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1

CHAPTER I

INTRODUCTION

Most econometric studies cfproduction- and related or deducted

functions are based on aggregate data of some kind or another. Ver,

are based on. data for microeunits for which it is more relevant to speak

of a production function0 lind those of the later kind are, most of them

covering a very narrow renge of:activities.. - In fact, a quite recent study

seem- to be the fi./3t one that is both based on micro-data and covering most

activities of a‘main production sectbr of a country, namely Manufacturing

of Norway. 1)

The purpose of that study was twofold. First to gain insight and

experience in the use o ,lar#7e bodies of micro-data from sources like

censuses of estdbli hments in econometric studies, and second, as the title

of the study suggests to analyse variou3 properties of production functions

in Norwe6ian manufacturing, particularly the scale-properties of that kind

of relations.

As very little was known about the qualities and peculiarities of

the data used in that study it became rather °strenely coloured by experi-

menting. These experiments resulted .finally in, among other things, the

exclusion of very small units, units with characteristics missing or

inconsistencies of the characteristics reported.

But even the characteristics of the units of the 'samples" thus

selected were subject of serious errors. This fact and the fact that data

for one year only was available laid strong liLitations on the scope of

the analysis.

In light of these circumstances there . are arKrumentS of looking for

another type of micro-data. Such data is available by the sample of

estabisloments of .larre Norwegian firms, 6f, the years 1959-196 7
.

2)
And this

is the, empirical base of the preservk study.

This body of 4.atado.egin'oppoiony,..;0 - t.lat•of.theHeensusstudy

.contain • a time-dimension and i.,tic.P.P.s.:Lstseo:flarger units on the average.

Both of tese properties are advantageoue,:theelatter because some ;Of -:uhe

experiments ofthe Census-stud- suggestedtly-tithe :quality of the largee .units

ly z. Griliches and V. Ringstad: "Econduie of Scale and the Form of the
Production Function.: An Econmetric Study Jf_Norwegian . Establishment Data"
fOrthcomin0 This study is frequently referred to in the following as the
Census-study.
2) For the source , of this body of ,„.aad cf. Chapter II.
3) Cf. footnote I above.



was better than for mailer ones."

As the present study is an extension or a supplement to the Census

study three of our aims are:

To get further insight and experience in the use of large bodies of

micro-data in econometricstudies of production functions.

2) To explore soma of the central issues of the Census study and find

out whether 'or not our data is a better empirical base for their investi-

gation.

3) To compare, whenever possible, the results Obtained about the

properties of the production functions in Norwegian manufacturing with those

of the Census study.

The first aim iniplies that we pust carry out a rather detailed

analysis of the data, particularly to figure out the importance and nature

of the errors obviously present in them. The second implies that we to some

extent at least should try the same models as analysed in the Census study

while the third lays soue constraints on the definition of variables and of

industries of the present study. We do ,not, however, manage to operate with

the same industry definitions as in the Census study, and thus some of the

results of the two studies are hardly comparable.

To some extent tae problems of each body of data are unique. Thus

even if the experience of the Census study is a very valuable information

some extent of experimenting is unavoidable in the present study. And there-

fore also this study is exploratory. In such studies there is a need for

systematizing the experhenting and therefore we have a foruth aim for this

study:

4) T6 try methods c2 "fishing" in data in a more systematic way than

usually done in appliedmmaMetric.studies.

This Is done by - 2plying multiple test procedurs, and even if the

scope of the analysis is rather narrow . #,throws some light on the problems

present when trying to sTstematize ''fishing" in data

As We have 4 -6imEdimension in our data, in opposition to the Census

study, there are a .few attitional issues that can be explored. Thus we have

also the following aims fr this study:

5) To explore certain problems of measurement and methodology present in

analyses of technical chaage and impertance of various sources of growth by

data like our cross section of time series

4) This is one of the reazons why the small units of the Census data were
excluded from the analysis. Cf. above.



6) 	 To investigate what the present data can tell us about the importance

and nature of technical change in Norwegian mining ard manufacturing indust-

ries.

As the present study is so closely relater' to the Censusstudy no

extensive theoretical discussion of production.functions etc , . is presented

,ere. Instead the theoretical parts 'oil the Census-study will.be referred to

when necessary. Add;_tional theoretical' and statistical tools will be deve-
-

loped in due course, when they -are needed for the , exploration of particular

Issue .

We would like, however, to présent"hare a model that will be used in

most parts of the study and often referred . to as the main model of the study:

In V = a	 a in L	 ln K + u

= b o +b ln	 v

where V, L, K and VT are value added, labour 'input, capital input  and the real

wage rate respectively u and v are random errors. 5)

The first one of these relatons is the well known Cobb Douglas

prothiction function, while the seconi is based on the first order condition

of profit maximum with respect to laoour having a linear homogeneous CES

relation and assuming perfect compel;iLion in the output and 1-bour markets0 6)

mus I and 1.b are based on slightly different sets of assumptions

about the form of the production -1\1/action. The former presumes a constant

degree of returns to scale of any 7)o3i1lve .7.a1ue but an e asti6ity Of

substitution const ained to one. The later presures constant returns to Eic-,
while the elastici y o substitu i;on may take any posit 	 7)ive salue

 For a related model cf. G.S. Mbldala and J.B. ,,adane. "Same Notes on the
Estimation of the Constant Elasticity of Substitution Production Functioa ?

The Review of Economics and Statistics Feb. 1966.

6) This réladon will ,.requently b referred to as tlie ACMS rcIationdue . to:
K. Arrow, M.B. Chenery:,: E. MinhaS and R-. SolOw: "CapitaI-labbür substitu-
tion and economic efficiency' Review 'Of Eccinamiand StEitistiCs,

The assumption of conscanu returns to scale for 1.b does not seem to have
serious effects on the estimation of b even in cases when the scale-
parameter is significantly different fram one according to the results of
the Cobb Douglas relation. 'Pais is for instance suggested by the results
of the Census-study referred to in footnote I) above. Some results of
that study suggest also that tie level of the factor-elasticities is
fairly well determined by loa even if the results of the behaviour
relation indicate that the elasticity of substitution is different from
one.

Aug. 1961.



Due to our assumptions the wage rate is an exogenous variable.

And we will also argue that capital input is exogenous in our model. This

assumption may be rather dubious, but as we shall show we will have other

troubles with this variable that are more serious than those due to possible

endogeneity.

There are three arguments for using the nain model in our analysis

in spite of the differencies in assumptions of the two relations of it.

First, it will be a frame for the analysis. By constraining parameters in

various ways the model will become "more consistent" and even simpler than

the version of it presented above. Second,we may by means of 1.b investigate

the assumption :made about the substitution possibilities between labour and

capital implied by 1.a. Third, we will in a particular context analyse the

properties of the OLS estimators of the factor elasticities of the Cobb

Douglas relation when the "true" production function is of CES-type and

profit is maximized with respect to labour. 8)

The plan of this study is as follows. In the next chapter we review

the characteristics reported for the units of the study and other information

available, the definitions of variables to be applied and the classification

of industries. In a number of appendixes to that chapter particular issues

concerning data are considered. Most of them deal with errors in data and

how we have tried to solve various measurement problems present. Appendix

11.7 may be of some methodological interest also as it deals with the problem

of incomplete sets of data and particularly how to estimate the observations

missing. Appendic 11.8 is also somewhat, more than just a description of data

and data-problems as it aims to review the behaviour of our main variables in

the samples of the various industries. Thus it is supposed to be a usefull

supplement to the results and the discussion of them presented in later

chapters.

8) This implies that we use the Cobb Douglas production function as an
approximation to the CES relation while ve use the "true" behaviour
relation. But we are not interested in the approximation errors as some
experiments of the Census-study suggest that these are small. (Cf. foot-
note 7 above) Instead we would like to catch the effects due to
simultaneous equations, of an elasticity of substitntion different from
one.



Chapter III deals with the problem of estimating the parameters

of the main model. We show that du , to particular errors in the data,

methods that are usually applied on simultaneous equations models of that

type do not work in our case Instead we apply the OLS method on the

production function ‘and try to evaluate the.sériousness of the 'biases present.
of estimation.).

And as they seem,to be rather seriou ,': we'try a inethod/related to one applied

in til.e Census-study.. And this a.Lethod seem to s i-ld the more reasonable

resu]ts also for (•)11a data. '	 analytis'of this , ch4tei. is also in other
•••

res Pegs.very . much- related.t9:a :central' part - Ofthe'CenSUsudy. Thus this

chapter..does. particlaary-refer - to - aim- . 2,.but.. alsoto 'aim. 3, -as well as the

general aim 0f,•.tili.$--,studyno.1., H

In Chapter IV the application of multiple test methods in econometrics

is considered. 4-covero . faim. 14 - ofthis:EiUdy as 7,..re are -particularly: inte-

rested in the use of,...such,methods whea»fishIne  in data for significant

parameters . By means of..covariance-mod6ls.'we- try to determine the nature of

any variation of cert-ain parametersourLmait model'acrOsseStablishment,,

and over time The advantages of multiple te-t' procedures, at least of

those applied are that all alternative types bf v,,,rition are specified

priori and we have a well defined strategy of choosing between' them.

Chapter V covers aims 5 and o as it deals with the measurement of

technical change and an exploration of its nature. But as we show there are

errors in the data in addition to those making it ifficu1t to obtain proper

estimates on the parameters of the main Model, that are particularly serious

when trying to evaluate the importance  of technical dhanfié. Some conclusions

both about the importance and the nature of techn_cal. .change are obtained,

however. And the errors tha - L, may affect our findings more Seriously are

explicitly pointed•

qoncluding,chapter re prec it a s1 xrricrr of the 'tüdy and try

to .,-42-ure put wt wc h.tv leant hem it 	Ir tc 'main 6'n4ter's we do not
•

Present ,my ,detailed liscsior'of the result --; ±r

This we add to the concluding cha- ter ar appendix vith a summary by industry

of what we con-ider to be the more interesting finding'.



Ch ter Tr

THE EMPIRICAL• BASE OF THE STUDY

1. Introduction.

In this chapter we present the empirical fraLe within which we

have to work in the present study. The contents of the main part of

it represent the bare minimum needed to understand what is done in the

following chapters. In the next section, the data-sources, the sample

selected and the industries to be analysed are presented. It Section

3 the information available- is presented together with the measures

applied for the main variaMes, and in Section 4 an evaluation of the

data is attenptede•

It should be strongly underlined, however, that a complete evalu-

ation of the results is possi7ele only if the main contents of the

various appendixes of the present chapter are also known. Most of them

concern empirical problems of the particular sources of data used. In

these appendixes we try to figure out the nature of the prolJens and

report on how we have-tried to solve them.

In Appendix 1 we consider various causes of movements in the pop-

ulation of establishnents available. Annendix 2 presents the construc-

tion of industries.by four-digit ineustry-grouns, and in Appendix 3 we

report on some corrections of ta carried out. In AtpendiX 4 we ex-

plain hov missing values of susidies and duties are calculated, and

in Appendix 5 we have some remarks on the rrice-clata applied for gross

production and nnterials.

Appendix Cnand Appendix 7 concern the ceeital cnta and the capital

input mesure annlied. In the first one we explain why it is not worth

while to adopt a moreerefined capital innut measure than the one actually

applied. The second,- a rather lengthy one, is a case' stuOT of the

culation of missing observations of n variable entering an econometric

model, with capital as the ene.with observations missing. Finally in

Appendix 8 some tables are presented, with a few cor monts on the "he-

haviour" of the main varables that enter the riodels analysed in the

following. In this context Analysis of Variance is also applied, ane

the relevant statistics are deducted in Appendix 9.



2.	 The Units to be S .,.; died.

a. The Data-Sources.

The units o.f this. study rc the resta7gis1m3nts.of-"Inr ::e Norwegian

firms in Mining and Manufacturing for the nine years 1979 through 1967 A

Large firm this context  defined a-s,one..hevinpat-least• eri7A6yees
1)

on the average in 1963 accorling to -the Çte-.us.of•that: . year-.	 1,17but,

firms with  abçut.1.3..Westablishments 	 and,'.anuficturing industries• 	 ,

satisfy this oriterion, Tbe_inform	 -7-ation c7 ..thebe2 establismhents-were for. 	 • 	 . 	 . 	 . 	 .

1963 also obtained fror. the Census. For the ther years c'ne hs used the

information from the Annual Industrial P. oductinn Statistics.
cross producticln

price-4t4 ror 	/ . and, innu
-2)tainec, frcm:_the.national.accoun, 	 s	 And to deflate the darita_-stock

dat- a rice index T-.;aced on current info=tion on prices of new investment

go 'ds is applied..) /

b. The Sah,e le Selected.

in this study we will concentrate our efforts on complete timeseries. 
4)

Thus, thos ,.-? - ontablishments' that accordinr to their identification nur!ter

did not eld ,St in one or - ore of the yPnrs 1959-1967 ,-.1.(,rP exclu d.	 And as

we would like to have production establishments only, auxiliary units and so

called investment estalishments are excluded a1so.
6)

1' Numh6r of employees is c :tined as 1.77,e-earners (77r(-)duction workers)
workors (non-nro,duction wcrkers) 4. owners and unt)aie-

family-memers daily wnrking in the estaMithm,,nt. Cf. Section-3.a.

2) Cf. P7pene,ix II. „5

='--nnclix Ii,

4 In some crmtext9 Incomplete time-series are eTually interesting as
complete ones. Cf. F. Wedervang '7.)evelorment of a Population of
Industrial Firms", Universitetsferlac,et, Bergen 1965. Eut as the
hie3h nurer of inconpicte time-series in the present contexts seems
to he a result of artificial births and. deaths of estaLlishments no
attempt is made to analyse the structure r,f, these units. Cf. Appendis

5) Cf. Appendix II. 1.

6) investment estapli.“ents are such that are not "fully established
in the sense that they have not yet started -)rcduction in the year
for which the infornation is reported. Most of such units are, how-
ever, excluded as incomplete tine-series. If one would like to an-
alyse questions cm-icerning "n(7Aural" births of establishments by
means of this T.Tody of (Intr, a look nt these investment establishments
seems to 1:e. the best point of departure.

in addition

naterials and se7t.irro(ucts are ob-



Excluding inccmplete time series, auxiliary units and investment

establishments we have 913 complete tire series fnr production units left.

For different reasons six of these were also excluded.
7) 

The renaming

907 establishments are therefore the units sel ected for further .analy is in

this study.

By excluding the numerous incçrplete time series for production units

we have lost a substantial amount of informaion a'hout the Wustries con-
8)

cerned. 	 But 'what is somewhat more worryînî is the unknown nu7iber of

"mongrel" units due tc identification numers,referin; -.; to e.ifferent.physi-

cal units in different y -s.
9)

7) Two of these were excluded because they oT, -)viously were investment
establishments during 1959, even . if they were reported to be ordiniary
production units for the whöle.,reriQd. Three .establishments were
excluded because they reported to have.no emiicyeeš for one or more
years. The remaining 	 one 	 Was c4Cluded • becaUse cf a complete
break in production during one year.

