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SUMMARY OF THE PROBLEM TO BE PRESENTED .. ..,

The purpose of this research project is to provide a better

understanding of the medium and long 'term developmen:t af. . -

industries for the planning and decision-making in firms,

. economic ol:ganizaLioua, f1nanoial 1nntitutions and the

publie sector. The pre~ent study, which 1s one af the

kernel parts in 'the project, is confined to an examination

of the structure and structural changes at the industry

level. By structure we roean the distributian af the rela­

tive perfarroance (efficiency) af the plants within an

industry.

The problero of this study has been divided into major sub­

problerns, e.g.: ·the econoroic forroulation of the target of

the study, the roeasurernent of the distribution of the rela­

tive perforroance within an industry, the behaviour af the

roeasure derived when a) the rate of capacity utilization

fluctuates and b) the xndustry concerned is expanding/

stagnating, possibilities to identify the factors causing

structural changes etc. - The iroportance of the measurement

af pressures on structural changes within an iridustry when

preparing developroent projections is considered in Chapter

3.

This study can be classified as an industrial analysis,

and from the rnethodological point of view it be10ngs into

industrial econoroetrics. Tt concent~ates on a very detailed

level within an industry which is assurned ta be rather

homogeneous. The fraroework developed is dynamic and inte­

grates roicro and macro levels using Johansen's (1972)

'.
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approach, which f1exib1y and rea1istica11y describes

different indus'trial deve1opme?t processes and can he

used analogously to Day~s (1963) recursive programming

models. The adaptive nature will be emphasized but the

behavioral and managerial theories of the firm will not

be included in the theoretical framework at this stagc.

These will be diseussed together with Leibenstein~s (1966)
. ,

X-ineffieieney at the end of the study when explaining

reasons why the concept "structure", as defined in this

study, does exist.

The measurernent rnethod used can be deseribed as an exten-,
sion af Salter~s industry madel operating with the dis-

tributian of produetivity of only one faetor of produetion.

Our atternpt is to estirnate the total effieieney of pro­

duetion by using produetion and eost functions. We use

alternative functional forrns and non-linear estimation

instead of Cobb-Douglas functions and linear (after loga­

rithmic transformations) rnethods used in previous studies.

The behaviour of the distribution of the effieiency indi­

cator is exarnined in different situations. The theoretical

framework will be carried out at a general level appli­

cable to alI industries.

The nature of the preliminary empirieal examination is

experimental. We apply our framework to four rather homo­

geneous sub~branches of the Finnish pu1p and paper indus­

tries. Dynarnic aspects have been emphasized to the extent

that cross-section data for only one year cannot be con­

sidered sufficient. We utilize primary data at p1ant

level for the period 1960-1975.

Fields of potential eontribution include the economic

Iormulation ef the problem, generalization of the effi­

cieney estimation methods, arrang~ment ef a test situation

I
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af a new kind, emphasis ef the dynami~ appreach and the

theery ef adaptive precesses and analysis ef the results

ebtained from an industry which is ef great importance

ta the Finnish econerny.

c,

",

'.

..



.:_ ~o."'-)o....t.._.a...r__ ......· .... _-... o. ~~••.••-.... .. --..-._•• "'__._0_...... ~_._

7

2. PURPOSE AND PROBLEMS OF THE STUDY
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The p u r p 0 s e of this research project is to provide

a better understanding of the many .forces determing the

development of indust~ies through time, particularly

changes in production, investment, technology and praduc­

,tivity. We try ta improve methods used in medium and long

term industrial projections which are relevant in förmu­

lating industr.ial poU.cy by the publie sector or economic

organizations as well as in planning the future of the

firm by managernent. In order to understand the medium and

long terrn development we also have to deal with sorne short

term implications, especially when evaluating the accuracy

of the data and.measures from the cross-section datal ).

This may provide sorne background information on fore­

casting the cyclical development of an industry. - An

atternpt to project the development of an individual in­

dustry will be the next step in the future.

The present study, which is one of the kernel parts in the

project, is confined to an examination of the structure

and structural changes at the industry level. By structure

'we mean the distribution of the relative performance of

I
1) Almost alI previous empirical studies have used cross­

section data because it is rather difficult to get
detailed time-series data needed by an industrial
analysis of this kind. The importance af short term
factors affecting the adjustment to longer term in­
dustrial change is emphasized e.g. in Hughes (1976),
p. 3.



the plants'or firrns within an industry1) 0 The p rob 1 e m

of this study can he divided into the fo11owing rnajor

subprob.lems~

10 Definition ~f the term "structure" most re1evant

to this study and sources of information on the

s'tructure af an industry and its changes ta

facilitate th~ analysis and projections af the

deve10prnent processes af industries.

2 Q One of the more spec:Lfic prob1ems 18 'the' measure­

ment of the relatiye performance (efficiency) of

estab1ishments within an industry, in order to

obtain a pic,ture af' 'the s trucblre of 'the industry

concernedo This problem can be divided into the

economic part and the statistica1 one.

30 Behaviour of the indicator df structura1 change

when:

a) The industry concerned is expanding or stag­

nating.

b) The rate'of capacity uti1ization af the industry

f1uctuates e.g. caused by business cyc1es 2 ) •

To this sarne prob1ern group, which we tack1e by

using Johansen~s short-run macro production func­

tions~ framework3), be10ngs two more points:

1) For definitions and further discussion about " s tructure ll

and re1ated concepts, see Hja1marsson (1973) 0

2) The importance of this prob1em is due to the fact that
in the empirica1 work of industria1 ana1ysis usua11y
on1y cross-section data from very few years is avai1ab1eo
We are therefore intrested in the sensitivity af aur
measurement to business cycleso

3) See Johansen (1972), pp. 13-19.

