

Vu
where the input coefficients ij = :4-(j =1,...,n) are constant i.e.
X

independent of the rate of capacity utilization.



In the following we assume that all cement kilns have the simple
structure given by (1) with, but of course, different production capa-
cities and different input coefficients. (We shall return to the empiri-
cal basis for these assumptions in Section 3.) The input coefficients,
Ej, are estimated by the observed coefficients.

The short-run industry function X = F(V1 ,....,Vn) is obtained
by solving the following problem:

N .
(2a) Max X = Ix' subject to
xi i=1
N
(2b) I oE.x SV, j=1,..0.yn
i=1 J
(2¢) x' €[0,x']

where X denotes output and V1,...., Vn current inputs for the industry

as a whole and where i=1,...,N refers to plants with a capacity of ;i.
Since for our purpose,we are only interested in the economic region,

it has been natural to assume free disposal of inputs as expressed by
Equation (26),

The optimization problem raised above is a linear programming (LP)
problem when the input coefficients are assumed to be constant.

The necessary first order conditions are:

X =X
n . . .
> =i : '
(3) 1- % q. & {2} 0when {x'€lo,x'1}, i=1,...,N.
j=t 4 ¢ : |
x' =0

The variables, qq se:-e5q , are shadow prices of the current in-

puts in terms of units of output. It follows directly then, that
9y »-+-»q, represent the marginal productivities of the inputs of the

macro function. Whether a production unit is to be operated or not is
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then, according to (3), decided by current operating '‘costs'
(dimensionless), ca]cu]ated at these shadow prices, being either lower
than, or exceeding unity. This corresponds to utilizing units with
non-negative quasi rents. An equality sign in (3) defines the zero
quasi rent, thus giving the boundary of utilization of the set of pro-
duction units. When operation costs equal unity we have a marginal
production unit in the sense that it may or may not be operated in

the optimal solution. For a more detailed exposition, see Johansen
(13, pp. 13-19].

Since the short-run production function is on a non-parametric form,
the question of how the  function should be represented now arises. This
must, of course, depend on the use to which the function is to be put. In

- order to analyse long run technical progress and structural chanqge we
need the complete representation of each isoquant of the set found
suitable for analysing the three aspects: Factor bias, productivity
change and change in szstitﬁtion properties.

Due to the linear structure of the problem (2a-c), the isoquants
will be piece-wise linear in the two-factor case considered here. In
principle, the short-run function (2) can be derived by solving a
number of LP»problems. However, when the aim is to establish a reason-
ably interesting number of isoquants, in order to reveal all the corners
of the piece-wise linear isoquants, solving the LP-problems (2a-c) is
not a practical procedure.

If one is satisfied with the information given by a limited number
of isoclines these are readily obtained by utilizing a simple ranking
of the micro units according to unit production costs for given input
prices, Such a cost minimization procedure is utilized by Johansen [13],

K. Hildenbrand [11] and W. Hildenbrand [12].
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Our approach yields, fo; the two-factor case, a complete description
of the isoquanté by locating all the corner points geometrically, pro-
viding the whole set of isoclines and, in addition, thus enabling us
to provide a full characterization of the production function via mar-
ginal productivities, marginal rates of substitution, elasticities of
substitution and elasticities of scale. Even for problems with a large
number of production units the computation of isoquants is performed
within a very reasonable amount of computer time. (Although addressed
to other aspects of the short-run function, this.geometric approach was

inspired by unpublished work by Seip [17].)
1)

The boundaries of the substitution region are found by ranking the

Briefly, the algorithm works in the following way.

units according to increasing input coefficients for each input separ-
ately. This corresponds to ranking units according to unit costs when
one input at a time has a zero price. We know that the isoquant must
be piece-wise linear, downward sloping and convex to the origin and
minimizing costs for every factor price ratio. The essential idea is
to substitute production units successively along the isoquant so that
all the above mentioned properties are fulfilled. This is obtained by
the following geometric procedure:

Starting from an arbitrarily chosen output level on the upper
boundary, the last unit entered on the boundary is partially utilized.
The problem is to find the next corner point on the isoquant. The algo-
rithm, then, compares the slopes in the input coefficient space, of the
connecting lines between the starting unit and all units. Thus two units
are always partially utilized along an isoquant segment.