8) The nain reason why they are excluded, in spite of this fact, is the
particular way the capital data are ccnstructee. Nar_ely ty using
the capital data available for 1959 and 1963 an  the investment data
of the period between to estimate a derreciation rate, and then inter-
polating and extrapolating to W -Aain capital data for the remininc
years. ' (Cf. Appendix Il. 7). For time-series that start running
After 1963, no capital data are available or can be easily obtained.
Those that start running after 1959 or stop before 199 cannot
used in our estimation of the depreciation rate. This type together
with the remaining ty7e of incom7lete time series;  those that start
running in 1959 ! ,ut disappear between 1964 and 1967 could be in-
cluded among the units subject for further analysis.. But it vr3s
finally' decided to exclucl.e them as ihe fractioil of rissing
values fot . 1959 and 1963 for tese w's 	than 07J2. cim for cor7
plete. time series.. As such 'missing capital values 'cause a particular
problem in cur ca7ital value computation we would proably heve lost .

=re than we gained by including the units ccncerned.. •

9) Cf. Arrendix II. 1.



At least for some of the units concerned characteristics like output,

inputs of labour and materials etc will show a jump at one -point of tre,

suggesting that "something has happened". Wa have rot dared, however, CO

exclude units with such 'jumps" ,as criterions for exclusion, as an ,inspection

of the data suggested that wz then quite clearly would haw- excluded a

number of non-"monirel" time sc44 es also,

In data like Ehe 'present one with large errors of 'measurement suei jumps

due to mongrel time-series may not make much differ6nce, provided.that the

main characteristics "jump together". But in our case we do not neessarily

get jumps in the capital-va ues corresponding to those of the other characterist-

ics, due to the particular way the capital data are constructed. 
r)

It isn't easy to figure out the importance. of the errors introduced by

th,:s "mongrel" time-series. But,t:hi,ilk'ingin terms of pro'du'ction functions

the main effects of these are probably much the same as those cf more or

less random 3rrors . of measurement in capital ineùt 	 buch errors are subject

of further discussion in appendix IL 7 and Chapter III.

C.
 The Industmes.

The 907 units.. sele cted are divided into 15 "industries - for which results

are reported separately during most parts of this study.

In Appendix II. 2 q ,able on the composition of these 15 industries

is
	 I)

10) "f. Section II. 3. e. and Appendix 11.7.

11) A few establishments were classified in diffl-relt industry-groups
in different years. To avoid ambiguity in the industry-group
classification these units were classified in che industry-group
to which they belonged in 1963. This is clearly a rather arbitrary
procedure, but it concerns a very low number of units only.
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Even if the presentation is by four-digit industry- groups, the base unit of

the industry-construction is the two 	
12)

-digit group. 	 The divisions between

the industries may in some cases look somewhat arbitrary. But if we ara

not going to rearrange two-digit industry-groups by our industry construction

it looks for instance more convenient to "merge" industry groups 21 and 22

together with the main one; 20, than to merge them with the following

industry group 23. But clearly then the notation Food Products is approximate

only The same is true for Basic Chemicals with two units of the 29

industry group, Leather products and 6 from the 30 industry group; Rubber

products. 13)

12) In other contexts this detailed presentation of the composition
of the industries is more important.
Cf. Appendix 11.5, and Chapter III.

13) we cannot construct very homogeneous
industries, provided that we shall cover all industry groups.
We could for instance, have group 2311, Spinning and weaving
of wool, and group 2710 Manufacture of Mechanical pulp as two
of our industries, but what then with such groups as 2313,
Spinning and weaving of hamp, jute and linen, and 2722, Manufacture
of sulphate pulp? We could exclude them or merge them with the
remaining groups of their respective two-digit industries. The
first approach leads to a substantial reduction of units, and the
second does not solve our problem of heterogenous industries.
So we choose to go ahead with the industry construction presented
in 	 Appendix 11.2.



il

3. The Choice of 019erationrY1 Definitions for the Mn Variables.

a. The Characteristics Reported.

In addition to ge=r , -, 1 characteristics such as industry group, location,

type of ownership, we get with th:: exceptions pointed out for each c,:stablish-

ment for each of the nine years the following information 'that in one way

or another will be applied in thc study, mostly when constructing the variabl , s

on which the main part of the analysis is based:

x l Production on own account

X
2 Re-airs

,CL 3 Contract work

Raw materials

racking

113 Puai

Ili Auxiliary materials
15)M

5 Contract work

14)

n 	 Number of wage e.irners (produc,..ion workers)

n
2 Number of salaried employees (non-orc -luction workers)

n. Number of owner .s and family- member-
.)

14	 the years 1959 and 1960 M +lit, is reported instead of each

cOopOnent'separatelyyaii.a for the
Y
1' Thus only for the years 1961-64 do we gt separate information

on each of the components A 1
2

--- •
15) Except,foi:I9591960

bought and sold. There is an argucment for including eliLe variables
in the list of inputs ad outputs., But as we.,. :do : Jlothave „information
iforthse--Characeristi'cs for ilills - the4iié not ,usea.in. the
variable constructions, and therefore they are not included in
the list either.
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h Hours worked (in 1000) by wage earners

W1 Wages, wage earners

W2 Wages, salaried employes
16)W3 Wages, home workers

U Duties

U2 Subsidies 17)

I 1 Investments, purchased capital goods

12 Investments, repairs and maintenance

H1 Inventories, raw materials

H2 Inventories, goods in process

H3 Inventories, finished goods

In addition to this information we have or the years 1959 and 1963 also

information about:

Y.1 Full fire insurance value of buildings

1(2 Full fire insurance value of machinery 18)

By means of the characteristics above we will try to construct the

variables needed for the present analysis. 19)

16) Home workers are. such who do not work on the premises of the
establishment.

17) Information about duties and subsidies are not reported for 1959
and 1960. About tha "estimation" of*this information, see
Appendix 11.4.

18) For 1959, but not for 1963, we have information also about other
'property".

19) Except for h, 111 , n2 and n3 all numbers are in 1000 (current)
Norwegian kroner. About price-data, see below.



(3) Y

(4)
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b. Gross I"oduction,Materials and VaLue Added

As point. out we would like to rake the results of this study comparable

to those of
 
the Qensu...;-study and therefore we try to let.th,e definitions of the

main variables conform as closely as possible to those of th- later study.

First we define gross production. in current"fac'- or prices" as;

(-) 	 Y' = X l 	2	 1+X + X + U2 - U1
The input of materials is defined as all inputs "from outside" in buyers

prices.

(2) 	 M' = • + M + M3 + M + 	 + 1,14 	 15

As both Y'ani M' are in currcnt prices they are deflated with the price-indices

discussed in Appendix 11.5, and we get gross production and materials in
2C)

constant (1961) prices as:

where P and P
hl
 are the two price-indices for gross production and materials'Y' 

respectively.

We have thus value added in current prices as:

(cN 	 "V = Y"

and in constant (1961) prices as:  

(6) V = Y - M

	Thus we have implicitly a 	 _. e ,av'X. with base in 196
.

D Y-P 11V v 	 ,y 	 m
(7) P , 	 v 	 Y-M

, value adder', ,,,-s:  

3, 	 material20) Nota that 	 wages t_ hame workers, are also included in our
input measure. Thus, W3 will also be ,dzflated with the price index for
materials. This is strictly speaking not consistent as the numbers fram
the national accounts system used for the construction of price indexes to
deflate current values of 	 materials as defined in (11.3) do not contain
this category W3 . But the error introducd by this is probably quit- un-

iimportant as the order of magnitude of W
3 

itself is quite:small.
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C. The Labour Input Measure

The labour input measure to be applied is the following 
21) :

h(T4 +14 )2
	 •

( 8 ) 	 L= 	 + 2 n
Wi 	 3

This measure implies that we calculate the number of hours worked by

salaried employees in production workers equivalents. We also assume that

owners and unpaid family members work 2 000 hours a year. This is approximately

the average for production workers in 1963.

Some results of the Census study suggested that this measure on the average

overstates the productive performance of owners and unpaid family-members.

That is, we should rather have applied a coefficient of n3 in (8) below 2.

An alternative to this is to introduce an additional variable,for instance n 3 /I,

to investigate if, or to what extent we in fact overstate the work done by this
22)

kind of labour. 	 Now,the interpretation of the results for such a variable

is not quite straightforwarl as it may pick up effects other than 'wrong weighting

of n3 also. It is,for instance, mainly mall establishments that have n 3>O.

Thus a3/I, may work more or less like a dummy variable reflecting size-effects.

But this suggests also that the problem of correct weighting of n 3 is less

important in this study than in the Census study as the present one contains

mostly large establishments, at least according to Norwegian standards. There-

fore, nothing is -Ion' , to eliminate this possible source of error.
23)

In the Census study both total number of employees N, and the two variables

h and n2+ n3 together were tried as labour input measures. Some

21) This measure is the same as the one applied in the Census study.

22) This is the way the valLaty of the weight given to n3 in our labourinput measure is investigated in the Census study, except that
n3/N is used instead.

23) In the Census study we also found that n 3>0 mostly for single unit
firms and for a particular type of ownership, namely personal
companies. Thus the results of n3/1, may contain both a size of firm
effect and type of ownerships effect.
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.Pxpz:rimints showed that L as a- i.ned in (8) was generally superior to

both Of these a ternatives. In light 0' these r sults we choose to go ah2ad

with our input masurew1thçut ftlrther investigation of the validity cf the

aggregation of lu components of this measure.

d. Thc 	 Waae Rate

The price . Of làbour input î ineasUi .éd as average wages per hour' for product-

ion workers. That

TT'

1.3t as we 	 the,present, study rather are interested in the price of

labour - price of .output ratio we apply the following "real" wage rate;

( 1 0) W =

where Pv is define:f. in 	 (7) atove.

ty means of the information available we Could have constructed other

warate measures, hut nei ntr these nor the one to be used are quite good

as measun!s of the price of 	 as a factor of pro duction.

The uain dra 	 of our measure ,  as well as of thelâbour in ut measure,

is that they both r-2fers to 	 quantity .,...arfinonent of 1 	 property

of the wage rate and labour in?ut variables is sub* Ct of a rather'lenghty

discussion in Chapter III.

C. The Capital Input Measure

The information available f or capital is as pointed out above full fire

insurance values for two categories, .namely buildins and machinery, but for the

years 1959 and 1963 only. On th other han(:, we have information shout gross



investment of two kinds for all years; for purchased capital goods and for

repairs and maintenance. Thui;,'in principle 'it is possible to get sort of a
suahcapital measure for the reuaining years too. But for various reasons/a capital

measure construction is not so straightforward as it may look.

There are in the present context two types of problems that one has to

consider when trying to construct a measure for the performance of capital as a

factor of production. The first is the well-known question of concept,

that is what is the correct measure of the productive performance of capital.

And the second is the"behaviour" of the measure actually applied as compared

to the presumed correct one.

In the present case we have, as pointed out full fire insurance values
24)which are kind of market values af the capital stock.

Quite clearly, whatever one believes is the correct measure of capital input,

market values of the stock of capital could be blamed for numerous awl

serious weaknesses. But as we are in a take it or leave it - position it does

not seem to pay to repeat a discussion that is well covered in the litterature

And as there are no real alternatives to this concept we will take it - or

at least not leave it before we have seriously considered  the possibilities for

its application and investigate(: its performance. 26)

24) The Census study contains a fairly detailed discussion the "contents"
of "full fire insuranqe values" of capital.

25) See for instance; Z.Griliches; Capital Measures in Investmenc
Functions, in Christ (ed.) Measurenent in Economics, Stanford,.•
University PresS,1963:

26), In the Census study another measure, .was. applied, without much success,
however,, namely :the horsepower of the installed e.quipment . as a:

• measure of the capital's  . production i capacity: and the energy consumption
(mainly electricity) i.)ei horse-power install.tion as masure . of 	 •

, the utilisation of this
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Our main problem in .t11,_ present context is, .awever, to gt as reliable

information as possible on t- concept api led. Therefr. re we go ahead with

the total full fire insurance values of buildings ano machinery in constant

(1961) prices as the cal-dtal input measure:; NamAy:

(11) K =
13K

where PK is a
	r3c(U index for total capital ,Euil,ings and machinery) based

97)
on price-data for new capital p-,doLs for Total 14.1—ng and Manufacturing.

4. A Sunman) Evaivation -of th ,, Data

The main sources of dat- ap;)lied in his study; the Census of 190 and the

Annual Production Statistics are meant to cover other needs than the one L,

empirical bas' -, s of econometric studies. And they may be good enough for the

computation of sums and means of various c entral ecomamic magnitudes such

as proda-Lian, materials, number of employees etc. But one runs into serious

difficulties if tryinr, to use these data in r, st:°=tion of production and

behaviour rclations,whict Is the main purpose cí the. present study. This

should be evident particularly fram the contents of the various appendixes

of this chapter. It was 	 clarly d(monstrated in the Census study also.

In the latter study thc: cfforts wore 	 concentrated  on

analysing the effects of two types of errors t hat one presumed were the more

important . Namely random errors of measurement in the capital input measure

and th', lack of a quality component of .Labour input.

27) A discussion of these price-data is presented in Appnd..i 11,6.
In Appendix 11.7. it is shown how the missing capital values are
computed.



Evidently these two types of errors are among the main ones in thc present

study also. Therefore we must pay proper attention to them. And in fact a
these 	•

whole chapter, the next one is devoted to the analysis of , errors with our

"main model" as the frame.

But in addition -7e have a couple of other errors that at least may have
concerning

serious impact on the results / 'technical change". These aro the deflators

used for output and capital input, and also that we have no measure of the

capacity utilization of the capital stock. And when discussing the importance

and nature of technicl change we must also try to figure out to what extent

and in what way these errors have affected our findings.

We will not argue that these errors are the only ones present or even that

these are the only ones with any significant impact on the results. But they

are clearly among the more serious. And they will be discussed explicitly

in the following as these are the errors we may manage to say somethinPout

than just that they are present in our data.
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APPENDIX. 1.

ON NATURAL AND ARTIFICIAL BIRTHS AND DEATHS OF ESTABLISHMENTS.

There are significant movements in the reported number of establishments

during the period covered by this study judged by the identification numbers

of the establishments. These movements can clearly be divided into "natural"

births and deaths of establishments and obviously "artificial" ones.

"Natural births and deaths" 	 are such as 	 establishing

of a completely new production unit and closing of a production unit previously

in operation. More doubtful cases are movements into and out of the sample

of establishments due to buying and selling of production units. Obviously

artificial births and deaths are such as due to 	 varying definitions

over time of an establishment. As far as I know there has been no basic

change in the definition of an establishment during the period considered,

but rather some varying practicing of the definition (or definitions).