'.
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c) When demand deelines, how does the industry

reduce its capaeityl}?

d) How daes the difference between best practice

and average practice2 ) vary as the rate of

capacity utiliz~tion varies?

4~ 1s it possible to identify factors wh1ch have

caused structural changes 1n the industry

(technological change, changes in the relative

prices af the main inputs, or both)?

5. Empirical co~parisons of ex ante and ex post pro­

duction functions and use af this information in

forecasting the- (technological) development of

an industry.

• J 6. What happens - and in which circumstanees - to the

establishrnents fallen into the group of the least

efficient ones (do they elose, invest and inerease

effieieney, rnerge with rnare efficient establish­

rnents etc.)?

1t is neeessary to illurninate. these six problems and to

explain them rnorethoroughlyon the basis of a dynarnie pro­

duction and eost theory3} in order to inerease the pre­

dictability of development processes at the industry level.

AlI these problems will be eonsidered in the framework

to be built up in this study.

1) E.g. does the industry use at very low levels ef output
only its most effieient plants and take less effieient
units in use when the output rises? _

- '".

2} These eoncepts will be introduced in the study.

3) " .•. a study of the d y n a rn ies of production of
a seetor requires a study of how the short-ru~ produc­
tion funetions ehanges through time", Johansen (1972),
p. 26. The approaeh "dynamie production theory" adapted
in this study is the same as in Johansen (1972), see
pp. 137-184 and Hjalmarsson (1973) and (1974).
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When seeking a solution to the above problems, there is

the vital constraint that it will be necessary to compile

the measure from statistical data collected regularly

among industries, e'.g. the Industrial Statistics. If we

did not have this data constraint, we could solve our
. 1)

measurement problem by using management ratios • There

are, however, many practical difficulties. UsuaIIy man­

agement ratios are derived from the accounting inforrnation

(baIance sheets etc.) of firmswhich eften consist ef

several plants beIonging to different industries. Buch

data is therefore applicable only ta the study of the

behaviour of firms, and conclusions concerning the indus­

try level would be limited ta a few special cases2 ) ?

Other restrictions are the poor cornparability of data

taken from firms in different countries, large resources

needed in pre-hand1ing the data and the need for extra

information which usually cannot be obtained from alI

firms in the sample we are intrested in.

1) See e:g. Summa (1975), Summa and Ylä-Anttila (forth­
coming) and Teague and Eilon (l973).

2) In the main sample employed by Su~a (l975) and Summa
and Ylä-Anttila (forthcoming) it was possible to group
relatively pure forest industry firms together and
derive some conclusions at the industry level. However,

'changes of management ratios in the sub-branches could
not be identified. The other sample, where forest
industry firms had diversified to other industries,
emphasized the sensitivity of results to different
timing of business cycles of various industries.

\ ~

.. '



3~ IMPORTANCE OF THE TOPIC

II

. ,

..

The rapid growth·of the need and use of medium and long

-term forecasts at the industry 1eve1 was a1ready mentioned

in the introduction. In this chapter, the relevance of

one lirnited problern - the relationship between structural

changes and growth of one particular industry - will be

exarnined in detail. After arguing for the topic, the

importance of the problerns presented in Chapter 2 will be

deal·t with, and finally, the irnportance of the ernpirical

part of the project wi11 be assessed.

When describing and projecting industrial developrnent,

prior research has been focussed almost entirely on the

assessrnent of dernand developrnents and avai1ability of

resources (rnain1y investrnent prospects and the 1abour

force) based on earlier deve1oprnents l ). No explicit atten­

tion has been paid on the structure of the industry and

the ensuing pressures for changes 2 ). The n e e d to

adjust the industry~s interna1 structure to environmenta1

changes (the structure and growth of demand, changes in

the cornpetitive position, technologica1'deve1opment,

changes in relative prices of inputs etc.) should, how­

ever, form the very basis for the projections.: the

c h a n c e s of adjustrnent (like avai1abi1ity of invest­

ment and 1abour recources), which genera1ly tend to draw

l} See e.g. the Industria1 COlnrnission 1975, NEDO (1973)
and IUI (1971).

2) Efforts of this type by Wohlin (1970) and Ribrant (1970).



the main attention, will be included in the examination

as major subfactors at the next stage. This study aims

at filling an important but neglected gap in the set of

concepts, theories and analytical tools needed to measure

the pressures for structural changes within an industry

when preparing development projections.

The increasing need for information on the structure and

its changes is also due to a stronger pressure ~a be able

ta follow the perfo~mance levels af the same industries

in competing countries. With theremova~ af economic bar~

riers in international trade such countries have grown more

numerÖUs. Increased international competition has forced

almost alI industries into structural changes, but in

some industries l ) the consequences (e.g. balanced regional

and manpower developrnent) have been so strong and rapid

that the governments have been obliged to take economic

and industrial policy measures. It is not possible ta

overemphasize this kind of Iesearch in the planning on

which the publie sector~s conscious measures of restruc­

turing are based.

Chapter 2 presents as its first problem the need ta obtain

infarmation on the structure of an industrial branch and

the changes therein, to facilitate the understanding and

projection of the development processes. In a number of

development projectians, structural changes have been

excluded, obviously because the necessary fundamental

theory and set of tools are not adequately developed (e.g.

as compared'with investment and demand theories). The for-

rnulation of the theoretical background is also a necessary

prerequisite to the following targets which pertain to

applied research.

1) E.g. in the United Kingdom textiles, steel and car
industries and the shipbuilding, see Hughes (1976),
pp. 11 and 59.