In the case of increased utilization of the starting unit, when

moving from the boundary along the isoquant segment, the first isoquant
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corner point is reached eiéher when the capacity of the starting unit
is exhausted, or when the capacity utilization of the decreasing unit
reaches zero. When the capacity utilization of the starting unit de-
creases, the corner point is reached when the utilization of this unit
reaches zero, or the utilization of the increasing unit Eeaches 100
per cent. At each corner only one unit is partly utilized.

The first segment can, at most, be vertical because the boundary
units are sorted according to increasing input coefficients of that
input which is increasing along the isoquant towards the lower boundary.
The actual length of the segment depends on the capacity of the
activated units.

The next step is to compare the angles of all other units in the
input coefficient space with the partly activated unit at the previously
found corner point. The angle of the next line segment is then deter-
mined by the unit giving the second-steepest angle compared to the angle
of the previous line segment, and so on, until the lower boundary is
reached.

The successive angles, in the input coefficient space, between the
units activated along the isoquant are the same as the slopes of the
line segménts in the input space. Intuitively this can be grasped by
considering the shadow price interpretations of the dual variables

(g, and q,).



3. DATA
The Cement Manufacturing Process

The raw material for cement production consists mainly of limestone
which is crushed and then grand into a fine powder, In the dry cement
manufacturing process; the powder is fed directly into a kiln where

it is calcined (burned) to form clinker. In the wet process, water is
added to form a slurry which ié then fed into the kiln. The basic prin-
ciple of the éemi-dry procésé is to use the exhaust gases from the

kiln for drying and preheating the raw materials before inserting them
into the kiln. Thhé, the main advantage is energy saving.

The kiln is eséentfal]y a huge cylindrical steel rotary tube lined
with firebrick; The raw material (either slurry or dry) is fed into the
upper end. At the lower end ié an fntensély hot flame which provides a
temperature zone of about 1500° ¢ by the precisely controlled burning
of coal, oil or natural gas hndér forced draft conditions. After the

clinker is cooled, it is ground with 4-6 % gypsum into cement.

The Data

The micro Qpits in this Study are the individual kilns of the Swedish cement
industry. Cement pfodhction ié uéﬁal!y étudied on the plant level. Since
the putty-clay assumptions are crucial to our approach,the kiln is the
most suitable Qnit; The kf]n fé the largeét and most expensive piece of
equipment_in the cement plant;»the only conéﬁmer of fuel and responsible
for two thirdé of the totél energy cénsﬁmption of the plant.

The data coveké a time périod betwéen 1955 and 1879, but since our
purpose ié to sthy the iong run development of the short-run industry
production function we have chosen to illustrate the results for the

typical years 1955, 1960, 1965, 1970, 1974 and 1979. We have obtained
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all data directly from the only existing Swedish producer. The data
comprises energy, labour input, capacity and actual output. Since the
raw material input is strictly proportional to output, independent of
vintage and size, this input is not included explicitly.

Energy consumption is measured in calories and relates to the direct
use of energy for drying, calcining and burning the cement in the kiln.
When different types of energy have been used we have aqgregated to one
energy measure based upon the raw enerqgy content of the different energy
types (primarily oil and coal). Burning coai means a small decrease in
energy efficiency which means that for the same amount of output,up to
5 per cent more raw enerqgy is required from coal than from oil.

While energy consumption is kiln specific with fixed input coeffi-
cients in the éhort rﬁn; labour input is not. Labour input is determined
by the aggregate kiln capacity for each plant. Sticking to the kiln as
the micro unit it is a natural assumption to allocate labour in propor-
tions-to the production of each kiln.