Generally this does not, however, seem to imply serious difficulties.

A more disturbing cause of artificial movements in the number of establishments

is the following: Due to a widening of the range of goods produced the CBS

has considered it to be convenient to divide the activities of some establish-

ments and classify them in different industry-groups. The opposite does also

seem to have taken place to some extent; that two (or more) establishments

of a firm are merged into one.

Judged by th- identification number we may have in a %merging case

one complete time-series as usually the main branch of the production unit

subject to unmerging gets its identification number. And thvvi we alw get

some " new " establishments the year the unmerqing takes 	2rie

of a merging of two or more establishments of a firm, the me rged unit usually

gets the identification number of the more important of those establishments

subject to merging. In this case one or more establishments "die" as their

identification number disappears.

Merging and unmerging of firms have a related effect on movements in our

population of establishments.

A change in location (municipality) may also lead to a change in identifi-

cation, and thus lead to a break in time series. But this is a "less artificial"
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cause of mo ,Tements compared with thcse mentioned previously, as it in this case

is more reasonable to speak of a new production unit as a change in location

probably also implies a basic change in "economic environments". Why move

otherwise?

Thus, judged by he establishments' identification numbers there are

substantial movements in the population of establishments during the period

1959-1967. But due to the causes pointed out above, much of these movements,

probably most of them, are artificial. Or put in another way: The identification

number
	

is rather unreliable when tracing physical production units

back into the past trying to construct time series for them. On the other

hand, nothing better is available.
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CCUPOSITIO7 OF 1722 INDUSL ."-?11-743, 3Y „Out-,7- --"""*Tc'mv-0.PTLOSLx,

T 7

croup -	 '4,,.uratz; Oj 7,,,t.uus .,-,,ry -group
Number of
units

Coal 17? -z„mng ••••00000.0060•••••00441.000000006•00W0

r.on or ms41.-ng

Pyrite and copper or mining

Metal mining not ei„swhore clacsifi?d • • ....•4

Stone quarrying 0 o•oo 0 e o • 0 • • • • • • 0 • 0 0. 	 •

Limestone quarrying ........... 0 • 0 e . 0 ••• • • • • • • • • • o•

,,spar quarrying 	 41•••••••••• oo•• 4,00 •

	1590 Minerai quarrying not elsewhere classified 	 2

Total for Mining and Puarrying	 , .

Slaughtering ana prparatipn of moat ........• . • . • $8

Dairies • •• 0•••••• Ooe• a 0 •••••••o•o •••••• •• ••• • a••

Manufacture	 and 	 e r, • • • • • 0 • •

Manufacture of io cr	 ••••••••• 0 	 •••• ••••••

Td-elk coll ctinj stations 	 •••

Canning of fri 	and
	

'etabis • • • • • • io • • • • 0 • 6

Other pr38er -o -tng of fts ang
	 es • • • 0 • • 0

Canng of fish and meat .. 	 • • 0 • • 	 • 0'00,060'o r-

Froen 	 ••••••••••••••••••••,40.••••0•00
	 o

Manufacture of prcparod fiah. dishes

Local grain mills ...•.••••••••••••••• 	 ••••fo'S

Camorciai grain mills — • . • • • • — • • .. • • . • . , • • ..

Ot7wr grain proce ssin,	 • • ,.•	 o..	 •

Manufacture 61 peri0ix.7,bic bake:P .7, products

Manufacture of bisauits otc•
,

lian_olcocom,chocolate ana sugar confectionary .

Manufacture of rnargarine 	 . • • 0:— •	 ,•. • .

Manufacture of 1 -z-vestoc3k foeds • o . , • . •

Manu - 	ure o?othel food proparations • . •

Distilling, rectiftling and Kdionng of

.o •r 	 ,,,2eoer2 and manv -Pa- url ,7n ,, 0c • • e • 	 •

Soft drinks and c,roon ,,,,_ 4 water indu-tries
m t-)c.z.cco marlu -P-ctur-r,,	 e••••• 4 4 i% flo 0 0 • * • 0 •••.,

1100

1210

1620

1',70

1410x

1510

. ,

2010

2021

2022

2023

2029

2031

240

2051

20,2

2061

2062

2069

2071

2072

2030

209 1

2093

2099

2110

2130

2140

2200

15:W Quartz an

0.0600 ,

0 06 0 • *

6080 . a*

•• o

1

4

3

3

Tota4 for Food ProuctL- • 0 • • • • 0 • • • • • • • 0 	 •• • • 	 • •

• 

1 O4

1) For those industry-groups marked with a star (x) output is
dcflated 11.7 means of a 71rice-in 	 for in7oltg

rr 	 r
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Industry
	 Number

group
	

Name of industry-group	 of units

-
Total for TextiZes ....... • ; . • • • . ••••••••••••••• . 58

241 -0	 -14anufac. ture of foo-t;wear ... ••••••■•••••••••••••• 	 1-3

..„.

2431 Man. of garments of waterproof material . 0•••••. 5

2432	 Man. of work clothing ..........................	 .1

2433	 Man. of men's and boys garments ....... 0•00•••• 	 26

	

2434 Man. ofwomen's, girls' and infants' garments . . 	 13

2443	 Wrn. of hats and cq's . • •0•0••••••••••••••••• •••	 3

2491	 Man. of furnishing etc. • • . •• . . " "... • ••••••••• 4
Ç.

2499	 Man. of other made-7,Ip -textile goods .. ... •00•00• 	 1
..

	ca., for Clothing ••••".••••••••••••••••••••••	 67
. 	 _.. 	 __.....	 . ,.	 .	 ....	 .......	 . _	 .	 ,..	 ._

2510 Saw mills and planing mills 
_ _
...	.0410040 . 04,000.00 	 25

2521	 Wood preserving industries • ...... " • .••••••••• . 	 4

	

2523 Prefabrication of wooden houses and structure Ibb 	 1

	

2525 Man. of wood-wooi cement products .............	 4

	

2529 Mi-in. of other build. material of wood etc. .....	 2

2532	 Man. of casks 00* 0•06000.00004000000.0000•00.$1,41 	 1

2599 Man. • of wooden articles not elsewhere classified

2611	 ',Ian. of wooden furniture ..•••••••••••0•••••••••

2512	 Man. of metal furniture ••••••••• •••••••••••••

	Total for Wood Products • ........•••••••••••• 0040
	 45

..	 .	 ...
2710	 Man. of mechanical pulp	 ••••••••••••••.••••.•••

2721	 Man. of su1phiti.3 pulp —•••••••—••••••—•••••..	 13

2722	 Man. of sulphate pulp .... • • . • • ••••••••.•—•• • .	 5

	2730 Man. of paper, paperboard and cardboard ... • • . • •	 40

2740	 Man. cf wallboards etc. •••••••••••••••••••••41 410

	2751 Man. of paper and paperboard container • .. . • . . • •	 13

	

2759 Man. of other paper and paperboard prod. ••••0•40	 5

2311. Spinning and weaving of wool —........... ". • •	 17

2312 Ss-pinning and weaving of cotton and rayon . —.. •	 11

2313 Spinning and weaving of hemp ., jute and linen ...	 2

2314 Manufacture of narrow fabrics . ". — — ... • 00.• 	 3

2321	 Manufacture of hosiery . ................ .......	 2

2329 	 Other knitt;ing miUs ... ........................ 	 14

2330	 Cordage, rope and twine industrit-s ..... . . . . 0006 	 7

2392 Manufacture of impregnated textiZes etc. flO00000 	 2.	 .	 .	 _	 .

Total for Pulp and Paper	 ••••••••••••••••4 • •••
	 103
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Indu,s
group

2:5

industr
Number
of units

■••■••■•••

2821 Printing 4° nc,wspapors	 • ••• • • • • • . • . • . • • • . • • •

2822 'Printing o books ••••••••••••• ••••••••••••••••0

2823 xf L„ntineej of conecia1 matter • • • • • • • • • • • • • • • • • •

2829 x Other printing activity •••••• ••••••••••••	 ••••• 14

2830 2c Boo7<bin 9• • • • • • ••••••••••••••••••••••••••••••

0 AO* .0 00 • •

2891 xE1;.3ctrotyping and st,3reotypinry •••••••••••••••••

2399 x 0 -;!:7z,r	 ..entc41 to irintin

Total for Printing ................

plants . •Tannomes znd boal, 2 14
• • • 	 0 02910

2930 Man 0 of leather proacts CÇTC632';"t footwear etc. •

3010 Manufacture of rubber products •—•••• • .. •

$111	 of calcium carbide and cyanardde ••••••....

3112 Man. of other fertilizers . • •• ••••••••••• ••••••

••oeo•oe•ese

3113 1. an. of ex 7,oc.r:vcs	 •	 ••••••••—•••••.••

3114 Man. of synthetic fibres, re ins etc . ...........

3119 Man. of other basic jd chemicals .

•• • 00 0 00•0 	 •• • ••

312' Horrina oil and fish-meal f.,,,ctori.es ••• • • 00

3123	 Vegetable oil mill,' 900 ••••••••• 0 • ••••• ••• O• • •0 0

3129 Other oil reneries	 • • • • • . • .•••••••• .1114•0

3130 Man. of . painte d varnishos and lac- .1,214, 400
,1,1e1C.

3191 Man. of pharmaceutical preparations

3192 Mane Of soapu 	.1000000

3193 Ma, • of cosmetics, etc.

3194 Man. of candies . • • • • • • • • . • • • • • • t •0

AL-n. of other ch2micc,:1, p:-)duct

••••• 00.0

••••• •• •00C

7 200•0001.••••

• ••••••••

•

0290 0 .;,;zer coal and mineral oi l procas

3310 Man. of structura l clay products •••••••••••

3621 Mans cf g lass an

3329	 o. 40 	 4.20
1	 products from incLich a	 rtlas.s. • .

3331 kan • of chinc, anc.4, fine ,earthenware 6.•• 0

ry and other earthenware3339 174an. of pot .t,

3340 Man., of cement (hydraulic) ••••••••

3350 Man. of cement products

3391 Man« of abrasives	 • • • • • • .

3393 Grinding of other non-me+ailic minraio

3394 Man. of cut-si/one and stene products . . " 0400000

3399 Man. of other non-motallic minerai products

• -

00 0•41.• • ••

010 ••••••

000.60

0 •Ct 00 0

• -Total, or Lvii,ncra, 17).T. ,oducts •••••.••••••••••••••.

2

3

36

t.1

6 3

3

19

9

•1

3

Chemicals 	• • . • .

of c	 . • .	 •6. 4, 	• ••••••••

îO

1•

,!,,, 	 10,1,17,7

•• 	 0 0 • 0 0 .0.0 0 0, 0 0 , 0

• S•000 ••• 01000 WO

raw. mat.
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Industry 	 Number
group 	 Name of indüstry group	 of units

_., 	 ...._ 	 , 	 ...._ 	 ......., 	 _."..,... 	 . 	 ... 	 _,...... ...

3411 	 IC-71. of ferro-aL,oys • • • • • 0 • • • • • • • • • • — • • • • • • • • 	 9

3412 Iron and steel works and rolling mills .. ...... 	 6

3413 	 Iron and steel foundries .......... ............ 	 12

3420 	 Refinig of aZurainium .............. ...... woos 	 6

3430 Man. of crude metals not elsewhere classified . 	 4

3491 	 Non-ferrous metal rolling m-'ll,s ............... 	 3

3492 	 Sraelting on re ining o metals •••••.••••••••• 	 2. 	 .._ 	 ._
	Total for Basic Steel ......•.•..••••.••••••••• 	 42

3.511 	 Man. of wire and wire products . ••••• • •••••••••	 8

	3512' Man. of other metal building articles • • • i • .. • • 	 5

	

351 *3N Man. of steel structural parts .......••••••••• 	 13

	

3520 Man. of mtal shipping containers etc. oi.etoos 	 8

3530 	 Man. of metal household articles .....•••.••••• 	 0r

	3591 x Man. of metal equipment for offices and shop,' . 	 4

	

3592x Man. of lighting fixtures ........ • .0 • • • . • • • . • • 	 3

	

3593x Mdn. of hand too -Ls and implaments ••••••••••••• 	 2

3.594 	 Man. of metal fittings ...•....••••••••••.••••• 	 3

	

3695x &In, of arms and amunition ...... ............. 	 4

	59_ 	 of' other
..
 metal prod. not elsewhere classi . ied_5

	

_ . 	 ____ __ 	 _ _. 	 - -
Total for Metal Produc.'2,ts . • • .. • . • • • • • .. 	 .. • . 	 60

3610x Man. of raining and industrial machinery ... *0 6* 	 11

3620N Man. of agriculturj, and forstry mr,chincry .. .0 	 3

3680e Machinery repair shops —....•••••••••••.• • •• •0 	 tx4

3691N Man. of household, office and shop machinery .. 	 5
3609N Man. of other machinc,ry .....•.•••...•••••••••• 	 14

.• 	 ....•••••••••

Total for Non-EL. Machinery 	 37
•.

371Ix Man. of accumulators and batteries 	 2

3712 Man. of wires and cabies
3713' Man. of transformers, generators and c1ctric motors 3

3719N Plan. of other distribution equipment
3720 &n. of signalling, radio and other telecom.equip. 11
3780x Electro-technical repair shops •••.••••••—••••• 	 2

3791N Man. of' electric tamps ..........•••••••••.•,••• 	 2

3799 Man. of other electrical, products oewo..e0o.o. 	 4
..1•••• • 	• 	 •••• 	 *In. 	 • 	 • 	 •

Total for El. Machinery s0000soosoweses000.soc. 	 74

,••• 	 •••■ 	 NV 	 - 	 .1.
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Industry
group 7ame of industry group 

Number
of units    

3311 -34 Building -ond repair-i,nc of steel, ships .0 —.,	 • . . •	 33

	

3813 34 Building and repairing of wooden ships • • • • • • • •	 7

	3814-* Lan of other marine -i'itach--,,,,nory — . • — ......... 	 2

381 9	 Other	 rvic ,,,s for 37-t4s ••••• •••••••• •• •••• • • 4,	 1

	

3821 34 Man. of railron, cars and iccoinotii)os •• 00 0.• • •	 3

3822:	 .epair-Eng of raiZro(A.,''d. cars c.n.,.. "Iccomotivcs • • • .	 , ii

	3821: Man. of boiies for motol, vehicles' —.... • .. • • • .	 2

3839 .41 Mane of motor vehicZes . c;,:nd part., not clscwhore
•

4.)	 1.0 	 • • 0	 o o • 	 o • • • • • • • ••••••••■••• 00 0*

384 0	 Repair of motor vehicles • • • • • • 9. • • • •••• ••••••

3851	 Man 0 of mo,or-cycl	 1-1-1,CyC1(:),9 •••••••.•.•.•

3860 - Pln. of rrcrft G eI1!*JO$O•—•••••••• 0 4100

3890 * Man. of transport E3 	 /rent not o1sewhcr3
classified ••.•••,..............••... 4 6 OS ••••'•-•

forfil -oons -xzà_ ernnt • 00.00000 .06 0-t;
	4. 	 a.