'. '
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It is necessary to develop a rneasure to describe the

structure of the industry at different stages if a dynarnic

develapment process is to be fallawed. The iluportance af

creating an operational rneasure is not, however, confined

ta an exarnination ef ene particular industry: it may be

useful when comparing different industrial branches and

examining the impact ef external factors en the structural

develapmentl ). The suitability ef the measure as an ana­

lytical taol presupposes that its behavieur indifferent

situations is known as well as possible. Althaugh the

effects af variations in the rate of capacity utilization

and the degree af expansion/stagnatien of a branch are af

great importance, they have nat been sufficiently examined

in previouq studies.

• J

I J

i

The abjects presented abeve are treated at a general level,

50 that the theeretical framewark and the measures can be

. applied ta any industria1 branch. In the empirical part

af the study, the suitability of the analytical tools is

tested an four branches af the Finnish forest industries,

on the basis af data by estab1ishment for the period 1960­

1975. These data provide a better opportunity to develop

and test necessary analytical methads than those used in

previous studies2)~ The stimu1i obtained from the testing.

will be used for the further development of methods, before

extending the research to other industrial branches.

Bearing in mind the role played by the forest industries
/

1} See e.g. Carlsson (1972).

2) Compare with Aigner and Chu (1968), Farrell (1975),
Carlsson (1972) and F~rsund and Jansen (1974) which
have used only cross-section data of one year. An
attempt to use both cross-section and timeseries
data is in F~rsund and Hjalmarsson (1976).
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in the 'exports, investment and 1abour of the tota1 Finnish

industryl) 1 the information gathered on struetural ehanges

in the forest industries and their predietability ean be

regarded as a valuab1e resu1t in itse1f. This i5 an aeute

real problem whieh eeonomists and industria1ists are fae ed

with when ealeul?ting the need o~ the investments, strue~

tura1 ehanges in produetion eapaeity and inerease of

inputs usage arising from the output growth foreeasts as

presented e.g. the Industrial Commission 1975 in Finland

and Wallden (1976) and from the forest industry firm~s

investment p1ans both in new eapaeity and eonversions.

The field ofthe present study eomprises a vital part of

the preparation af medium and long term projeetions for

an industry. So far 1itt1e informatian of this kind is

avai1able and further research is thus needed.

1) Wallden (1976), ehapter 2 presents a detai1ed picture
of the importanee of the pu1p and paper industries to
the Finnish economy.

'.
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4. IlliVIEW OF PREVIOUS RESEARCH ON THE TOPIC

The major studies in the same field can be divided into

deve10pment projeetions, designed for deeision-making',

and more theoretieal studies; often ineluding an empirical

part. The objeetives, the 1eve1 af aggregation, the data

and methods used and the eontributian to industrial ana1­

ysis are emphasized rather than the empirieal results of

the studies reviewed.

../

J I

4.1. Deve10pment projeetions for industrial po1iey

planning and deeision-making and for management

.. In the Nardie eountries, projeetions for the industrial

deve10pment at the industry leve1 have been prepared sinee

the late 1960s, main1y in order ta provide information

far the p1anning of the publie seetor. In eonneetion with

this wark, attempts have alsa been made to deve10p anal­

ytiea1 methods. Ribrant (1970) defined the eoneepts and

analytieal methods in his examinatian·of the impaet af

scale distributions and differenees in the structure of

praduetion easts between different establishrnents within

one partieu1ar industry. In his study, the optima1 strue­

ture af an industry is defined, and light is east on

differenees between alternative develöpments and the

optimal development. The analytiea1 method has been applied

ta eight Swedish industries. No quantitative projeetions

have been presented, but the impact af structural factors

on the deve10pment of different industries has been esti­

mated in the ernpirical part af the study.
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Methods and structural factors have also been dea1t with

in outline in the projections by industries published by

Industriens utredningsinstitutl ) (1970) and (1973); in

these, the main attention is focussed on the evaluation

of the results obtained through an inquiry comp1eted

among enterprises~ In the medium-term projection issued
- -

in 1976 bY,the same institute, prob1ems concerning

structura1 changes and differences in productivity håve

been examined by means of Sa1ter-diagrammes. The deve1­

opment estimate published by Statens Industriverk2 ) in
. . ",' -).

1976';in-troducesa _,:production function examination as
.. ,,,,'-:. .

, .
an addition to previously used analytical methods. It is

used for examining the industry as a whole and its fifteen

branches by means of time-series data for the period

1961-1972.

In his study, Du Rietz (1976) has examined structural

changes in Sweden in 1954-1970 in the manufaeture of

p1astics, the manufaeture of primary metals and engineering.

As factors affecting a structura1 change, Du Rietz examines

the firms~ entry, exit and growth. In this preliminary

report, the analysis remains on a descriptive leve1, being

confined to a presentation of the compilation of data.

Cockeri11~s study (1974) is con!ined to internationa1

comparisons between the structures and performances o~

one particu1ar industrial branch - the steel industry.

The study begins with a comparison of the structure and

recent performance af the steel industry i~ different

countries. Then the evidence on the sources and the extent

1) The Industria1 Institute for Economic and Social Research,
Stockholm, Sweden.

~) The National Industrial Board, Sweden.

-.
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of economies of sca1e in industry are reviewed. The

findings are ernployed in an original assessment on the

technical efficiency af steel production in each country.

The relationship between these efficiency levels and the

recent trade performance is examined. The main policy

alternatives for increasing the efficiency ef steel produc­

tion are a1so dealt with. The study is cornpleted by de­

tailed individual studies of each country, based on exten­

sive fieldwork and comprehensive theoretica1 backgreund

information.