Since our purpoée is to study the Zong run structural change in the
use of energy and \abobr this procedure should yield a relevant picture
of substitution and‘prodﬁctivity changes, even if the short run func-
tion for indfv%duél yearé muét be regarded as an approximation of the
actual production possibilities.

Capacity and ohtpht ié meaéhred in tonnes of cement on the individual
kilns. According to the industry practice, annual capacity is
defined as maximum daf]y éapacity during 310 days. The industry capacity,
annug]l oﬁtpﬁt (in ktonhés); percentage capacity utilization and the \
number of ki?né operated\durfng the éelected years are presented in
Table I; Mote that it is poséfble to produce more than capacity if the
number of lay-off days ié lower than expected.

The relatively low degree of capacity utilization in the Seventies

even during boom years is due to the sharp decrease in building activity
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in Sweden; this also explains the decrease in output between 1970 and
1979. The industry still maintains old kilns as reserve capacity for
peak periods.

In 1955 the whole capacity was wet processes, except for one semi-
dry kiln; but no wet k?ln has been installed since 1967. In 1974 five
kilns were d}y, two semi-dry and thirteen wet and in 1979 only three
wet kilns remained. (For a thorough description of Swedish cement in-
dustry and its deve]opmenté see Car]séon [11.)

Qur time unit ié one vyear. There is empirica]>evidence for a cer-
tain amount of dféembodfed technical change in the form of input saving
progress going on more ér Teés continuously. Alternatively these input
savings could be exp]afned by capital substitution in the form of small
scale investments additivé to the basfc kiln étructure.

Moreover the inpht coefficients do, to a certain degree, depend on
the rate of capacity Qti]iiation. Both coefficients tend to increase
with decreasing rate of hti]ization. Due to our method of estimating
the coefficients by chrent observationé this especially affects energy.
coefficients for kilns with a very low rate of capacity utilization.
Stops and restarts Have a negative effect on enerqgy effeciency. Since
slump years are avoided labour hoarding should not affect the labour
coefficients unduly. These qualifications underline the fact that the
assumption of fixed coefficient; within each year must be looked upon as
a convenient approximation.

The relatfve priceé bétwéen labour and energy have changed con-
siderably during the per?od; In Table II we have calculated the factor

price development of the basis of actual costs for the cement industry.
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The sharp rise in energy prices in 1974 has to some deqgree been
mitigated by an increase in coal burning from 13 per cent of the thermal
energy input in 1974 to 34 per cent in 1979.

In the sequel the following notation will be employed:

L = labour (hours)

E = energy (cal)

X = output (tonnes)

L/X, E/X = input coefficients for labour and energy respectively,

D, S-D andW stand for dry,semi-dry and wet processes respectively.,

b, THE CAPACITY DISTRIBUTION

The capacity distributions in 1955, 1974 and 1979 are shown in Figure 1.
The capacity diétrfbﬁtion haé moved considerably between 1955 and
1974, and $omewhat Fﬁrther between 1974 and 1979, especially in the
labour éaving; bﬂt a?éo in the energy saving direction. The average value
of the input coefficient for Iabour; for the industry as a whole, has,
from 1955 to 1979,deéfeééed by 67 per cent and by 17 per cent for energy.
While energy iﬁput coefficienté are largely embodied in the kilns,
labour is nﬁt. Decfeaéfng Tabour fnput coefficients partly reflect the
increaseé in the sze of the kflns (a larger unit does not require more
labour than a émalle} oﬁé); partly a rationalization in other parts of
the plant. The éhabe of the diétribution has changed somewhat dué to
the 1afge bulk of new dry kiln capacity and particularly in 1979 it is
hightly concentratéd in labohr input coefficients, Except for the largest
wet kiln in 1974; the Ia‘rgeét units are also the most efficient. The dry
process makeé it poséible to exploit economies of scale,resulting in

labour saving technical progress.
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On the basis of actually average paid input prices we can construct
a zero quasi rent line. (See Section 2 above.) In Figure 1 quasi rent
lines are drawn through the '"marginal" kilns in 1955, 1974 and 1979.
Thus, we have started from actual output and calculated the cost-mini-
mizing sequence of kilns up to this output. The last kiln in this
sequence is the '"marginal' kiln. Two kilns were above this line in 1955,
five in 1974, and five kilns in 1979.