	 .6 00

.4.4.■■■ 	 ■•

3940 Man 0 of ijewe'lL3r7) zndproa%ct- -3

3991 ),./
111,n 	I.

,1, 	 ,
• , o • • • • • • • 	 • • • • •

3994	 Man. of pla tic ri.,..- ociuc-37-,-s no, el-ewirr ,2
classified . • ••••••••4.	 09.'000 0 9 ••• 066 00 0E10 rt.,.

39 9 9	 Man. of othe.-r- 7:3d2,ajte
ClaSSi 1.0 „ .4..0 3.0.,49 •• 119• •• •• •ø 0000OG 00 ••••

Tot(fl f.-;tr Misc. Pr,-ducts	 0 	
1

Tot	 vy,e1,7 	 tyr 	 4 	 e,"a 47'
	44.1, 10.44 	 to.„, 	 I t‘',1	 • 0 Ø it • • Ø	

t

17

1

3

3

87
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APPETIDIK 3.

SOME DATA.-CORRECT IONS .

By inspecting the raw data for our 907 complete time series we found a few
characteristics

strange 	 I 	 such as for instance an establishment reporting to have

no wage earners (n1 ) in 1964 while it reported to have paid more than 1.3 mill.

Nekr. to this kind of employees. This is clearly inconsistent and as it reported

140 wage earners in 1963 and 146 in 1965 it is n1=0 for 1964 that must be wrong.
1)

In this case n1 for 1964 was "interpolated" by means of n1 for 1963 and 1965

and wages to wage earners (141 ) in 1963 1964 and 1965. In related cases of
characteristicsobviusly erroneous 	 elated interpolations were carried out.

characteristicsBut only central 	 / 	 such as wages to wage-earners, number of wage-

earners, gross output and 	 material input are subject to such corrections.

The alternative would have been to exclude these units, but the "correction

approach" was chosen fram the point of view that it is better to correct an

obvously incorrect information of a time series, than to exclude the whole time

series and thus loose the information present by the other eight years.

Evidently the exclusion approach could have been substantially less serious

provided we accepted incomplete time series. But that is not done due to

reasons pointed out elsewhere. Cf. footnote 8 of Chapter II and Appendix 11.7.

1) There are several possible causes of such errors in data like bad
reporting, mistakes in the revision and control of the forms
and accidents in the tratisforring of data, particularly when cards
are involved. It isn't at all easy to locate the stage at which
each error enters the data, and thus no attempts are made to trace
the sources cf them.
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O 'D -D77F-TX d

CI-IECLJLÄTIOII OF MISS= VALUES POT? SUP STDIES AND DU'r..TES.

As poitte'.1 out we 4.-lon't Lye
 —Iformatiol about subsiies and duties for

1959 and 1960. Thus to get a mea ure of output that is comparable over years
to

we've either to comp - te it in market prices, or in one way or another/estimat

subsidies And duties for 1959 and 60 to obtain a measure in "fnctor-prices".

For most Industries it does not matter much whether we we market or factor

prices. But for a few, particularly those using inputs from Agriculture and

Fishing there is a substantial diff ,arence between these two measures.

Therefore te calculation aPproach is chosen.

We adopt an ad hoc procedure that is based on the assumption that there

is a fixed ratio between subsidies and gross production and duties and gross

production. A.d še calculate the r1ssing values of subsidies and duties as

t
2

1.L• 1,61	 1,69 i= 1 ,2
f
t =59,60y 	62

• There a7- -three matters that would Make the "estimat-s" thus obtained

pasicly invalid.

Firstly, for sorri types of activities dutis or subs -'dies are rather

(1 ,-, termine by input of materials than by gross production. This is presumably

not very serious . a t tial shor, 'run we wou_d expect a fairly stable

proportionality bet -ween iliterials ac' gross production fr each	 hment..

So it shul ,2, no matter mUch which one we use in the formulas above. And as

we would like to use only one of taer.4e variates, gross productiou was chosen

as U2 and U -Pr-vr most industries is eV.,Irmined by this varable.

Secondly, a change in the product mix (or mterials input mix) may

have taken place during the period consjelered. Tl ° ,.is clearly of importance

only if duties or subsidies d-Tend n certain kinjs of outDutS or iUts.

But again, t L peritd un er consideration is rathar short so that serio , s

errors due to tFis arguement'areunlikely.

Thirrily, there may have 1.- een changes in	 policy of the Government as

concerns duties and subsidies for Mining and iiiänufacturing Industries. Now

there are always q‘.11:1P minor changcas andadjustments in this policy. But for

the period under consideration there are no changes that can make the missing

observation "estimation" basicly invalid. Thus all in oil this method of
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obtaining subsidies and duties for 1959 and 1960 should not te too bad.

And by an inspection of the "estimates" 	 obtained the method seems

to work quite well. The quality of the reporting on subsidies and duties

looks surprisingly good, and the effects of what may ba present of errors

of observation we have tried to reduce by averaging information for 1961

and 1962.

APPENDIX 5.

THE "PRICE" DATA FOR GROSS PRODUCTION AND MATERIALS.

e,

a. no "Price"-Data Used.

One important type of information is not provi(le -:! by the Census of

1963 or the Annual Production Statistics, namely information on prices.

Except, perhaps for labour input for which it is possible to get sort of

a price variable by means of the information available. For output, materials

and capital input we have, however, none. The lack of individual 2rice-data

for these central variables is certainly not just an empirical problem.

It is equally much, or perhaps more a conceptual problom as it is not at

all that clear how the price and quantity components of, for instance, gross

output or value added shall be separated, pr'L'vided also that these price
, 	 1)and qua 	 untity components ust be comparable across establisnments.

Nothing can be done by these problems in the present cd ,ext. On the

other hand there are some possibilities to ol,,tain price . d'ata to deflate UT' ,

1) This problem is basicly due to the approach adopted in this and
related studies. Namely to squeese a'multioutput multiinput
problem into a one output "few" input frame. And also partly
due to the fact tnat production units ' ,47*.ith wiaelY different out .out
and input mix are merged into one "industry". These, lasicly , index
and aggregation problems, will not be 1 iscuss3d here as the data
available do not make a suitable basis for an empirically
interesting discussion.
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variables of different years so that they refer to a common price base.

The ,,est source available for such price-;iata seems to be the more

disa9gregaLed national account system. 2)
	

using the data for gross
_ 	 •

production and materials in current and constant f.o.1)'.• 	 prices

respectively, we have an implicit prîceindx to deflate the corresponding

variables of the, individual production units of our study, and thus wc also

get sort:. of a price-inx for value 
added 3)..4)•

2) For Mining and Manufacturing there are about 85 sectors in this
accounting system.

The lase year of tho national acount.systm is now 1961, while
it was previously 1955. By simple chaining wo got indices with
base in 1961 also fipr 195S and 1960,.

There is a difference 3etween the gross 1,17 i.uction definition
in the national account system and the on used by us, as the later
Ib in factor-prices". Data for a crresponding ,:ifinition is not-

availa'Ae in the national account system. Dut this discrepancy
shoul:, not matter much.
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b. An Evrauation of tho "Price-Data"'

This 1 procedure to bring th ,z variables on a common price base is clearly

rather rough. On the other hand the numbers of the nctional accounts sectors

under consideration are o' -)tained from the same source of data as the empirical

base for the present stus4y, namely the Annual Production Statistics (and the

Census in 1963). The main difference is that while our sample consists of

establishments of so-called large firms only, the national accounts numbers

are based on information for all units covered by the statistical sources

under consideration. Apart fram the pure aggregation problem which is present

for all such index-numl;ers, the quality of our deflators depends critically

on if the output-mix and materiati input-mix Of the units of our study are

much different from the "average" mix of the production units of the national

account sectors to which they *belong. By selecting large firms we automatically

also select the large establishments. The more important units not covered

our study are those of mecilium size single unit firms, that according to

Norwegian standards are those with 50-100 employees. While the 907 units

selecte'3 cover only about 5% cf the number of establishments on the average

for 1959 through 1967, these units have about 50% of total employment, gross

output and materialsinput of the industries they cover. So the question of

differences in output mix and materials input mix between units of this study

and those making the base of the corresponding national account sectors can

roughly e identified with such differences between small and large establish-

ments. This suggests also that it probably is of highly varying importance

for different sectors. It is presumably of less importance for sectors of

the 20-industry group (Food Products) than for some of the sectors of the
5)

9 7-industry group (Pulp and Paper Products) 	 Thus for 30MA2 industries at

5) The results for the 27-industry from the Census-study suggested that
there are substantial differences between small and large establish-
ments of this industry, Loth as concerns technology and kinds of
activity.



least the gains of ,leflating the variabLa3may be quite low.

The price-index of ( -atr,ut i - for sorac industri3s,howevz>r, quite mislea2L ng

in 9 .n,Ither way, and this comes out to have serious effects on some cf the

results of the ir: ( UStrioS concarn. For some natinal accounts sectors the

price-(flata are very spotty or gonorally of poor quality. 7or thèse sectors
are computed.

 for output/ny' - mea7ls 	 1,ric-data for the inl-uts; deliveries

fram other sectors and labour.
e

of labour are not eliminat,12 frz,la tha 	
e 	

Lata, the price-increase for

the industris concernd is overstated and thus...the ,,,Tr,rowth in output "in.. 	 .

constant prices" is understated. A further discussion of tho , ?articular

prol lams this price-itia:x computation causes -or the intcrpr ,, tation of the

results is i.- 1.:sented in Chat 	Cf. als- 1.ppen(l1x 11.8.

.6) In Appondix 11.2 industry groups for which the output price indices
are computed in this way arc merke with a star.

6 )
	

increasec: wages „ale to im produc t ivity pr3ve,...
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tiPPENDIX C.

SOME REJECTED RUMMIES OF TEE , CAPITAL INPUT MEASURE.

a. The Role of Inventions.

It is not uncommon to inclua inventories in the capital input measure

with an appropriate weight. 1) This component of capital input is presumed

to reflect the costs of "optimal" stock of 	 materials, semi-products and.

finished goods. The main problem with inventories in this context is that

they very probably contain significant transitory components, reflecting transit-

ory variations in demand for finished goods or supply of
	 materials. 2)

And as one should be very careful not to introalc± more transitory elements

into the capital input measure than is strictly speaking necessary,I decided

to drop inventories as a component of this variable.

b. Weighting of Components.

In principle a sli3ht1y more 'refined" capital measure could also be

obtained by weighting the two components of K in (II.11) giving the larger

weight to K2' value of machinery, and thus taking care of a presumably higher

depreciation rate for this kind of capital compared to buildings. But in one

way or another we have to use the information of investments to obtain capital
separate

data for other years than 1959 and 1963. And as we do not have/information

ebout investaLents for the two kinds of capital, we must necessarily have adopted

rather unreasonable assumptions to obtain a "weighted" capital measure for

all years: Vor instance, that the composition of capital for those years

we have investments only, is more or less the same as for those years we have

information about capital. Thus the price of this refinement seems to be too

high.

1) This is done in the Census study, for instance.

2) For instance Herring 011 and Meal Factories are subject to substantial
variations of both types.



namely trio_ on

and ini;ut of

ot t...irice-movements of caita.werrc 	 sfrgross
	 oduction

aa, ori 	 we woull 11k tq Have elimir,ated o pr1ce7.ovements

have deflatz'.d.:•-• 	 atelv _Troy

Lenti4 	 'these, 'componen s of 	 ealital-&-ec

1963. If so one could have 1- -ken care 	 • . , , •reric

h ,-, t we cou d have

4 19'

n ttr-4!ove -all rriPe-lvci

,.f9r,-0th.or y ar

C. Sp'atc D Jrtating,  of Components .

The...weighting.:.issue.. is related to another one :: that deserves some comzilts,

over time of the cap,tal measure. Thus
	

have a.1;-.)1icd a common aggregate

Available
As t 4,..!rz are Pric2 inlices for differzmt c tegories f capital/ we cc.'1 ,1—

price-index for capital as shown in (11).

of the : capitaJ,..stockf-d.ifferent....establishments : . :due : to.43: : fference :s :. in .th

composition of the stock. This is clearly not sp.importian.t..if-hP•'PrCe.H•

movements of tb .e.. two kinds of cepital had been  :ro.ugbly. the same... 13 the Present

case this,• 40s. not .se ,,,,z.to• be .the case, how,der, : as•buijqings. aeem.to have -become

relatively more ex,,ensive c,olialare.d	 machinery	 the: period consider,,.. 	 . 	 .

The price -in4ices we useare 1 asi Oli -informaion about .prices of

investments, for different kinds .of : capita.1.,: .For buildings .in 1tnIa ar

.- Manufacturingthc. price. index is „about 133.	 and the • indc. foriliathinery

.index.. we set for total . .. capital	 -W4Fi,hting.. t hese .two. 	 : 	 • 	 . 	 . 	 . 	 . 	 . 	 . . 	 . 	 . 	 . 	 • 	 . 	 . 	 • 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 • 	 . 	 • 	 . 	 . 	 . 	 . . 	 . 	 . 	 . 	 • 	 . . 	 . 	 . . 	 .

using"ca tal stocs of Li tqo in 1 s of capital_ as weights, 	 •bout

124., all 1114i0.4as. .Wi ..th -..b .6.»'6;e- in 19.61, 	 even :4 : t.,,iindex may work. . . . 	 . _

fairly well on the average, it is verv littlt; estaldishment

Therefore,  quite ...likely there is a signiSicant "transitci ,7" component in- 	 _

incomo t. ,iricccurat 	 ckf1at ing. •••• • ••••looks
• • 	 -

sit i fcintiy
 • . 	 • 	 • . 	 , 	 . . 	 - 	 • H . . 	 • 	 • 	 •

app rczach
.
 cuii le a1ote•. 	 •

3) As for gross ro1ucio ars_:1 raw ma_crials the in ices availalsle for
gross investments for'1959 and 1960 have 1555 as •as.  - And
correspondingly in tiis case, 1)- sin: 	 chainim-, of corresoondino .

indices with base in 1955 r.4.n 1 1961 we get ::rice, indices for gross
investments with base in' 1961 )r .59 and 1960 also.



APPENDIX 7 .

THE TREATMENT OF MISSING OBSERTAITIONS FOR CAPITAL

a. Introduction.

A very common empirical problem of econometric research is that of incomplete

sets of data, or missing observations. This is particularly.true for studies

based on micro-economic data, as the missing values usually dissappears in

aggregates. On the other hand such aggregates constructed of incomplete

data at the micro-level may be subject to serious errors of measurement.