In the study by George and Ward (1975), the structures ef

the British industry by branches and ef those' of the major

EEC countries are cornpared on the basis of industria1

cencus data for 1962-1963. The distributien by concentra­

tion and size is exarnined on both the corporate and the

establishrnent level. The study also ana1yses the growth

and productivity perforrnance ef the British industry over

the postwar period, with particu1ar reference to the

perforrnance of industry in West-Gerrnany.

The report edited by Panic (1976) ana1yses and compares

changes in the structure and performance of the UK and

West-German industries using data from industria1 and

trade statistics and national accounts. Disaggregation to

the industry level was needed because the ebjective "was

to try to answer the question of whether the relatively

inferior performance of UK industry ••• is due to the
,~

inferior performance in certain key sectors which account

for a large proportion of the tota1; or whether the rela­

tively poor performance is characteristic of more or,less

alI the major industrial groupsnl). The problems of corn­

parability between industries in

1) Panic (1976), p. iv.
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different countries in this kind of economic ana1ysis

have a1so been discussed. In measuring the level of

performance TIot only Jndices of classical labour produc­

tivity but also indices of total factor productivity were

constructed and compared.

To the same group of studies comparing the development

of an industry in different countries also belong two

recent reports by Pratten (1976 a and 1976 b) ~ Pratten~s

main objectives have been the same as Cockerill~s, George

and Ward~s and Panic~s but due to the different approach

and data base, it completes the set of'research reviewed

here. Pratten~s attempt has been to examine the reasons

for differences in performance and competitiveness be­

tween the UK and other advanced manufacturing countries.

When the studies reviewed above have used mainly data

taken from industrial statistics, Pratten has hased his

study on the data published in company accounts and in­

terviews with manag~rs of companies. The usage of company

data is the reason why Pratten cannot derive conc1usions

at the industry level as the others have done.Another

main difference with the studies aboveis that when the

classical framework based on the theory of the firm has

beeu implicitly accepted by others, Pratten emphasizes

more behavioral theories and institutional aspects. 80

the concepts, results and conclusions of Pratten~s research

seem to be more operational, concrete "and intresting for

management while the other studies contribute rnore to the

decision-making at the industry level.

In Pratten~s (1976 a) first report labotir productivity at

the UK operations of international companies was compared

to labour productivity at the overseas operations of these

companies. The main argument for a sample like this is

that international companies are expected to know how

"..... ".'
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labour productivity varies between their operations in

different countries, and the reasons for any differences.

In this research situation a number of important factors

affecting labour productivity are re1ative1y constant, 50

that it is possib1e to is01ate the effects of other

influences on productivity1). The sma1l number of obser­

vations made it impossib1e to use an industry breakdown.

The second report by Pratten (1976 b) compares the per­

formance of fifty Swedish companies and a simi1ar number

of UK companies which were the nearest matches for the

Swedish ones in terms of product mix. A single unifying

economic explanation for the differences in performance

was not discovered.

The objectives of the study ." Industrial review to 1977" ~y 'tae
.. -

Nationa1 Economic Development Office (NEDO) in England 1J73 are

to identify .the problems that e1even major British industries might

expect to encounter in raising their output and improving

their economic performance and to pinpoint areas of

structura1 change. The study by Bacon and Eltis (1974),

"The age of US and UK machinery", published by NEDO,

provides materia1 for vintage-effect studies; 50 far this

material has TIot been used for studies of structura1

changes based on production functions.

The industrial-economic research team of SITRA2 ) published

in 1970-1971 reports'on the international competitiveness

af ten industria1 branches in Finland. In these reports,

the internal structure of the branches was considered by

the distribution af productivity and production costs as

wel1 as by the rate of utilization of economies of sca1e.

1) Pratten (1976 a), p. xi.

2) The Finnish Nationa1 Pund for Research and Development,
SITRA.
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The study by Summa and Sääski1ahti (1974) analyzed the

structure and growth of tne manufaeture of machinery in

Finland in 1954-1971, and assessed the prospects for

expansion in this industry unti1 1980. The measurement

of the efficiency of the use af factors of production in

the discussed branch as compared with other industria1

branches and the development af techniques for analyzing

cyc1ica1 fluctuations were ancillary targets.

In the studies by Summa (1975) and Summa and Ylä-Anttila

(forthcoming) the average levels af profitability in the

Finnish and the SWBdish forest industries in the 1970s

have been compared by ca1cu1ating several management

ratios from data compi1ed by enterprise. One incentive to

start additional studies was the observation that sub­

stantia1 differences might occur in the ~verage prafita­

bi1ity over several years between twa enterprises with

similar product selection and similar operating environ­

ments. Furthermore, the studies pain·t to the fact that

investments in Finland and Sweden in the discussed branch

have cent~ed on different years and that the ensuing

structura1 differences may be one af the major reasons

for 1arge diffrences in profitabi1ity between the two

groups compared.

One af the targets set by the Industrial Con~ission 1975

in Finland was to forecast industrial development by

industries for 1975-1985. In the Commission~s report,

attention is paid on 'differences in the a11ocation of

resources between industries. However, the assessment of

changes in the interna1 structures'of industries has been

1eft implicit. In fact, the impact af these internal

structura1 changes on growth estimates for an individual

industry and the industry as a who1e can he significant F

as they affect investments and chances to increase labour

productivity.

. ,
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The reports and projeetions treated briefly above have

mainly been designed to serve praetieal deeision-making

purposes; they also deseribe, however, the same problems

and environment on whieh the present researeh projeet

hopes to east more light. The stimuli and ideas whieh

started this projeet arose from these reports. In most

of them, the problems of struetura1 ehanges in industries

forrn the central basis, but the laek of analyti~a1 tools

and experienee in using them has foreed eeonowists

to avoid this important field.