As regards the actual situation, all kilns were in use these years
with varying deqrees of capacity utilization. This might be an indica-
tion of imperfect optimization. However, one must take into considera-
tion that a full optimization of the cement industry must include the

transport costs between the various plants and the consumers.

5. THE SHORT-RUN INDUSTRY PRODUCTION FUNCT!ON AND TECHNICAL CHANGE
Region of Substitution

The region of substitution and isoquant map of the short-run industry
production function is presented in Figure 2 with five year intervals.
Comparing different years for the same isoquant level, the region
of substitution is rather narrow in 1955, 1960 and 1965 and increases
considerably between 1965 and 1970 when the dry process was introduced
and capacity increased. An indication of this is that for the isoquant
level of 2000 ktonnes the reduction in labour input by moving from the
starting point to the end point of the isoquant was about 20 per cent
in 1970-74 compared to only about 3 per cent in 1955-60,and for energy
reduction the values were below 3 per cent in 1955-60 as compared to
about 10 per cent in 1970-74, Due to the extremely small differences
in labour coefficients there is very little scope for substitution in

1979 and the substitution region is extremely narrow.



The development of the short-run function is determined by invest-
ments in new capacity and scrapping. The investment decision is based
on the expected future development of input prices, the ex ante techno-
logy and the demand. All these factors influence the timing, factor
proportions and the scale of investments. According to the earlier
studies there are considerable scale economies for both labour and
capital in the ex ante production function. while all other inputs are
proportional to output (see e.g. [14] and [15]).

Against this background the steady shift of the substitution region
towards the energy axis should be expected due to the simultaneous
influence of the deve]dpment of relative prices, shown in Table 1I, the
scale properties of the ex ante function, and the shift in technology
from wet to dry process. It is particularly important to note the reduc-

tion in labour input coefficients due to increased scale of new kilns.

Figure 1 clearly reveals that there is a technical limit to the
decrease in energy coefficients, while this is not the case for labour.
The development of the substitution region has been most rapid between.
1960 and 1970 parallel to the vary rapid increase in the relative
price of labour. During this period the average factor ratio between
energy and labour doubled (see Table V below), and capacity increased
by 68 per cent. Four relatively larqge, energy-economized, dry kilns were

installed together with three wet kilns, while two rather energy con-

suming wet kilns were closed.

Productivity change

For all years the distance between the isoquants in Fiqure 2 is 500
ktonnes and the scale on the axis is the same during the entire period.

The productivity improvements can be seen by following any isoquant




Figure 3

representing the same output level from year to vear. In Figure 2
three isoquant levels are indicated by arrows, 500, 1500 and 2500
ktonnes respectively.

For all levels there is a marked movement towards the energy axis.
There is also a substantial shift towards the origin , which is some-
what stronger the higher the levels of output. The long run effect of
ex ante substitution possibilities, especially between capital and
labour, through exploitation of economies of scale, and energy saving
by the introduction of new dry processes has resulted in west-south-west
movements of the isoquants.

Another informative visualisation when studying the change of the
short-run function is to look at the development of the transformed
isoquant map of the short-run function into the input coefficient space.
Such a transformation of the isoquant maps in Figure 2 (except for 1960)
is shown in Figqure 3. |

The transformed isoquant map of the short~run function,
called the capacity region, shows the region of feasible input coeffi-
cients of the industry production function as a whole. Thus,this region
must necessarily be narrower than the capacity distribution region
portraying the individual units. The boundary towards the origin of the
feasible region is called the efficiency frontier. (See Fdrsund and
Hjalmarsson [6]).