This problem is well-known among the main suppliers of micro-economic data,

the various national bureaus of statistics. And they have control and revision

procedures on the current statistics by means of which obviously inaccurate data,

among them also missing Ciiservations are correctA. This is, I believe, mostly

done by getting correct information fram the economic units concerned, at

least for the more important caracteristics. Eut there seems also to be some

amount of "guessing" with a fair room for personal judgement what are

"reasonable" values. And after all "guessing" is generally better than to do

nothing at all. Quite probably, the aggrcgates that usually are the out-

put of such statistics become 'more reliable by such corrections.

But nevertheless, for some reason or another, after the correction ana.

control has taken place, there arc quite often a number of missing observations
.

on important variables left. And if , an econometrician is interested in

ana1ysin3 these data at the micro-level, he has todo something with them.

Usually this problem is solved by excluding the units concerned, or not so

often, he continues the work of the supplier of the data and ".suestimates"

values of the missing observations on ad hoc basis.
■

But evidently One should not be too satisfied with such ad hoc solutions.

It is,however, probably impossible to obtain more satisfactory methods that

are generally applicable .07.1 the whole range of missing observation problems

in micro-economic data. On the other hand there 	 exist methods that can

solve partial missing observation  problems.



One important property of such methods must be that it makes the

"r-uestimaticn" look more like true estimation; laa: P economic thenry and statist-

ical methods are applied -o'•mak the ..esLimatiOn'Of-MiSsing observations More

systematic. By putting such computations into a econometric freme it may also

become,1 easier to evaluate what r:?_ally happens to the data, and eventually to

the results of analyscs carrie -ut on data with missing observations estimated

by means of the observations retorted.-•

In this Appendix we report  C: n some attempts mad 7, to ‘.stinate"•missing

observations for capital. Even if we are not vary successful in these attempts,

they seem to be interesting enough to d. - serve a fairly dotailed presentation

and discussion.

b. The Canitai Data iias

By inspecting the capital numbers reported for 1959 and 1963 a significant

fraction of the establishments was found to report no buildings or no- •

machinery for one or both of the years..

This suggests that the capital data are rather shaky. But they may look

somewhat poorer than they really are. Firstly, by a closer exzminati.n f the

numbers, it cames out that most of those establishments which, reported one

of the components of capital zero for one of the years, have lumped together

both categories of1„a'-1 and reported it as eith.:,r buildings or machinery.

This conclusion is based on the capital or- 	 eIrtr'i fore- _ the other year when the

categories were repotted separately, the investments in the period between

the two years under consideration and price movements of that pen i

S-crladly, sr)7.ae of those establishments which reported only buildings or on

machinery for both years seemed to have lumped together the two categorier,
•,

for capital
	

r both 'years and have reported it either as buildings or as

machinery. This conclusion is also based on investments and trice movements
'.	 •	 .,'

of capital, Dut in acua,lon on the level of employment and value added of the

units under consideration. For these units we accept the values of capital

reported as r ,,presenting total cap -al stock accordi. - g to the definition in

(11) above.

There are then 60 units left with missing or obviously incomplete in-

formation on capital for 1959 and there are 37 in 1963. The net number of
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units with incomplete information on capital is somewhat lower than the sum of

tbege numbers, about 85, as thcre are 12 units with missing or incomplete

information for loth years.

As pointed out in section 11.2 -ur 907 units are divided into 15

"industries". 1) In table A.II.1. the number of units of each industry is

presented to-ether with the number of missing observations for capital of each

of the years 1959 and 1963.

T‘.-zbio A. IT.1

The Number o Establisnments and the NumbarL2L17.121912aLuga

for 1.959 and 1963 bu Industry 

•••

Industry 	 Amber of
	

Number of missing

groups 	 Industry 	 est.monts	 capital value    

1959 	 1963      

11 - 19
	

Wining and Quarrying

20 - 22
	

Food Products

23
	

Texti -ws

24
	

Clothing

25,26
	

Wood Products

27
	

Pulp and Paper

28 	 Printing

2.9 - 31 	 axic Chemiazis
32,33 	 211:713ral Products

34 	 Basic Steel

35 	 kletai Products

36

37

38

39

	

26 	 0 	 1

	

164 	 9 	 10

	

58 	 0 	 2

	67 	 6 	 6

	

45 	 1 	 1

	

103 	 8 	 1

	63 	10	 1

	

72 	 4 	 3

	

36 	 1 	 0

	

42 	 1 	 3

	

60 	 7	0 	 3

Non-EZ. Machiwry 	 37 	 4 	 1
gi. Machinery 	 34 	 4 	 2

Transport Equipment 	 87 	 (.,4. 	 2

Misc. Products 	 13 	 3 	 1

Total Mining and Manufacturing 	 907 	 60 	 37
• ...... • 	 • • 	 •

1) In Appendix 11.2 the composition of the inclustries is presented.
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We note 	 the re1atîv. nuier of missiz ca:;ii al values is quite different for

illduvtri S 	r3 are isi
	

Ni
 

in arid Quarrying and Textil

in 1959 and Mineral Proiucts in 1963, while alm3st 25% -117 ,-, missing for Lase...

Products and about _C)% fC1 Print- in;3 in 1959. 
2)

As we accept cotir)iete time -series only, we see from Table A.II.1 that it .

would, at least for some industries iy:-rly a substantial 1 ,-_ss in number r

of freedom, to exclude the units with missing observations -f ,„7)r. capital. On.

the average the loss is almost 10% of the Ittal number of -egr ,,, e.7 of freedom.

If we on the ether hand, in one way or another managed to estimate the missing

observations we "loose" 	 than 2% of the t-tal number of degrae of frodom.
.•

Thus there is a strong
. 	 •

argument for adopting the estima,lun approach . in this

case.

C. The dci and the Basjc Propc2ti33 of the Mothod

The print of departure in our attempts to ostimate „Lissing c abital

oLserva ions is the "main model" of this stuc -ly. -;

(1)
	

-1- ax + 3z + u

"7 X =

Where y 	 1n 	 X = lnL, 	 lriK a 7 TA7 =mW, and u and v ore error of

relation terms assumed tohave zero mclan, and consant variances. They are

distri 7-uted indcpendc,ntly and show 	 serial corrzlation.
•

,

In the litterature of ho to treat missing observations n s,tatistica..

research a number of methods are  proposed. 4) The number cf potential m ,thods ke,

Th - difference in the total number of missiniz capital observationsfor.
the two years suggcs ...s that there either has Leon an improvement
in the reporting andior the control of the data, or that- the qualitv
of Census data is. better than that of the Annual Industrial Prediction
Statistics,

3) Cf. Chatter I and Cla-,
	 TTT

4) For a survey of the litterat-„Ire and discussion of the di—erent methods
cf. Elashoff, R.M. an Afifi, A.A. "Ylissins 0'._, servations 11a
Multivariate 9

M Journal of the American Statistical. Association.
it-0Part 1 , Review of the Litterature 19 	 Part II; "Point hstima,ion

in Simple Linear Regression", 1967, Part III; "Large Sample Analysis
of Simple Linear Regression", and Part IV; 	 Note on Simple Linea-
RenTession", S;6,
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however, substantially lower in the :res-nt case, as we consider a particular

situation; when observations for only one variable are missing. And among these
methods

/ only one will be considered, namely the one that -,?resumaly is the more appealing

intuitively. Th,- contents and implications of it are also easy to understand.

But to be sure a fairly detaild deduction of it is presented below, also as this

clearly shows under what conditions a couple of ad hoc methods do not work, under

what conditions they may work, and also under what conditions one of them may be

better than the more "refined" one

To illustrate the basic properties of the method we are going to use, let

us for a moment assume that labour input is not Subject to profit maximization,

that is; the behaviour relation in (1) is invalid and also that the variables

are correctly measured so that x and z are two true exogenous variabl s in the

production relation. Then we know that the ordinary least square method on this

relation gives best linear unbiasedestimators for a and 13.

Now we have n sets of observations of which n1 = n are complete. Thus

there are n - n
1 "unknown" values of z and we are going to est imate these values

along the same lines as a and	 We can write the sum of squares function to

be minimiz d as:

(2)

n
(x -xU2 = r1 (Y1=1_ 	 11

+iz
= n +1 21(y .-v-eqx

2i-x)

- 2
-13(z-z))

-3(z
2i

-z)) 2

where the subscripts 1 and 2 of the variables refer to complete

x = a . , x, and z = 171. E
=l :i  refer to all sets of observations,

- n n1=1 1
sets of olservations respectiveiy and the averages y =	 y.,

ln

that for z also the n. -nl unknown values of z are included.

Minimizing (2) with respect to the unknown z - values gives the n - nl

I. order conditions for minimum as :
1

DU2 	 2f3. r 1
rt

az. = n •1=1 y .

-

Z
1

and incomplete

which implies

(3) 2ß nE
n.

1=n1+ 1
x)	 a(z .	 ))

n `Y
-

	

z- (3(z 2. .	 )) = 0 (j = n

	

3	 1 .....,n)



1", * (j = n1+1,.......n)

5)im 	 tacthat 	 the second term of (2) disap -pars.

But estimating the n - 	 .
1 	 valuos by means of (9

39

As the sum of the two first terms of 	 is zero due to the propc!rties of the

.(aast square method we get:

(4)
3 	

a(x
23 	 = n1 	 .....n)

That is, each unit with a missins 9 1:servaf- 4on.2:-,t3 avalue of z which givcs an

error of r...Ilation of zero for the unit concerned; in other words the error

is "abefIrl-ed" in the estimate of z. This'isa property of the method subject
,

to furth2r comments hc;....ow.

Now, the formula in (4) cannot be used directly to estimate the missing

z-values as it includes z. but z is found in tho following way:

From (,) we have that:

(5)
n

,F
1=1, + 14

*W.

7 	 a 13 (Z 2 1	Z) = O

Due to the p-J-erties of thc bast square method this impli'zs that

4 y 	 sa(K,. 	 -x) ii = . O

And so

(7)
11z=— 	 (v .
(?)n, 	 '11i 1=1

"s' Ot, ( X. 
1

or

1 -
— (y, - y - a(x 	 x)

1

ere 1	 1'
=-L

n
1 1=1

(k1 = 37, 9

N

Inserting (8) into (4) yields

ocs also

-) There are no degrees of freedom left" for this part of the sum of
squares function.
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Thus to estimate a and (3 we are left to minimize the sum of squares of the

complete sets of data. In this expression -z" enters also. But inserting (8) into

(2) yields:

n
(10)	 U2 = E l (y1 .

i=1
- 2

a(x
li
	x )	 gz 1 . 	 z i ))

1	 .1

Thus this least square method of estimating missing observations is, not

surprisingly, separable in the sense that we first can estimate the parameters of

the relation concerned by means of the cork)lete sots of data anj then use a

relation like (9) to estimate the missing variate-values.

d. Modifications of the Method I

The procedure of estimating missing value- for capital deducted in the

previous section is Lased on assumptions that imply consistent estimates from

the ordinary least square method on the production relation. Now the main model

tells us that profit is maximized with respect to labour. And we know that the

observed capital data are of rather poor quality, containing a substantial, but

presumably random error-comicnent. As is shown in Chapter III this implies

inconsistent estimates on the factor-elasticities when applying the ordinary

least square method. From (9) we see that this does also imply inconsistent

estimates on the missing capital values. 6)

Therefore we nee(: a method taking care of both the simultaneity of y and x

and the errors of measurement of z. Such a method is discussed in Chapter III.

It implies that the elasticity of labour is estimated by a particular factor

share method, assuming the elasticity of substitution equal to unity, and

that the elasticity of capital i $ estimated by a size- dummies instrumental

variable method. 
7)

The adoption of another estimation method than simple least squares to

estimate a and $ has no consequences for the "algebra" of estimating the missing

capital values as deducted above. To estimate we now can apply all sets of

6) Given yi , xi , z l , yo . and x2 . we get the probability limit of 2 2j
_ 	 -J 1

	23	
a +bias a

A
as: plim z	 z	 -	 (y,	 ) ------------- (x, -

f3 +bias	
R )2j	 1	 A 	 U

. 	y 1	 +bips

	

A 	 ij	 1

when having estimated a and a by ordinary least squares. And under
reasonable assumptionS we have bias a 0 and bias < O. This implies
that we overstate the deviations of y2 .4 from the mean of this variable
for the complete observations and thus'also the transitory components
in output. We also overstate the importance of the deviation of labour
from its mean of the complete observations.

7) Cf. Section 111.4.



data, while the complete sets only enters thn F is e timand. Relation (9)

is still 	 as the only wa' , of stimatig the intercept of the production

r(.1aticn is by means o the comp1tc se s ot data.

Two Ad hoc Methods to Compute Musing C:pitai 7:7,,Zues.

Ravin. estimated a and
	

the ca- Ital estimates from (9) as

(y2,
a,

	

When working with incomplete 	 one may be tali: d to "estimate' the.

missing values of a variable Ly means of the a7rage of this variable for the

complete sets of data. That would in our case icie equivalent to ignoring the

	

two last tenas of the right side -
	

1). 'ut even if there may Le substantial

transitory variation in y2j this method is not recommendable 
in the present case

as it ignores completely diffnc ,, s in size of the units.

We can, however, writ (11) as:

(1 x,.
1 Y ,

(1-a4)   

A 	 we see from (12) t1at another 	 oc method may work fairly well frovie , I

we have approximately constant returns to scale. Y,amely by using he geoetric

mean of the capital labour ratio for the complete.e sets of observation to Compute

the ca-1 -1„ 1- abour ratio for the iacciaplet,,11 sets of -ata. in that case the last

term 0; (12) is ignorable and the iff rence etw en this -hoc method and

the least square method is that th&; lattertak,es care of the differenc,, between

the aver t productivity of labour of each of the units with incomplete data and

the average for the complete 	 s of data. -Thue in case of large transitory

nat i: n in output. between ui s; or in other words a large st ,,ndard deviation

of the residual, the ad hoc procedure

th_ least square method.

m-y give more reasonable results than
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f. Modifications of the Method., II.

As we for our kind of data may expect rather poor , fit, we should adopt a

mixed method of estimation: We estimate the missing capital values 1y mcEns of

the "consistent" method described in section d a!.ove. If these estimates are

within certain limits they are accetted. If not a modified version of the average

capital/labour ratio for complote sets of data-method is applied.

The limits of "the region of acceptance" are determined by the average

capital/labour ratio for the industry concerned so that the lower limit is

one third of the average and the upper is three times the average.
 8) But

for units with missing capital values for only one year an estimate for this

missing value outside the region is accepted provided that the observed

capital/labour ratio for the other year is also outside the corresponding region

for that year, and outside on the same side as the estimate. This implies that we

consider each of the two years separately in the first stage of the estimation

procedure.