4.2. Theoretieally oriented studies

.. ,

In the fo11owing, more theoretiea11y orientated studies

wi11 be diseussed. After exarnining alternative approaches,

the theoretical basis for using produetion funetions in

deseribing the struetural ehanges is considered. Attention

will also be paid to studies which attempt to measure the

strueture of an industry by means of frontier production

funetions.

At least three different approaches which take into aceount

the impact of structura1 changes have been used for deve1­

oping models to deseribe the behaviour of an industry.

(1) The framework used by SITRA~s (1971) industrial­

economic researeh team sumrnarizes the effeets of the

industries~ internal structural factors and those of envi­

ronmental factors into one indieator (a kind of total

efficieney measure) describing the result of activities.

Although this approach has proved flexible in praetical

industrial analyses and projections, the possibilities to

deve10p it further are limited, because it would hardly

be possible to earry out a eomprehensive quantitative

examination by means of the data and theory employed in

this approach.
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(2) Models at the industry level have been developed,

i.a., at the Wharton School. These models share the

feature that they have been linked with and they are being

used with macroeconomic short-term forecasting models.

Adams and Griffin (1969) have constructed a mode1 which..
recognizes seasonal patterns, cyclical movements and

1ong-term trends in the United States petroleum refining

industry. The model is intended for simulation and pre­

diction over the business cycle. The specific aim of the

refining madel ·is to forecast demand,· the supply respons~s

of the refiners, inventory adjustment, and petroleum

product prices. The same kind of framework has been app1ied

by Adams and Blackwell (1973) to the United States forest

industries. The study of Higgins (1969) consists of a

comprehensive investigation of demand and production

relationships for the U.S. steel industry, as an aggregate,

in the post World War II period. In his study, the main

emphasis is lald on the structure, but a suitable basis

for forecasting is also provided. The performance of the

steel industry is analyzed in a way that i8 consistent

with aggregative variables taken from the Wharton Model.

The Wharton School has also developed other "sate11ite

models to show how microeconometric research.can be carried

out in contrast to and complementary with our principal

activities in macroeconornetrics"l) •

(3) As a third approach using rnodels at the industry leve1

we should mention the models by Day (1975b) and his research

team which based on recursive linear programming (RLP).

The basic prernise in these studies of industrial behaviour

is that decision-rnakers with incomplete knowledge constrain

themselves by behaviora1 ru1es that afford protection fro~

1) See Klein (1971), p. 1.
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errors of estimation and forecasting, and that these

maximizing plans roll: from time to time new pIans are

made on the basis of new information and old pIans for

the future are disearded in favour of the current concep­

tion af optimal ehoiee. What makes these models realistie

is the fact that they are linked with the environment

through demand and eost faetors. 1n the use of the models the

adaptivity of deeision-making is of great importance,

beeause the assumption that deeision-rnakers posses full

information is generally not valid when eeonomie theory

is used to formulate the development of an industry.

1n a number of empirical applieations, Day~s models have

proved promising, but their use is constrained by the

demands set on the data needed: detailed engineering data

are neeessary fo~ construeting a teehn~~ogy matrix,. and

these ean often be obtained onlyfrorn nrocessing inaustries.. -
1n fact, Day's approaeh was considered not to be- suitable

for the present researeh project, beeause the acquisition

and eompilation of the data would have required too large

resourees. However, it is intended to incorporate in the

study a few central ideas raised by Day~s use of adaptive

proeesses.

Studies in which the structure of an industry and its

ehanges are dealt with on the basis of produetion theory

will be exarnined next. They have not led to eomplete

"super" models, like the abovementioned r but consist of

approaehes linked with·~aeh other through micro-production

theory. Unlike most of the previous studies, Salter (1960)

examines the strueture of an industry and TIot only the

average produetion funetion. Salter takes into aceount

how effectively different production units of the industry

utilize their inputs; this ean be deseribed, e.g., by .

means of input coeffieients. The so-called SaIter-diagrammes

. are often used for describing the effieiency distributions

"
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af individua1 production factors. When describing the

growth process of an industry, Sa1ter aims at providing

a dynamic picture. The empirical part inc1uded in Sa1ter~s

study is based on industria1 statistics of the United

Kingdom for 1924-1950 and those of the United States for

1923-1950. Although a microeconomic approachto produc­

tivity, investment and technological change was proposed

and tested by Sa1ter, this field has not'been taken up

by many economists.

Farre11~s artic1e (1957) 1aid the methodologica1 foundation

for the most recent empirica1 studies'of efficiency. Three

methods have been used for estimating'Farre1l~sconcepts

of price, technica1 and avera11 efficiency: the isoquant
I

method suggested by Farre11 (1957), the profit function

approach used by Lau and Yotopou1os (1971), the production

function approach proposed by Aigner and ehu (1968) and

used by Timmer (1970).

The isoquant method involves the estimation. af either a

unit isoquant as origina11y suggested by Farre11 (1957),

thus imp1icit1y holding scale constant; or as advoca-ted

later by Farre1l and Fieldhouse (1962), a fami1y of iso­

quants through the grouping of observations according ta

output. The main difficu1ty with this approach-is

to a110w adequate variations in the sca1e of output.