The west-south-west movement of the feasible region is clearly ex-
hibited. In 1979 the region almost collapses into two lines. The right
hand outgrowth in general represents the least efficient kiln and in

1979 the right hand branch represents the remaining wet capacity.
Substitution properties

Figure 2 reveals a general tendency for the isoquants to become steeper
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over the years, i.e. the scope for labour substitution diminishes

relative to the scope for energy substitution. However, since the

isoquants consist of piece~wise linear segments it is difficult to
find numerical measures confirming this visual impression.

The conventional measure of substitution properties, the elasticity
of substitution,is zero at the corner points and infinity along the
segments. One possibility is to approximate the isoquant with a smooth
curve, see Fgrsund and Hjalmarsson [7]. Another possibility is to com-
pute an arc elasticity directly by calculating thé ratio between the
percentage change in the factor ratio and the percentage change in the
slope for two consecuti;e isoquant segments.

The arc elasticities of substitution for the output level of 1500
ktonnes for all years are shown in Table III. The number of isoquant
segments varies from year to vear, and the number of arc elasticities
is equal to this number less one. Hildenbrand [12] claims that as a
lgeneral empirical fact' (his quotation marks) the values of this elasti-
city are quite low. However, although there are many very low values in
Table III, the values vary considerably up to quite high values, and
it is difficult to read off any systematic pattern. There does not seem
to be any easy way of summarizing all the substitution properties of the
whole isoquant since the arc elasticity is as detailed as the isoquant it-
self. If very detailed informafion about the substitution properties of
limited parts of the isoquant are needed the arc elasticity of substitu-
tion fits quite well. If we are interested in summary information there
is no obvious way of either fitting a smooth isoquant or parameterizing

an elasticity of substitution function.
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Technical Advance and Bias Measures

Figures 2 and 3 give a picture of significant change of the short-run
production function. As regards numerical measures of the changes, we

shall here adopt Salter's measures of techical advance and factor bias

(see Salter [16, Ch. 3] and Fdrsund and Hjalmarsson [8]).

" We have chosen to utilize 1979 prices (Paasche index) ana have
calcualted the degree of technical progress and the factor bias for
the three output levels marked out in Figures 2 and 3, 500, 1500 and
2500 ktonnes in addition to 3500 ktonnes and the frontier of the capa-
city region shown in Figure 3. The short-run industry function program
provides us with the current unit costs, C, along the expansion path,
corresponding to the 1979 prices.
The current unit cost reduction from 1955 to 1979 has been around
néO per cent, and increasing from 59 to 64 per cent when moving
from the frontier (i.e. the boundary towards the origin and the axes in
Figure 3) to higher output levels. This way of measuring technical ad-
vance confirms and quantifies the impressions from Figure 2 that tech-
nical progress has been rapid between 1960 and 1965, especially on the
frontier with a unit cost reduction of 26 per cent due to the introduc-
tion of new kilns. Between 1970 and 1974 and 1974 and 1979 the technical
advance slowed down markedly on the frontier, and, during these periods,
technical advance steems from increases in labour productivity. The
advance measures for 1974-79 show the gain for the industry of the rest
of the kilns catching up with the best practice. There are substantial
cost reductions for higher total output levels.
Generally the factor bias measures show a strong labour saving bias.
(Except at the frontier 1965/60 due to the north-west - south-east exten-

sion of the frontier and the 500 ktonnes isoquant in 1960, and on the



2500 ktonnes isoquant in 1974/70 due to the changed slope of the iso-
quants). The optimal energy/labour ratio has increased three to four
times between 1955 and 1979. The results vary somewhat between differ-
ent pairs of years and for different isoquant levels. The change between
1974 and 1970 has been the smallest.

Both the advance and the bias measures depend on the prices chosen.
In order to check the senéitivity of the results the measures have also
been calculated for 1955 prices (i.e. Laspeyre index). The same pattern
for technical advance resulté; but on a somewhat lower level (cost re-
duction 1979/55 0,50-0,42) which is to be expected, since relatively
the price of labour and labour productivity has increased the most bet-
ween 1955 and 1979. The overall picture for the bias measure is the same

as for 1979 prices.