With the exception mentioned estimates below  the lower limit or above the

upper limit is set equal to the corresponding limits. This seems to be better.

than to estimate them by means of the average capital/labour ratio as extreme

estimates may he "true". In a sense this last step in our procedure corresponds
9)to the method of "Wisorizing" samples in errors of variables situations.

Thus the main part of this method of estimating missing observations is

theoretically fairly well founded, but "the empirical reality" forces  us to adopt

ad hoc coloured modifications. And the results of these experiments show that

this is necessary.

The Results

ln Tale A.II.2e the estimates on a mad 8 are presented, and also estimates

on their stanard deviations according to formulas presented 	 Section 111.4.

8) This .region may look too wide. But I think the limits are reasonable
as the"probability"of rejecting an estimate that is "correct"
should he low. As we then also obviously accept a number of "wrong"
estimates conforms quite well with the quality of the observed data
that evidently contains substantial errors of measurement.

9) Cf. Tukey, J.W.; "The Future of Data Analysis" in The Annals of
Mathematical Statistics vol 33, March 1962, pp. 17-19.
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The mean square error of the res ,1- , n1 obtained from ordinary le-st squares on

trie CoLE Douglas relation ,Iipplied on the co,,p1te sets of data is also presented

to give an idea of the fit, or rather the unexp1aina(1 variation in output. 
10)

As we see from this tal a, the
	

is poor and we have not oLtainel a
Tsn 	 " determinaCon of the parametr,r-values. Thus, as ex-ecte(a we get a numl7er

of "wild shots" when "e-timatine missinç, caital values hÿ meats of our method.

A total nuail:er cf 21 of 93 "estiraats" are outside "the regions of acceptance"

discussed ahov. This is no unreasonable mumler judged -5 .7 the contents of

Table A.11.20 And fonr of these 'estimates" are not necessarily so "wild" as

they may look as the c apital/labour ratio for the other year for which capital is

reported is alsooutsido the resion of acceptance. Thus these estimates are.

accepted also. For the 17 remaining wilci shots" T,re present in TaLle

their distribution on industry and year and if they are "too low" or "too hig,

No results are7=-;sented for disc. Pr .lucts as the method could not
be applied on this industry due to cl'egra,es of freedom pro!=, ems.



Industry

Mining and Quarryil g

Food Products

Textiles •

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Minerai Products

Basic Steet

Metal Products

Non-El. Machinery

Electr. Machinery

Transport Equipm.

0,641 0,324 0,965
(0,034)(0,037)

0,625 0,322 0,947
(0,029)(0,060)

0,749 0,296 1,045
(0,045)(0,052)

0,526 0,373 0,899
(0,020)(0,030)

0,721 0,367 1,088
(0,034)(0,060)

0,568 0,431 0,999
(0,045)(0,053)

0,643 0,410 1,053
(0,050)(0,058)

0,547 0,604 1,151
(0,034)(0,043)

0,680 0,286 0,966
(0,035)(0,045)

0,686 0,371 1,057
(0,037)(0,039)

0,687 0,267 0,954
(0,047)(0,058)

0,858 0,227 1,085
(0 ,037)(0,022)

a
2=7

64'

1963

1+4

TABLE 4,II.2,

Output Elasticities of Labour and Capital Estimated

the Complete Sets of Data in 1959 and 1963 :e

0 172 	
0,605 0,367 0,972 0 163,, 
(0,047)(0,035)

0 367 	
0,649 0,243 Q,892 	 3730,
(0,036)(0,037) 	

,

0 161 	 0,587 0,278 0,865 	 1140, (0,025)(0,043) 	
,

0 11 	 0,615 0,346 0,961 0 118,2 	 , 
(0,022)(0,067)

0 173 • 0,753 0,364 1,116 	 2230 ,, (0,051)(0,055)

0 12 	
0,635 0,233 0,868 	 1440 ,, 0 (0,025)(0,032)

0 147 	
0,770 0,232 1,002 	 1330 ,, (0,029)(0,036)

0,657 0,327 0,984
0,390 	 0,510

(0,061)(0,054)

241 	 - 0,164

0,621 0,420 1,041
(0,041)(0,048)

0,608 0,382 0,990
(0,028)(0,041)

0,726 0,319 1,045
(0,053)(0,059)

0,655 0,576 1,231
(0,049)(0,072)

0,778 0,280 1,058
(0,028)(0,019)

0,146

0,144

0,089

0,148

0,124

0,171

0,107

0,166

0,197

0,089

Cf. Section III.4.d about the method of estimation applied.
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primatot, on.ss no. ,-,,n1. tal l'ai„uoa 	 11:,0,on of Accoptanc-,, C"1„,	 / 	 72,,,

awn or of iLd sh,

Indu.try
	

leb;
	

63
Too "low Too 	 m,, l.)to Too h
	

Total

Mining and aani, c

Food Products

Textiles

CLothing

: 2'ocd Product:,

Pulp and Par)or

Printinj

Basic Chemicals

Wnerai Podu 4-

Basic Steel

Metal Produc ts

Non-Ei. Machinery

EL,octr, Machinery

Transport Equipm.

Total

1) 	 t

o 	 0

o 	 0 	 2

-

	 o 	 0
	 o

o 	 o 	 0

0
	

0
	 o

o
2
	 o 	 0

	
2

o 	 2
	

0
	

4

0
	 o

o 	 o 	 0

o 	 o

o
3
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note that Basic u o„micals hat 4 wild shcts. Lnd ,is is a tather poor

result 	 this industry has 7 missing capital valucs only But as it also has

the highest mean square error ona our industri , this result is not too  sur-

prising evcn if more than 50% WilL shots is somcw a- more than onL. would expect.

On the other hand, Food Products which also has a
•

high mean square error behav e s

fairly wel l as only 2 of 19 estimates are wild. We also note that for Pulp and

Paper and n-El. Machinery we have only one estimate in 1963 and both are

even if the mean square errors cf these industrias ara rIative1y low0

we see fram these computations that the 59 data -, re of poorer quality than thosz:

of 1963. 1959 has more than 60% of t Le
 

isslag observations, and it has an even
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higher fraction of the wild shots, al:out 70%. This higher fraction of wild shots

than of missing observations may be explained, at least partly ley the fact that we

have a lower numlaer of degrees of freedom in the second stage of our estimation

procedure for 1959 compared with 1963 just 'aecause the former year has the majority

of missing values.

As pointed out the missing capital values for those units for which we get

"wild shots" are estimated by setting them equal to the upper or lower limit of

the "region of acceptance" depending on whether the wild shot is above or below

this region. This implies among other things that the capital values thus esti-
information of

mated are in some cases quite "inconsistent" with /the other year for which capital

is reported, taking investments, price movements and depreciation into consider-

ation. This may clearly also be the case for estimates within the region of

acceptance. But such obvious inconaistences can also be observed quite

frequently among those units with complete sots of data.

h. Calculation of Capital V:aues for Other !ears than 1959 and 1963.

h.i The Information Needed

We have, ia principle, information on all characteristics, but one of those

necessary for the computation of capital values of other years than 1959 ad

1963. We have capital values for 1959 and 1963 and we have gross investments

for all years. And we have also a price-index that makes it possible to eliminate

even if in a rather approximate way the price movements over time in these two

variables.
11)

What we need in addition is information on depreciation.

Adopting the simplifying, and also rather dubious assumption that the capital

stock as measured by us is reduced by a constant fraction during one year due

to depreciation, 12) we could either apply the "official" depreciation ratios,

for instance those applied by the CES, or we could try to estimate them. The

simplest would clearly be to accept the former, but as they look unreasonably low,

about 57.-6% on the average,the latt 2r approach is preferable  as it also may serve

11) Cf. Appendix 11.6.

12) Evidently a constant depreciation ratio in the sense that the initial
value cf the capital was reduced by a constant fraction each year
is preferable in the present context.But as we then would need to know
the age-distribution of the capital stock to compute the depreciation
each year this concept is not operational in the present case.



as a check on the validity of the•foLmer.. 13),

h.ii. On the Consistency of tho C4ita1 id Invs, stment information.

Before we try to stimate th depreciation rate there Is a particular

issue that deserves a few .comment, namely the ler ,ree of consistency of th

capital and investment data•applie.

We know that t.ie capital, measure of 1959 and 1963 refers to 	 fire'

insurance values at the •end of these years, while the investment measure is the

accumulated flows of -repairs and maint,,.nance, and of purchased capital goods

during the year.
• •

lie question, is now if, 	 to what extent the investment during -

one year is reported as part of the capital stock at the end of the year.

The results of a recent study suggest that there in fact, and not unexpectedly

is a ia„:„ or kind of sluggishness between zeported investments and reported

capital.

reported even if some investment projects are not completed before the n,:xt. year

(or even later, still) while the reported capital stock is adjusted for

completed investment projects only. In addition there may Le a sluggishness

in adjusting the full fire insurance values even for completed investment

projects.

Tf the lag-1-7othesis is valid this is in ,:act an improvement of our

capital masure as lacamplted investment-projecss usually do not velid to the

production capacity of capital . Eut on the other hand, when computing capital

values 'oy means of current investments we clearly slaould know how much the

outlays on incampleted investment projects make of the total outlays in invest-

ments. And such information is not available. Any sluggishness in adjusting

the firo insurance values for new cantal goods makes matters difficult in

another way as this implies that the reported capital values of 1959 and 1 963 are

13) For such "official" depreciation ratios sec for instance:
Johansen, L: "A Multisectoral Stud ,7 of Economic' Growth".
N. Holland Publ. Co. 1951. And also Keti, ii and Johansen A.D.:
"Investering,ar i norsk industri. 	MemGramium from the Institute
of Economics, Univ-rsity of Oslo, 1961. ---

Ringsted V, and 0 ruilchos Z. 	 Method of ALLalyzino . the
Consistenc', of Ca7ital and Investmc:mts." The Review of income    
and Wealth No. 4. 1963.  

14)
 The lag may oc ur because current outlays on investments ara
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generally too low.

Clearly ther2 may also Lc sul)stantial individual variations as concerns

"lags and sluggishness". but we can at most take care of the average of these

effects. We could try to take care of theta by adding lagged instead of current

investments to depreciated capital of the previous year to get the capital-value

of a year. 15) This is, however, rather afAtrary even if it seems to have some

support in the study refered to above. 16) But what one considers less arbitrary

in this context is a question of taste. One could even campromize by weighting

lagged and current irvestment in the computations of capital and perhaps also

try to 	 find out something al:out the average lag. But

such an approach does not look particularly promising in the present context.

As a choice has to he made I am inclined to ignore the problem of possible

"lag and sluggishness". And in the computations of capital values this is done.

But in a particular context below we also refer a few results obtained using

lagged instead of current investment. 17)

h. iii. Estimation of the Depreciation Ratio

By means of the information available about capital and investments we get

the capital values of the years 1960 through 1963 as

= (1 - ° K59 + 160

K
6 

= (1 - A) 2K59 + (1 • A) 160 + 161

(13)

= (1 - 	 K59 4- (1 - A)
2 1

60 -F. (1 - A)161 	 162

K63 = (1 - A)4K59 4. (1 - A)
3 A)21. ..., (1 -AI +62 	 63

15) Both in this context and later we speak of capital and investments
data which have a common price lase, namely 1961.

16) Ringstad V.., ançi Griliciv.s .Z.,, 	 _cit.

17) As concerns capital we would also like to have an average for the year
instead of the stock at the end of the year. In this context this
problem is of minor iml -,ortance. And it is ignorer: also as we would
need information about capital at the end of 1958 to obtain an average
for 1959, otherwise we would have to exclude 1959 from the analysis.



Where A
	

the uepreciation ratio aza dna I are capital and investment respect-

ively in constant 1961-prices.

The 1st relation will be used to estimate the depreciation ratio by

fitting it to the data involved. This may look like a rather complex optimi-,

zation problem as there are non- inear constraints on the parametera. But as

the relation considered has no intercept, the following relation must hold

approximately for an optimal value of A.

(14) 	 k63 3- 	 2-= (1 - )
4-

- 	- A) I60 + (1 - A) 161 6.

where the barred variables are averages across esta lishments. And as it for the

present data does not make much sense to apply an expensive optimization method

to get an estimate on A with many decimal places, we use instead a "scanning"

procedure to gt a much cheaper, but also somewhat rougher estimate.

For different values of A the difference between the Left and the ri ht
absolute

side of (14) was computed and the value of A that gave the lowest/value of this

difference was chosen as the optimum value. For a relation like (14) there is

clearly no problem of local optimums, as the difference between the left and the

right siçie increases monothonicly from negative to positive values with an increa
18)

ing A.

The search was made for values of A between - 10% and + 20% with step

0,1%. For Total Mining and Manufaéturin3 we got an optimum value of A of
19) 20)7,7%. 	 This estimate looKs quite reasonabi an, it also sugge- s that

the CBS depreciation ratios ate somewhat too low.

18) Thus the meensquare error bas the absoluteeani only minimum of
zero when this difference is zero.

19) Clearly by "scdnning" the region 7,6 - 7,3% in one or more stages
using smaller steps we could get as many decimals in our estimate
as we liked. But as poined out aÕic this does not seem to be worth
while.

20) An attempt to apply this method on the individual industries 4id not
work quite well. as we got unreasonably large variations in the optimum
value of A across industries with about 18% for Mining and Quarrying
and 2% for Basic Steel Products as extremes. While the former is
not completely unreasonalde it is difficult to believe in the, latter.
However, these results give additional evidence of the poor4uality
of the data involved and that we in fact need averages for a fairly
large number of units to obtain reasonable answers on the kind
of questions we ask in this context.
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A. related scanning procedure for the same values of A as above on the last

relation of (13) when all constraints except that the intercept is zero were

taken into account gave an estimate on A of 5%. 
21)

This implies that the inter-

cept estimate is negative. And it may lend some support to the "lags and

sluggishness" hypothesis . Using lagged instead of current investments in the

sense pointed out above on a relation related to (14) we got by our scanning

procedure an estimate on A of 6,8%.

h. iv. Calculation of Capital Values by Means of Investments and the Estiwated
Depreciation Ratio

Even if there is some evidence of a lag between the reported investments

and capital data, we choose to compute the mlssing capital data using the

depreciation ratio estimated by means of (14) with current and not lagged

investments. And as the results for the individual industries as concerns A

look rather unreliable it seems to be better to use the result obtained for

"Total Mining and Manufacturing" for all industries.