In the original formulation, the problem of scale economies

is ignored altogether. In the later version, sca1e is a

discrete, not a continuous, variable. If the firms in a

given industry are distributed even1y throughout the

whole size spectrum, the se1ection af isoquants for esti­

mation is essentia11y arbitrary, and the efficiency rneas­

ures obtained would therefore a1so be somewhat arbitrary.
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The profit function approach avoids the scale problems

associated with the isoquant approach. Defining "profit"

as the difference between the value of output and the

value of variable inputs (fixed inputs are excluded since

they are regarded as given and hence do not influence

the level of output at which profits are maximized), and

assuming profit maximization, Lau and Yotopoulus (1971)

show that profit can be presented as a function of the

price of output, the prices of variable inputs,' and the

quantities of fixed inputs. By normalizing with respect

to the price of output,"uni,t output price profit" is

~hown to be a function of variable input prices and

amounts of fixed factors alone. It is not possible to

distinguish empirically between technical and price effi­

ciency by this method. Lau and Yotopoulos have appIied

this technique to data for Indian agricuIture 1955-1957 •

The Aigner and ehu (1968) technique involves estimating

a frontier production function and measuring the distanc~

from each observation to the frontier. Their approach is

a Iinear or quadratic prögramming method, where the

function is fitted to data by minimizing the sum of devia­

tions subject to the constraint that alI deviations are

of one sign 50 that ,the function is an efficiency frontier.

The basic differences between this technique and the

profit function method are that no input or ~utput price

data are required r and that no firm specific intercept

term needs to be estimated in the production function

technique. Efficiency comparisons are based on analysis

of residuals1 ) •

1} See Schmidt~s (1976) note on Aigner and ehu (1968).

. . '.' ." ........ ~ ." ---.:.' .., .. ",,,,0 J •
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In order to reduce the possibility of outlying observations

distorting the estimated frontier, Timmer (1971) introduced

a "probabilistic" frontier concept. The basic technique

is to eliminate a certain percentage of the most efficient

firms in the sample as indicated by the observations on

or near the frontier estimated for the entire sample, then

to re-estimate the function without these extrerne obser­

v~tions. Co~parisonsbetween these esti.mates and average produc- ' ,"

tion functions obtaihed by regression analysis of the same

data revealed that the adjusted frontier functioris came

much closer to the average functions than did the unad-

justed frontier functions. The adjusted frontiers were

found to have essentially the same input coefficients

as the average functions, although they had higher inter­

cept terms than the latter, indicating neutral upward

transformations. of the average functions. Timmer used

aggregate farm data for the eight-year period 1960-1967.
, ..

Johansen (1972) installs in his study the dynamic theory

of production through an integration of micro and macrol )

and of short run and long run aspects. The result is a

production theory embracing the development of a whole

industry producing a homogeneous output. The fundamental

assumption iri Johansen~s approach is that the essential

technological choice has ta he made at the stage when

investment in new production equipment takes place. Once

the investment i5 made, the factor proportions become

fixed. Johansen;s airn i5 to avoid the cructenes5 of the

concept and use of the production function, as it is

used in most econornetric research with poor results, and

1) By the "sector» or the "rnacro" level Johansen means " •.•
a branch of an economy with a reasonably homogeneous
output" , Johansen (1972), p. 3. ~t is the same
aggregation level we operate with in our study.

"
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to introduce a more rea1istic framework by using differ­

ent production situations. Johansen ana1yses with more detai1

the properties of his short-run macro:function , which

forms the basis for studies on the structure of an indus­

try and the changes in it. After introducing elements of

the dynamics, of production Johansen evaluates critically

some empirica1 econometric studies at the sector level.

Johansen c1assifies and completes theoretically many

ideas c10sely re1ated in Sa1ter (1960). Johansen~s frame­

work is adopted as the basis ,for the studies by F~rsund

and Jansen (1974) I F~rsund and Hjalmarsson (1976), Hja1­

rnarsson(1973) and wi11 also be used in the study pres­

ented in this paper.

On the basis of the above-mentioned studies by Aigner and

Chu (1968) and by Johansen (1972), F~rsund and Jansen

"(1974) comp1eted a study in which they estirnated both the

average and the best practice production functions with

variab1e scale elasticity for the Norwegian mechanical

pulp industrYI based on establishment cross-section data.

The average cost functions are estimated by OLS , and ML

estimators for the parameters of the best practice cost

function are obtained by solving LP.

The most recent study in ·the field of structural changes

of an industry is that by F~rsund and Hjalmarsson (1976),

in which they show the resu1t of a combined time-series

cross-section ana1ysis of 28 dairy plants during a period

of ten years. A homothetic best-practice or frontier pro­

duction function is estimated together with estlmäfföri"of

an average production function, and.the forrn of technical

progress is studied. F~rsund and Hjalmarsson have intro­

duced trends in the scale function parameters. Apart from

estimating technical changes in best-practice functions,

their study also genera1izes the approach by Aigner and

Chu (1968) to a110w for variable scale elasticity.

, .
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In the study by Fs6:r::sund and Hjalmarsson (1976), Hjalmars­

son~s earlier studies (1974) have been utilized; in these,

various aspects ef industrial structure, structural change

and productive efficiency are exami~ed. The emphasis in

the studies by Hjalmarssen is en the dynamic aspects ef

structural change and structural efficiency.

Carlsson (1972) presents various definitions ef effi­

ciency, . integrate.s . the _ notion .of inefficiency into

standard microeconOmic theory, measures efficiency ernpir­

ically at the plant level in 26 Swedish rnanufacturing

industries, and analyzes the results in terms ef macro­

economic variables. Carlsson has used Aigner' and Chu~s

(1968) technique and cross-section data from the year 1968.