7. STRUCTURAL FEATURES
The Current Cost Function

The Salter technical advance measure utilizes just a few points on
the current average cost curves. The complete average and marginal
cost curves provide us with a comprehensive picture of the change of
the variable cost structure over time. The average and marginal cost
curves are shown in Figure 4.

Figure 4 The difference in absolute cost levels reflects the values of the
Salter technical advance measure in Table IV. The average cost curves
increase.very slowly and smoothly, in all years and are almost flat
in 1979. It is clearly shown in the diagram that the Salter measure
will be fairly independent of the output levels chosen.

The marginal cost curves provide us with a more detailed and richer

structural description. In 1955 there is a marked J-shaped tail of the



marginal cost curve reflecting the upward pointing protuberance of the
capacity region in 1955 shown_ in Figure 3. In 1974 the marginal cost
curve is characterized by a marked step after 30 per cent of the capa-

city has been exhausted. After this level, the marginal cost curve deve-

lops almost parallell to the average cost curve without any upward

turning tail at the end. The first flat part of the curve reflects the
location of the three most efficient plants shown in the capacity distri-
bution, Figure 1. In 1979 the two best practice plants constitute about

60 per cent of the capacity reflected in the flat part of the marginal
cost curve almost identical to the average cost curve. The upward point-
ing tail of the marginal cost curve for the last 40 per cent of the capa-
city corresponds to the distribution of energy input coefficients shown

in Figure 1.

Elasticity of Scale

The evenness of the structure can also be illustrated by the spacing of
the isoquants,measured, for instance, by the development of the elasti-
city of scale along a factor ray. (Note that the elasticity of cost, cal-
culated as the ratio between the marginal and average costs shown in
Figure 4 as done in W. Hildenbrand [12] can no 1ongen'bé interpreted as the
inverse of the elasticity of scale, since elasticity of scale does not
exist uniqhe]y at the isoquant corners and the isocline consist only of
corner points; we must therefore choose another basis for calculating
the scale elasticity.)

From the classical theory of production it is well known that we
have the following relatibnship:
oX 9X

=3V, Vit W, Vo = ayVy + a5V,

(%) eX
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The first equation is the passus equation in the terminology of
Frisch [4]. € is the elasticity of scale function which is discontinu-
ous at all corner points. The second equation follows directly from
the shadow price interpretation of the variables 9, and q, -

Thus, to be able to calculate the scale elasticity it is necessary
to find g, and g, . This is done by utilizing the fact that Eq: (3) holds
with an equality sign for marginal units. In the two-factor casés there
must be two marginal units on every isoquant segment; the utilization
rate of one is increasing and that of the other decreasing. On each
segment we then have two equations (3) in the two unknowns 9, q,. Obvi-
ously the scale elasticity is constant along an isoquant segment.

Table V In Table V the development of the elasticity of scale is shown for
the average factor ratio for each isoquant level. When the factor ray

is outside the substitution region we have chosen the values of the

scale elasticity of the bordering isoquant segment in question.

The maximal value of the e]astfcity of scale is 1, Intuitively,
one should expect the highest values for the first part of the sub-
stitution region and then decreasing values as less and less techni-
cally efficient units have to be employed. However, Johansen ([13],p.67),
analyzing continuous capacity distributions, points éut that ''not much
can be said in general about the variations in €. In particular e does

not necessarily decrease monotonically with increasing output. It is

easy to conceive of [capacity]distributions....which are such that ¢
first decreaées but later on passes through both increasing and decreas-
ing phaseé as output....increase;, although this may perhaps not be
very realiétic in practice''. However, even though the general tendency
is for values to decrease, we observe also increasing phases of the

scale elasticity for all years except 1979, Thus, this may be the gene-

ral case and not the exception, at least for discrete distributions.