Thus for A = 0,077 we compute capital data for 1960, 1961 and 1962 by

means of the three first relations of (13) and correspondingly we get the

estimates on capital fot the years after 1963 as:

K6 = 0,923%  +164

K
65 	 (0,923) 2%3 + 0,923164 +

K66 = (O,923) 3K63 + (0,923) 2
I 	 + 0 ) 9231(5 +63 	 6.D 	 6

K67 = (0 '

923) K6 (0,923) (0 923) 21
6 023+

66 	 6

Thus in this way we gt capital data', of all of the 907 establishments for

the 9 years 1959 - 1963. But whatevar standard is used for the judgement of
the quality of these data, the conclusion must Le that they are extremely shaky.

The consequences of this fact when they are applied in econometric analysis is,

however, subject for investigation in another context 
22)

.

21) In this case we use explidity the meansquare error as the criterion
of fit.

22) Cf. Chapter III.

(15 )



Some Concluding Remark,,

Even if we in these attempts to estimate missing capital values have

tried to apply systematic analysis, they are stronly coloured 1173Y ad hocery,

lased on personal judgement, taste and intuition. In econometric - research * one

can probably never expect to become completely independent of ad hoc solutions

of empirical problems, but one should, however, try to use more'satisfactory -

solutions whenever ppssible.. That is sdlutions based on firmly founded

econometric methdds. The field under discussion in this Appendix has so far

been highly dominated by such ad hoc solutions, but we have not been very stiàce8s

ful in our attempts to systematize the estimation of missing observations.

There is one obvius reason for this, namely the quality of the data. - For cap-

ital the missing values is quite clearly one among several indications of that

the information for this variable is generally poor. To some extent this may

be true also for the other variables entering the production function. And as

the quality of the reported investment data is generally considered to be of a'

even poorer quality than the capital data the second stage of our estimation

becomes difficult also. Thus the' main conclusion of thi8 analysis is quite'

obvious: Shaky reported observations imply shaky estimates on missing observat-

ions whatever method is.applied. On the other hand re,'elieve that even if

this is true "estimation" is better than exclusion f the units concerne, flor

reasons pointed out previously.
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APPENDIX 8

Some Basic Characteristics of the Main Variables.

a. Introduction

characteristics
In this Appendix we ;present in a series of tables some	 /	 ot the

main variables of tl'is study. The variables are transformed in a way that

should make the contents of these tables more easily comparable to the results

obtained in the following chapters.

The variables for which such statistics are presentee are labour input,

the average "value added" - productivity for latour, the capital-labour ratio,

the materials-labour ratio, the "real" wage rate i.e. the current wage rate

divided by the "price"-index for value added, the share of labour in value

added and finally materials' share in gross production. All, except the two

latter variables are transformed to logs.

In addition to the man and standard-deviation we are basicly

interested in • the variation of these variables along the "main dimensions"

of oUr data. 	 establishments, with time and with "size".

To figure out the significance of the systematic variation of the

variables along the two .former dimensions we use the analysis of variance
1)approach.	 We also run regressions with time as the independent variable to

have an idea of the average growth rates of these variables. Wb should note

that the standard-deviation presented concerns variation of growth rates both

across establishments and over years. 2)

I) Thus we consider the variables concerned to be random and normally
distributed. The statistics applied are deducted in Appendix 11.9.

2) Later the variation over years of average (per establishment) growth
rates is considered. (Cf. Table V.2)

The OLS method on X. = a + bxt+ u. must necessarily yield theit
same estimate on the growth rate for X, bx as the OLS-metho-I on.

Rt = a+b
x t + Ut where X = 1 X. and 17 = uit • For the

t	 i=
I 1=1

first relation wc have
I TT

i 	 ilE T' (X. - 5. ) (t 	 ilt1i") 	 E E (Xit 	 e )(t 	 + 1E(R -3-0(t-is )
=t=1 	 t 	 == 	 t=1 t •

'x

T
bx
	 ZOs.

which is also the OLS-estimate on bx from the second relation above.

IT -2 	- 9E E (t 	 t) 	 1E(t 	 t) -
i=lt=1 	 t=1

But the first term of the numerator must be zero as E (X. -R )=0lt tfor each t, and therefore	
i=1
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Concerning size we try to figure out the importance of this dimension by

running regressions on In N, where N= total nuieber of employees, is the

criterion of "size". This is done, both when imposing a common intercep

for all units for all years, and when allowing different intercepts for

different units •and years.

Even if the contents of the tables speak for themselves it ni y be worth

while to summarize what seems to be the more interesting findings.

b. Labour Input and Total Number of Enp7oy s.

Table	 tells us that even if the units selected belong to large

firms, i.e. those wi.0-1 100 employees or more in 1963, there are in our sample

quite a few small establishments. The median value of N for all units is,

we note, only slightly above 100, and one third of the units have 67

employees or less. As could be expected such industries as Food Products, Wood

Prceucts aud Printing have mostly smailestablishments. At the other end of

the scale we have the more heavy industries like Pulp and Paper and Basic Steel.

More surprisingly the samples for both Textiles and Clothing contain mostly

large units. We also note that indnstries like Mining and Quarrying, Basic

Chemicals, Mineral Products and Transport Equipment cover a rattler wide range

of size.

Judged by the Analysis of Variance statistics there is for labour input

even a more marked difference between the significance of the variation across

establishments and over time than one perhaps would expect. And the results

of the regression of InL GU t tells us also that labour input is on the average

fairly stable over time. But the large standard errorg of the estimates on

the growth rate suggest that there are probably large individual variations

concerning the growth o,f labour.

C. Average "Value Added" Productivity of Labour

The Analysis of Variance statistics of Table A.I1.5 tells us that there

are significant variations in the average productivity for all industrie3 both

across establishments and over time. The growth rates must be fairly uniform

across establishments as the standard-deviation of the estimated growth rate

is fairly low for most industries. And judged by the ordinary t-test at 5%

level the growth rate is significant for all induetries. Now, for some
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TABLE Â.II.4.

Basic Characte.ristics for in.L and N .1'

Mean and!Growth ,J171d7,3 kodian
st. dev. rate for Tari n e or_W Value

'1/3-Fracti1es for
N   

Industry 	 • ' for PIE

---„..36,4-
(1..218)

	inE1	 .c c

, -.6a5ii . 	i
(,0052)1228,45

F-1,

11,97

if.or4. 	 '.: Lower 	 ! 	 ripper 	 i
. 	 i 	 • 	 : 	

,i 	 1
	113 .	 67 	 i 	 160i

Tota4 Mining
and Manufacturing

' 5,144 •- 0161	 i$ 	 ,

. ...L.

. Mining and Quar.
____

(1083) (,0351) 470,15
____

1,82
..,_ 	 ..............„..._

1 	 105 	j,
........

33
,

183
....•,.................._

, 4,729 ,0089
i 	 ,

Food Products (1,245) (.0126)214,36 4,73 60 32 102
_____ _

5,763 -,,0001 . 	:
Textifles 	 ,' •
_ ____ 	 ____.........

.(,795)
..

(, 0135)1.26,33
... 	 ...... 	 ___

: 3,56

--

___
159 	 ' 119 218

 __ 	

5,446 	 1 -,0073 	 .' . . . .

Cloting • ,713)1C („0113) 	 65,55 1
I

2,30
........

1.1. 	 . 102 147 	 .

1.........................,.....w..	 ...........4

4 .,61 5
, 	 .	 .............

. ,0126 	 • . 	 . .
, 	

Wood Products 	 , . 	 (1,102) (,0212) 160,82 2,01 50 34 .79 	 .
_______ ---4---------

5,657 t 	-,0160	 . . .
LPulp and raper 	 , . ..,(043)1 (,0120) 308,72 10,42 144 106

___
I 	 191 -

' 4,607 ,0021

Printing. ,(,866)L (,0141) 170,35 1,2 9 43 30 • 70
___---.......................- -4----	 .....---......-..- ........---..- .0.0-1	 ..........--..--*	 ...,....- -..----.-- ,

5,213 , -,0018 i
Basic Chemicals (1,457)1. (,0222) 230,81 1,48 105 45 168
,....._______

•' 	 : 	 .-- 5,430 •-,0033.' 	 . . . 	 .
Mineral Products (1,168) ( $ 0252) 236,36 0,82 135 78 ' 214

. '__. •

'- 	 • . ' 	 46,475 ,0257 	 • 	 - , .. . . . 	 _ .
Basic Steel-. ',, - . (1,858) (,0171) 151 ,66 5,25 294 195- 418 - •

' - .5577 - 	 ,0221 	 : ., 	 . 	 ., .
Metal Products (,977) (,0163)172,15 4,92 125 .98 	 ‘ 155

..,........._ 	 ...... _ ...... ___ 	 ........................ . 	:, 	
5,563 	 ,0038

Non-4. Machinery (,984). 	 (,0209) 	139,03 2,42 130 91 	 182
......._ ........ ..__ ............„......._1_,

5,884 	 ,0296
El. Machinery. 	 . . (,986) 	 (,018) : 191,84 ,,5,71 128 105 	 183

,

'• 	 ' 	 '• t 	5,531	 . 	 ,0178. 	 ;. 	 ... .
Transport, Equipm. t . (1,443) 	 (,0200)1260,77 3,5 1 143 96 	 ' 	 247

1..........______ .._1,-

4,768 	 ,0623 	 :
Misc. 'Products , (1.290). 	 (.0460)12C).20 4.24 75 35 	 i 	 138'.

See Notes on p.61.
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BaSiC Characteristic for In

Hiviean 	 Ancand Growth 	ty..1	 nion 717-!ivsic. 04

•
di,., .. 	 Ul). 	 ra 	,u0 -awn- 	:L . awn- i:, 	anci. J. 	it/c42-t,anuu.

' Industry 	.	 1 	 . 	 • 	 !ifiies 	 . 	 ;mies ,, 	 tdmraie a 	 I
..... ,:

!F 	 F 	
F'17, 	 i:

Total Mining 	 2i 	 612 	 0421 	 7,0054 	 7,06,5 	 1288i 	 - 	 ,$ 	 . 	 $ .
.

and.kianu- 	 ‘ 	 .	 ( 576) 	 !(,0024) 	 !(,0052) 	 i(,fl/2)
;

' 	 1 	 'kfag_turi.",_wL 	 . 	 . 	 •

,0165) 16,13.
,

: 104,16
.

i 	
! 	 2,821 	 ! 	 ,0613 	 ,0406 	 ! 7,4859 	 17,3331

!Mining and Quar. 	 '	 (,477) ) 0114) 	 :( 2.Q226) 	 I(,0968)' 	 C856)
i 	 ' 	 i 	 4 	 • 	 • 	 . 	 1 	 -L....._4__

20,20 11,64_.--________4_, 	 . 1 	.	 -
i1 	 . 	 2,726 	 ,0625 	 17,1477, 	 7,0951 	 20701

.
. 	 .

;Food Products 	 . 	 (,740) 	 'G.0073) 	 ",(,0149) 	 !(,0494),
1 	 ..

;(,0466) 16 , 65... 27,
,
......______

i
2,414 	 i 	 ,u285 	 7,0253 	 ! 	 ,1620 ,1461

TextiZes 	 . 	 .
...... 	 1

(, 422) 	IG .,0070) 	 (,0232) 	 R,0672)
, 	 ! 	 - 	 .i, 	 •

	

..,_, 	 , 	 ......
(,0674), 	 .,

_____
9,134,i9

......___

2,311 	 ,0215 	 ,0612 	 3182 	 ,, 0,62 .
. 	

• 	 ..
Clothing
L______ 	 _. 	 - 	 .

(072) 	 .1(,0058) 	 t(,0223) 	 ,0452)
• -+-- ,...._,

(,0447)
.

9,25 4,92
.

	2,388!	 0274 	 ,0959 	 ,194.7

	

i 	 '` ,1326 . 	 .
Wood Products (,558) 	 ( ,,0107) 	 (,024o) .(,0708) (,0697) 14,12 5,10 1

F
.
7,3850

----1___,___.
, . 12,751 	 0733

.
7,0478 	 .,5362

Pulp. and Paper
,

(,451) 	 •1( 	 0052) 	 ,(,0157)
-1,, 	 -

1,.(,0712)
1

K,0601) 10,94 54,41 1
_

2,407 	 i7,0173 ,0604 ' 	 17,2898 7,2562 . 	 • 	 , 	 . _ 	 . 	 .
Printing (062)1(,0059) (,0173) 	 i(,0551) (,r.551) 10,.51 3,98

r- 	 .
I
F -,---t- 	 , 	 - 	 1-

	

, 	 1 	 . ,
71

	

2,94u 	 ,3:•;

.. 	 ...........
•.1

- n133 	 ,,1026'$ --

............
'...
,809

.....-

•
Baoic Chamicals (,725) 	 ( ,0107). '(,O196) •;(,0619) (,05 7J) 1974, 15,50

, . 	 • i
2,741 	1	 , 0245 	 ,1625' 	 ;7,1938' , 1 885 2, •. 	 ,

Mineral Prodùcts ( ,534)' 	 [(,C114 ) 	,C243)•4(,0647) 1(,0633) 27,,01 2,95

, Bas-çc Stc-,7 	 . 2,979 	 ,06,07 	 ,......, 	 /66 	 '0123.
( 	 A76) 	 ,'(- 0090) 	 '( 098n\ 	 ' 	 C,$. 	 ;•$ 	 1, 	 $ 	 - 	 ,-,/ 	 ,$ 	 .i• 	 . 	 ' 	 ii

(,071A)

,250°

14,35
......_.......

15,11
._

; 	 • 	 i	 7
, 	 2,587 	 i 	 ,0314;7,0633 	 i 7;0435i 	 -Metai. Products 	 . 	 - ( ,424) ' '(,.J- 6- 7) 	 1(,0185),- 1(,0661) (,673)

7,1784. • ,
6,44 4,52

, 	 , 	 :, . 	 • 	 ,..---:,........_4. 	 ......:, 	 ......f 	 , 	 - ------A--, ,

1 	 2,565 	 i 	 ,0302 	 i 	 ,082 	 ;0911. i ,0773
i NO71-El. 	 Mach. 	 (,379) 	 1(.,0079) -„'R,0207,) 	 i(,0 ( 19), 	 . 	 .1 (,0610) 10,18 5,02

ii
1 	 2 	 585 	

. 	 ,-: 	 .,!,. 	 , 	 . 	 ;., 	 ! 	 ,0415 	 ,0523- 	 : 	 .,C.)824'$ 	 , -,1525
.

irc,. lvfachine2y 	 . (,497)•1(,,öl(,)8 . ) 	 1(,0288) 	 (,(7.):826? ) (,0864) 	 '4,54 •5,5i-3
- 	 •, 	 ........ 	 .....

! 	 , 	 ,. 	 - 	 -r---•. 	 ....„..4_

1 2,337 	1 ,0194	 ! 	 ,0662 	 H.,0482 ,0953 .
Transpot Equipm, 	 ' 	 (,400) 	 X,005” -- if (,0097) 	 i(,0439)

, 	 . 	 ;
(,0447) 6,00

_._
2,84
_

.
2,637 	 i 	 0883 	 C/5:1: 	 0_579,, 	 ,, 	 . 	 ; 	 , 7,1851

iliPz,..c. 	 Products 	 :'!'(,737 ) 	 ( 0 0252) 	 0516, 	 i(,1345)
; 	 , ,1440) 	8,63 	3$ 38 .