In the recent literature attentien has been paid on the

estimation ef productive efficiency by means of frontier

production functions. Afriat (1972) discussed this prob­

lem in a manner which recognizes that the production func­

tion is a frontier representing the maximum autput that

may be obtained from given inputs when the inputs are

being used in the most efficient manner possible, given

the state af knowledge. RicTh~ond (1974) deve10ps further

the suggestion made by Afriat when the production function

is Cobb-Douglas. He presents also some empirical appllca­

tions based on the data of G~iliches and Ringstad (1971).

The next steps in this development process have been taken

by Meeusen and van den Broeck (1976) who prosent an alter-

.native approach to estimate production functions, since

the Afriat-Richmond measure yields, as Meeusen and van der

Broeck show, systematica11y underestimated values for

praductive efficiency. This ~ield af the specification ef

the production functions, the chotce of the distribution

for the efficiency variable and the evaluation.of the

statistical properties af the estimators needs more

..
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research oefore the results obtained could be accepted

as firmly establishedl ) .

Wohlin (1970) has analyzed, in one part of his study, the

structure of the Swedish pulp and paper industry. 1n this

study, the term II s tructure ll is understood to refer to the

distribution of plants or capacity at different produc­

tivity levels. The theoretical approach is based, in great

rneasurc, on Salter;s work. Wohlin~s study deals with quite

disaggregated cornponents of costs and evaluates the influ­

ence of some external factors on the development of the

industry concerned.

The most recent empirical studies at the industry level

1n Finland include the studies by Lehtonen (1976) and

Airaksinen (1975)., Lehtonen tests the neoclassical theory

by estimating statistical costs functions of Finnish

restaurants derivable from the neoclassical theory of the

firrn. Lehtonen pays special -attention to cost functions

which are based on technology containing substitutable

and non-substitutable factors of production. He also

examines how the cost components are affected by the scale

of operation. Airaksinen tests a neoclassical framework

for explaining interrelated requirements of labour and

capital stocks and their utilization rates in the plants

of the Finnish brewing industry in 1954-1972. He uses

combined timeseries and cross-section data, and he gener­

alizes the model of Rosen and Nadiri (1969) by taking

account of operating costs of capital analogously with

wage costs.

l} See Richmond (1974), p. 520.

. .. ' .. , .. . ..... t ".-
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RESEARCH APPROACH AND METHODOLOGX

The study consists of two parts: a theoretical part and

an ernpirical one. We shall present the frame of reference

first, then the theoretical and ernpirical elements of the

study and finally the tests which allow us to compare both

theoretica1 and empirica1 content with one another. The

re1ationships of interest are derived from the micro­

dynamic theory of production by using Johansen's (1972)

framework. The.--. approach presents an integration of micro

and macro 1evels, which in our study corresponds to p1ant

and industry 1eve1s. This framework seems to offer the

most f1exib1e background for the empirical par~ and is

well suitable for our need to operate with dynamic ana1ysis

The adaptive nature of the structural changes studied is

of crucial importance in the analysis of the industria1

deve1opment. The aim is, therefore, to make more explicit

use of the theory of adaptive processes1 ) than the previous

studies using Johansen's framework have done. We think

that this is a step towards more realistic results which .

wi1l be use~ in the deci~ion-making in the rea1 wor1d2) ~
This 1s of crucia1 importance due to the fact that the
. .
basic framework used is neoclassical and pay attention

to only a few properties in the frame of reference and

the environment of the study.

1) See Murphy (1965).

2) See Day (1975';l),·.PP. 232-235.

:
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In the interpretation of behavioral relationships, espe­

cially in structuring the targe~s of the study and in

considering the utilization aspects of the obtained

results, the behavioral theories of the firm introduced

e.g. by Penrose (1972) and Cyert and March (1963) are

discussed. Another aspect connected with this study is

Leibenstein's (1966) X-inefficiency, which he defined as

the difference between the lowest level of costs poten­

tially achievable and the level of costs actually being

achieved. One reason why our concept "structure" does

exist may be interpreted by using Leibenstein's approachl ).

It is not, however, necessary to link the behavioral .

theories and Leibenstein's concepts to our theoretical

framework.

In the the 0 r e tie a 1 part we specify the target

of the study, derive relationships of interest, define

the concepts and assurnptions used and interpret the meas­

ures of the structure and tackle the statistical estimation

methods of efficiency frontiers 7 alI at a level which can

be applied to alI industries. The starting point of this

kind of analysis is the information we attempt to derive

for decision-making.

After introducing theoretically the key-concept If s tructure",

by which we mean the distribution of the re1ative perform­

ance (efficiency) on the plants or firms within an industry,

we are concerned with the measurement af different effi­

ciency indicators. In the simplest case, the measurement

,method could be condensed by using salter-diagrarnmes2) ,

whi~h illustrate the distribution of productivity af one

1) Carlsson (1972) has used Leibenstein's X-inefficiency
concept in his study.

2) See for definitions and further discussion Salter (1969) f

pp. 52-53.

....... '0'" •
: .

• - -__ ..... _ "'__'. • 1" ""'-.I~_~.a•..,.,..~ F'.~ _C!:~. -. t.-=:~ " -r::--" "'.J 9

-, ..
~;-..: .. "... r

, .. ..
.....~~-:(f::~.....;<!""·~ ..::z..~· :r..:.~ =:r.~H::."'·"-" ''''~'''' ';~:' ....-: ;"_0 .,....."':"',. '. ,-~:-""::.,,. - ..