Even if the elasticity of scale is calculated along a factor ray
it turns out that the values shift downwards at the same output levels
at which the corresponding marginal cost curves shift upwards in Figure b,
The impact of the best practice units in 1979 for the industry perform-
ance is clearly exhibited by the almost unity values of the scale elas~
ticity corresponding to the flat part of the average cost curve in
Figure k4,

As regards the variation of the scale elasticity along isoquants
our results indicate that it is fairly limited. Thus, the general ten-
dency of the results in Table V is fairly independent of the chosen

factor ray.

Efficiency

As measures of structural efficiency we can compute the utilization

of observed total input in relation to potential input on the short-.
run function and also the adjustment of input proportions to relative |
prices. We must again remember that important factors in the real indu-
stry optimization are excluded here,especially transport costs.

By compgring "actual' costs (i.e. costs imputed by the observed
average input prices for the respective years) with the costs of pro-
ducing the same output with the same observed factor ratio on the short-
run function, a measure, analogbus to Farrell's measure of technical
efficiency, is obtained. By further comparing these last costs with
the minimal cost along the isoquant corresponding to actual observed
output we obtain a measure ana?obous to Farrell's measure of price, or
é]?ocative efficiency. THe product of these measures yields Farrell's
overall efficiency measure. (See Farrell [3] and Férsund and Hjalmarsson

[6 and 9 ]). The values of the efficiency measures are shown in Table VI.



Table VI

In all years except 1979 the efficiency values are very high, parti=-
cularly in view of the fact that transport costs are excluded. This is
most surpriéfng in 1974 where the low degree of capacity utilization
should affect the technical efficiency value downwards. The adjustment
to relative prices was almost perfect even in 1974 with its considerably
wider region of éﬁbétitﬁt?on. The overall efficiency measure indicates
that a ''perfect' optimization should yield less that 3 per centlcost
reduction in 1974, in spite of a very low capacity utilization. One
reason for this high efficiency level is that in 1974 the Swedish cement
industry became a monopoly with an elaborate production model for short-
run optimization. In 1979 the relatively low value of technical effici-
ency was dQe to the very low degree of capacity utilization of the

largest unit which came on stream that year.

8. CONCLUDING REMARKS

In this article we have performed an analysis of industrial structure.
and structural change for an industry consisting of well defined pro-
duction units. As an alternative to a traditional production function
analysis we have developed Johansen's [13] approach into an operational
framework for our purpose. In comparison with highbfow econometrics
of empirical production theory this approach may seem less sophisti-
cated. (Cf, Johansen [13] p. 1;) On the other hand it yields a deeper
insight into the nature of the development of an industry.

The empirical results show that the process of structural change
of the Swedish cement industry has been characterized by a substitution
‘process from labour towards energy in combination with a rather rapid
cost reducing technical progress. This development is due to long run
ex ante substitution possibilities and increasing returns to scale bet-
ween capital and labour/energy when introducing new techniques, and

disembodied improvements especially as reqards labour saving.



TABLE 1

THE SWEDISH CEMENT INDUSTRY 13955-1879

Year Capacity Output Capacity No of
ktonnes ktonnes utilization kilns
) per cent

1955 2507 2502 : 100 18

1960 2962 2797 9k 20

1965 3744 3846 o 103 ’ 23

1970 L6y 3968 80 25

1974 L579 3738 82 20

1979 3561 2099 59 9




TABLE 11|

FACTOR PRICE DEVELOPMENT BETWEEN 1955 AND 1979
1955 INDEX = 100

Year Labour Energy Re}ative
price

1955 100 100 1

1960 142 110 1.29
1965 213 95 2.24
1970 294 84 3.50
1974 510 364 1.40
1979 963 540 1.78




TABLE

[N

ARC ELASTICITIES OF SUBSTITUTION. OUTPUT LEVEL 1500 KTONNES

V; V;+2 ( V; _ V;+1 ) V§+1 _ V;+2
el i
+

(V? V?-;-Z Vs{-ﬂ V? V&;:+2 V?

s s
where V1 ,V2

is the number of corner points along the isoquant.

)

are the coordinate values at corner point No s where S

Isoquant
segment pair
No ) 1955 1960 1965 1970 1974 1979
1 ~2 2 4 006 575  0.05
2 0,03 —2) 3245  8.31  0.10
3 0.01  0.05 0.48  1.96  0.75
I 0.03 0.12  0.85  0.06
5 9.43  0.69  0.04  0.31
6 0.10  14.46  0.11
7 0.05 0.07  0.52
8 0.08  1.53 247.47
9. 0.04  2.12
10 0.26  0.05
1 3.23

1) From upper boundary

2) Virtually vertical isoquant segment



TABLE 1V

THE SALTER TECHNICAL ADVANCE MEASURE T, AND THE SALTER FACTOR BIAS

MEASURE, Dg » IN 1979 PRICES
C

t2 _

T = —% , C, = MINIMIZED COST IN YEAR t,
(Ct ) x=x° t '
1
Et2 Lt1
1 27 X=X
Output levels, X, in 1000 tonnes
Frontier 500 1500 2500 3500

Year T Dey T De, T D, T D¢, T De,
1960/55 0.84 2.01 0.82 1.5 0.83 1.13 0.82 1.15 =~ -
1965/60 0.74 0.88 0.79 0.8 0.80 1.43 0.78 1.51 - -
1970/65 0.82 1.82 0.78 1.65 0.78 1.33 0.82 1.38 0.83 1.32
1974770 0.90 1.04 0.89 1.20 0.91 1.02 0.93 0.90 0.94 1.03
1979/74 0.90 1.31 0.89 1.30 0.82 1.4 0.74 1.55 0.76 1.58
1979/55 0.41 L4.41  0.40 3.41 0.38 3.19 0.36 3.36 - -




TABLE V

THE DEVELOPMENT OF THE SCALE ELASTICITY ALONG THE AVERAGE FACTOR RAYS

Average
factor
Year 500 1000 1500 2000 2500 3000 3500 4000 4500 ratio

Qutput levels in 1000 tonnes

1955 0.99 0.95 0.96 0.84 0.85 - - - - 0.087
1960 1.00 0.96 0.97 0.90 0.88 - - - - 0.098
1965 0.99 0.96 0.97 0.92 0.92 0.84’ 0.83 - - 0.147
1970 0.96 0.92 0.93 n.84 0.86 0.83 0.83 0.83 0.83 0.197
1974 0.93 0.88 0.91 0.81 0.83 0.84 0.84 0.83 0.79 0.210
1979 1.00 0.95 0.99 0.99 0.8 0.92 0.81 - - 0.315




TABLE VI

ESTIMATES OF EFFICIENCY

Technical Allocative Overall
Year efficiency efficiency efficiency
1960%) 0.98 1.00 0.98
1970 0.95 0.998 0.95
1974 0.97 0.99 0.97

* % KK

1979 0.88"") 0.97"%) ~
*) In 1955 output is equal capacity and the efficiency measures

**)

***)

are equal to one and in 1965 observed output exceeds capacity.

Since the observed average factor ratio lies outside and above
the isoquant for the observed output level, we have compared
observed costs with the computed costs at the boundary corre-
sponding. to the observed output level. Thus this measure is
not a true Farrell measure of technical efficiency.

The minimum costs are compared with the costs at the border
of the same isoquant.
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COST FUNCTIONS
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Abstract

The purpose of thié article is to provide a deeper empirical insight
into the structural change of an industry which is more fe]evant than
that obtained by an analysis based on the traditionally estimated
average prodﬁction function. The main contribution is a long run ana-
lysis of technical progress and structural change by means of the
short-run industry prodhction function introduced by Johansen, and
based on micro data for individual production un}ts. For that purpose
we have developed Johansens approach into an operational framework
for discrete capacity dﬁstributions including a special algorithm for

the computation of the short-run industry production function.



Notes:

1) A full description of the algortihm with 1974 as a complete
numerical example is available and can be obtained upon request.
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