32

faetor of production within an indust~y. It is possib1e

to eornpare the behaviour of expanding and stagnating

industries1 ) by' this teehnique. Sinee the average produe­

tivity of an industry is a weighted average of the pro­

duetivity of its eornponent plants, a rapid rate of in­

crease of output tends to raise the average produetivity

through the eoneentration of output in rea1ative1y

modern p1ants; eonverse1y, a deeline of output tends to

10wer average produetivity because of a high prQPortion
, 2)

of older p1ants •

The rneth?d to be app1ied genera1izes the prineip1e of

Salter-diagrarnrnes to eover rnore than one input and

fo110w the dynarnie proeess af structura1 ehanges instead

of one~ross-section. The effort iS.to estimate the

IItota1 1l effieieney of'produetion by using produetion and

eost funetions as referred in Chapter 4 above (e.g. the

studies of F~rsund and Jansen (1974) and F~rsund and

Hjalmarsson (1976». After a eritiea1 eva1uation of the

methods~sed, we app1y the Cobb-Douglas and a1ternative

funetiona1 forrns and a non-1inear estirnation3 ) whichto our

knowledge has .. ~9t: been interpreted before in this field.

By using produetion and eost functions we also get infor­

mation on the "normal" properties (returns to seale,

the form of the produetion funetion ete.) derived usua11y

from these studies4 ).

" .
, .

1) Ibid, figu~e 12, p. 82.

2) Ibid, p. 82.

3) For futher diseussion and non-linear estirnation methods
of production funetions see Meyer and-Kadiy1a (1974).

4) See e.g. Lehtonen (1976).
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An important aspect is to study the behaviour of the

indicators of structural change when a) the rate of

capacity utilization fluctuates and b) the industry con­

cerned is expanding or stagnating. Capital utilization

plays an important part in Johansen-s short-run macro

function. The rate of growth o~ output is a key factor

in our scheme l,"lhen projecting industrial development

or exp1~ining variations in efficiency distributions

between industries.

The utilization aspects of this kind of analysis is dis­

cussed in the theoretical part~

In order to get fully acquainted with the method and to

test it, it is important that it is applied, in different

situations, to one industry with its sub-branches. The

nature of the e m p i r i c a 1 part of the study is

experimental. The framework developed at the general level

is applied to the Finnish pulp and paper industry. The

data is taken from four sub-branches, and the production

of each of them can be considered rather homogeneous. The

design of "the experiment" responds also to other rese~rch

needs: the sample includes both expanding and de~1intng

industries, the rate of the capacity utilization varies

quite strong1y during the period of analysis and the

environmental factors can be realistically assluned ta be the

same for alI four sub-branches l ) .

Dynamic approach is emphasized to the extent that cross­

section data for only one year cannot be'considered suffi­

cient, although this has been the p~actice in almost alI

1) This is very important in our study because otherwise
the external factors studied e.g. by Carlsson (1972)
cou1d cause 'uncontro11ed errors in measurement.
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previous studies in this field. We utilize primary data

at plant level for the period 1960-1975. We have data for

both produetion and eost funetions. In this context we

also analyze the main charaeteristies of the industries

and the micro units which have generated our data.

Finally the utilization aspeets of the results are dis-
-

cussed. The empirieal results may raise questions stimu-

lating futher researeh .. We evaluate the usefulness ef

the framework developed in.the decision-making of both

industrial policy and strategie corporate planning. If

the results obtained seem promising, interesting areas

for further res8areh are pointed out e.g. in the field

studied by Carlsson (1972), where ~t would be possible

to connect the environmental faetors of the industries

rnore elosely to our framework. Another field might be in

international comparisons. An example is a very interest­

ing possibility to eompare the struetures and perforrnances

of the forest industries in Finland, Norway and Swedenl ).

. "
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1) Compare this with the studies by George and Ward (1975),
referred ta ,in this paper p. 12 and by" Summa and Ylä­
Anttila (forthcoming).
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Although the aim of the study is to take one step towards

a more realistic approach to describe an~ project industrial

deve1opment, there are many 1imitations and constraints

still 1eft. This study is delimited to consider on1y

structure and changes in it. With structure we understand

the distribution of efficiency of producti~n. The defini­

tion used is one among many structural concepts - from

1ocationa1 to market structures.

We do not aim at a quantitative measurement of the factors

affecting different efficiency distributions an0 changes

in them at this stage of the study. It is important to

connect externa1 factors with the framework when trying

to understand and projeet industrial developmertt, but this

eannot be done before the kernel measurement framework

is developed and its behaviour studied.

After screening different promising approaches used in

this kind of industria1 ana1ysis, we arrived at our frame-.'. -.,.-

work since miero' data ean only - be obtained from

the Industria1-S~atisties1).The available data hasf

however, forced us to make some simplifications and may

constrain the application to rather homogeneous industries,

whieh often are proeess industries. Since this study is

based on the production and eost functions, difficu1ties

in measuring the eapital variables as we1l as vintage

effeets eannot be avoided.

1) E.g. Day~s (1963) approaeh wc eould not apply due the
1aek of engineering data.
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7. CONTRIBUTION TO KNOWLED~E

The relevance af the chosen topic an~ the need for addi­

tional research were already dealt with in Chapter 3.

Fields of potential contribution include:

1. Economic formulation of the problem with

emphasis on the theory of adaptive processes

in Johansen's (1972) framework.

2., Generalization of efficiency estimation

methods used in previous studies by employing

alternative functional forms (not only Cobb­

Douglas) and non-linear models.

3. Arrangrnent of a test situation of a new

kind, which makes it possible to examine ex­

panding/stagnating industries (the rate of

output growth varies) and the impact of business

cycles (the rate of capacity utilization varies) .

4. Ernphasis of the dynamic approach and use of

time-series data, instead of the approaches.. ~

assumed in previous studies based on cross-

section data for one year.

5. Acquisition and compilation of empirical

data and analysis of the ·results obtajned from

a industry which is of great importance for the

Finnish economy.
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