See Notes on p. 61.
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Pulp and Paper

2,795
Transport Equipm.	 (,661)

- 3,765 	 ,0354 	 $2632 	 -,428r) 	 -,6553
(,646) 	 GOY, ) (,0786) 	 'n77n) H26 09

'3,113 	 ,0326 	 -,0417 	 -,5451 	 - $ 7195 	 I
(,532) (,Q088) (,0233) .(,0612) (,C574) 	 t16 .36 	 8,2,

i21,72$31
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'ABLE 4.II.6.

K xBasic Characteristics for In

Mean	 Growth Slopecoef. from regr.oniniViAnalysis of Van-
and •	 rate-	 iN6 dum- .)E-dum--; rE dhaVP ance	--: 	 H. 

,

,.•,„.
, 	 , 	 ,

st dey 	 :,mves	 omes	 Ldummies 1 F	 F
T

;0266 i-,0098 	 -,5291 1-,5777
.0035 1 0075 ' 	 0145 . 	 0145 	 ' 47 12$. 	 :., 	 $ 	 .._... 	 $ 	 $	2 	 49,34

5,77

1 Food. Products

Textiles

■■••••■

I Industry

Tot4 Mining and I 3,288
Mranu acturi	 823

3,366 	 ,0566 	 ,1845 	 -,9020 	 -,8112
!Mining and Quar,..	 (,751) (,0187) (,0336) (4142) 	 (4091)

• '' 	 . 	
.

3,424 	 ,0225 	 -,1233 	 -,5859 	 -,6346
(,705) (,0071) (,0143) (,0326) (,0321)

31,85

Basic Chemicals

1W-sc. Products
. 	 .

Mineral Products

Printing

Clothing

•

3,342
(,641)

3,923
(,762)

I 3,399
! (,679)

2,823 	 ,0221
(,668) (,0148)

2,148
(,621)

,0341 	‚1 798 	 $3690

$( 0145) ( $ 0315) (,0635)

9,0160 	 -,3914 	 -,4409
(,0116) (,3203) (,0469)

6,90
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l•

-,4369
1 ($' 0470) . 13445. 

,-,3617
( 06O2)46,6363 	 5$ 04

,7191
0693)

Basic Steel

Metal Products

Non-El. Mach.
•

Ei. Machinery

3,198 	 ‚0285 	 ‚0624 	 -,4103 	 -,4328
(,506) (,0085) ...Al227U 	 (,0517 )

	

,0301 	 -,0281 	 ,7885
(,0097)(,0371) (,0477)

(,049.3)

-,7906
(,0466)

3,061 	 ,0280 	 ,0039
	

-,4305 	 -,4828
(,703) (,0135) (,0316) (, 0687) (,0676)

A4,0 I ,0491 	 ,1555 	 -,6309 	 -,5493
(,594) 1(,0074) (:)2 01) (,0697) (,0660) 	 22

,0065 	 ,1198 	 -,5395 	 ,5666 	 1
(,0104) (, 0305) (,0719) (,0734)

9,0438, 	 . 9,0747 	 -,6055 	 -,6678 	 .

	

,0895 	-,4909 1-
(,0386) ( 9 0689) (

,0051 	 r-,0782 	 -,4407
(,0092) ' (,01 62) !(,0473) 	 (,0487)

3,072 	 -,0083 	 :-,5133
i(1,019) (,0366) ,(, 0717) (,0935) (,1098)

2 ,1 7

3,018

(,554) (,0115)  (,0308) 	 0651) ( 058a 1 2Zi63

See Notes on p. 61.
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182,51

1,024
(, 654):

3,639 ,O293 	 4786 	 ,3243 	 -0879
(1,21(, )i (,0122) 	 (, 0219) 	 (,0277) 	 ( ( 25)s-j

1,39

2,417 	 ,0265 	 ,2447 ' 4072 ! 	 1122
(1,JC7)! (, 0171) (,0544): (, )765) (,0774)

	
68,56 _ 2,98

Nbod Products

Pulp and Paper

Basic Chemicals

'

43,89

1

	

64,85 	 3,18

	

96,65 	 50,42
--4

	

42,11 	 6,73 I

0,37

-,4630
9 -,610)

TABLZ

Basic Characteristics for in

Mean
tand

Industry	 st. dev.

Growth ',Slope-doe.P-P. from regr.on Znii %Analysis of Van-
rate	 d07- E-dum- i E and T ,r ance

mes	 mites	 i dummies	 P
C

••••■• 	 •	 • -...•••••■■

!Total, Mining
and Manufdcturing

Mining and Quar.

Food Products
,••■•■ 	 . 	 v	 •

Textiles

1 2,720 ' ,0403 , -,0564 	 -,0692 	 ,1328;
: (1,233); (,0053) J (,0111). (,0187) (,0182) 	 85,92 	 77,14

,
•*"."+" 	 4

Mineral Products
_

Basic Steel

Metal Products •

-,2768 	 ,2888
(4039) i (,1C;'60)

,.

	

3,0.46 ] 	 ,0169 	 -,1056 1 • -,0381 	 • ,0046,,
(,600)1 (,0115) i (,0265); (,0422) it,5422)

-1-	
_.,

	

,	 .	 ,•,
,	 ,	 .i,y	 .	

.	 ,,	 __
,	

. _

	

3,424! 	 n456 	 (V-76-, 	 ;.- 432 ‘5 	 - 9 3568,„, 	 , 	 9,----, 	 ! 	 4

-a_

,0529 	 -,0880.
(, 0607) (,0529)

	i 3,153	 5,2359 	 0069 - H• 935
(1,291)1 (,0197) l'(,0593"" (, C72 .7 ) 	 (,0666)

	

2,436 I 	 ,02(#7.. 	 ,091i 	 ,0958
.(,0165) i (,0437) 	 (, 0850) 	 .„;,0805)

Clothing
131 	 ,,0124 	 59F2

(1,460)1 (,023G) ,0845)i

1,839 1 	 ,04 03
( 86C.,)! (,0139)

2,949 1
( 921)1 (, 31 3 /)

,

(,621)1 (,0078) 	 („0216) 	 (,0439) 	 (,:7373)

	

,2833 	 7,1914

	

(„0398) 	 (,0832) j (, )8G7)

(1,231)1 (,02 64) 	 ,( 9 9 2 	 („0933) 	 (,0909)
930	 , 0414 	 .1681 	-,3618	 -,3()38

Non-EL. Mach.

Transport Equipm.

,Micc, Products

	2,324 ' ,052 3 	0539
(,866) (,0182) (, 0445)

2,592

	

,0628 	 5,0921
(,7701. (,0167)T(,0446)

1,933 	 ,0507 	 4373
(1,202) !. 	(,02 9 2

,1491 	 ,O956
(, 3945) I (, 0928 )

0811 	 ,066C
(,(3848) 	 (,0859)

4832
(,0793

	

47,80 	 11,03

	32,25 	37 ,

	

4 8 ,30 	5,95

El. 14achinery

, 2,364 : 	 ,0646 	3030 i -,1322
(,637)' (, 0246) 	 (, 0304 ) 	 (, 0751)

Se Notes on p.61.
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TABLE A. II

Basic Characteristics

*an 	 ,Growth Slope-coeff rom reg,twn Zral Analysis of Vari,-
land 	 'rate 	 NO d- -Tj:duin---- i E and T '(2.7nce

Induqt...ry 	
, 	 4 	 .Ist.dev. l ' 	 mies 	 ; lilies 	 idummies 	 p. 	 ' 	 p............_ 	 , 	 1 ,___ 	 .4. C-------- ------T .----

i,,

9,33 	 362,89
Total Mining
ånd Illanzeåct.

1,984
(00C)  

,0458 	 ,0338 	 ,0130 	 , 0544
(,0012) 	 (,(1)026) (,0111) 	 (,0095)

2,162
Iligning and Quar. 	 (,191)

Textiles

Food Products

,u295
(,03.38)

	

-,X31 	 ,0077 	 -,1134•

	(,0033) (, 0075) (,336)	 (,0281)

1 1,737	 ,0344	 ,0062 	 -,C923 	 -,0958

	

(,191) (,0029) (,0105) (,3330) 	 (, 0258) 	 1 10,43 	 42,06

1,888
(,363)

,0454 	 ,0225 	 - 0 0961
(,0038) (,0090) (,C527) 13,37	 42,80

5,34	 78,72

!Wood .Froducts

Pulp and Paper

1,748 	 ,0308 	 ,0065 	 -4017 	 -,3774
(,220) (,0032) (, 0131) (,0314) 	 (,0278) 	 6,46 	 22,72

,0383
(,0223)	 10,37	 37,87

2,098 	 ,0960 	 ,0400 	 -,2751 	 -,0734
(,0410) 	 4,89 	 205,28

Clothing

	

1,949 	 ,0360 	 ,934 1 	,1129

! 	

_

2,027

(488) (,0032) (,0083) (,0289)

(,337) 1(,0029) 1(,0117) (,0681)

•

2, 1 0 	 -,0133 	 -,0062 	 -,0330 	 -,0118
(,218) (,0035) (,01G5) (,030 0 ) 	 (, 0 289)Printfrng

Basic 'Chemicals

Mineral Products

Basic Steel

Meta Products

1
Transport Equipm.	 (,224)

Misc. Products

Non-El. Machinery 1_

El. Machinery

	17,02	 8,67

	

7,18 	 56,00

	

10,97 	 14,97

	

9,30 	 106,16

33,54

12,05 	 39,45 1

18,95

10,45 	 13,89

2,041 	 ,0705 	 ,0357 	 ,0343 	 ,0070
(,345) (,0,-)45) 	 (,0093) ( ,0419) 	 (,0319)

2,067 1 ,0292 	 ,0431 	 ,1111 	 0.276
(,207) (,C)042) (,0o98) i(,0363) 	 (,0306)

2,214 	 ,0593 	 ,D521. 	 4874 	 1-,C,i679
(„214) (,0030) (,r127) (,0460)	 (,0265)

, 0321	 ,0243	 ,0541	 -,0747
1 (,191) („0C25) („0083) (,0292)	 (,0246)	 10,12

2,58 	 ,0312 , 	 ,0081 	 -,0080 	 ,-,40196
(,163) (,0030) 1(,0091) (,0297) 	 (,0215)

2,062,, 	 9 0475 I ,0632 	 - 4 2796 	 ,O720
(,295) (,0059) (, 0168) (,0543) 	 ,0510)

2,008 	 ,0083 	 I-,fl224 	 -,0441
(,0031) (,0056) (,0202) 	 (,0205) 	 12,85 	3,64 1

1,995 ! ,0767 	 ,0606 	 ,2806 	 ,0378
(,375) '(,L114) (,0259) (,0683) 	 (,0608)

x See Notes on p. 61.



-,0230 	-,C27O
; (,C152) (,C154)	 5,09

	
4.58

v'	
-,0324	 -.0307

) (,0429) (,0433) 7,86
	 o ‚85

-.0548: -,0499	
10,24(,0335).i (,0347) , 83
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. 	 , 	 . 	 wz;œ
basw Caaractr-zatws for --

;

 Industry

vÍan	Growth
and 	cocff.
,st. dav.

fromrg.on InN 4nalysis of Van-
No dun?- E-dum- E an

 171 	 ance
F	

p
C

Total Mining	 , 6016
and Manufczet.	 (,3867)

imi•s 	mies c1u7ìnies

,0017 i,CO6
(,0018) (,O35)

(,29)	 (,075)	 (,0142)	 (,0c50) 	(,( (7)Mining and Quar.

Food Products

T;xti ls

Clothing

Wood PrOducts

Pulp and Paper

Printing

,-,, , 	,2936,C101 : ',0064	 ‚3091
	11,73

	
1,28

.5236 . .C:0C9 	40336	 0995
	

-

. 	 -

(,4466) (,c045) (,0092) (,0392). (,0401)	 4,86 J 0,38

‚5719	 ‚0041	 -,00)61	 -,3252	 -,3143
,2425) t(,0041) (,0134) (,0418) (,0430) 	 4,92	 1,50

	

,47 	-, 204	 ‚1 13	 ‚1397

	

(,3032) 	0i2u)! (,0251)

‚7532	 ‚0281	 -,1033 : ,3750
(,3,51)	 (,0163)	 (,39u)	 (,1535)	 2,27	 1,52

4

,5577	 ,0117	 ‚0415	 ‚1130	 ‚1387
(,2237) (,0C29) (,0079) . (,0346) (,0341)	 10,23	 10,04

7O41	 ,3001
K22G3) (,0036)

‚5997
;( 2D1?)

- :

( ,1610)	
L

(,0254)	 8,75	 1,15

'2'7
i (,CIO ) 	( : 0:352)
- .0435 9 i i 87

(,0358) 8,86	 1,50

,5911	 ,0017
Basic Chornicals 	(24044) (,ciC6l)

: 	,\J:33	 ,3737
Mincral Products	 (,2247) (,0048) (,3iOi)

‚1347 1	 1417
(,0290) j (,3291)	 20,45 0,99

Basic StL 	(,2206)
',Qoo5 . -, 3419
(,0044) (,0132)

‚0889 : ,1020
(,0423) (,0467)	 5,88	 1,ú5

p6283 	•',OO28 	,0371
Mtai Product0 	(293) (,0072) (,u183)

‚0504 ; ‚0572
(,0760) (,0802) 2,88	 0,78

_,oii1 	,0518
Transport Equipm. (,3518) (OO49) (,0086

p7.728 ‚0147 ‚0378

(,3816) (,0137) (,0267) (,0817) (,0979)	 2,87

3,79 	 2,21

,6385	 ,0011	 ,3486
knJ1.Machincry (,2109) (,0045), (,0115)

,6468	 ‚0006	 -,0140
E'l. Machinery	 (,3396) • (,OO5)

: ‚1034	 ‚1164
(,0198) (,0654) (0730)	 7,3_	 i 3 O5  

(,0419) (,0429)

‚6127	 -,0138	 ,035i	 ,0461	 ,0070
•Mioc. Products

See Notes on p.61.
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Non-El. Machinery

GO

TABLE A.II.10

114Basic Characteristics for

Mining and Quar.

Mean !Growth-, Slope-coef. from regr.on . InN Analysis of Vari-
and	 ;c6eff. 	No CT.1,077-	 'an-d -f-

mies	 mies	 dummies	 Ei

	,5197	 -,0039	 0111	 -,0085	 -,0031
(,2120) (,0009) (,0019) 1 (,0037) (,0037)

	i  4611	 -,0064	 0025	 0042	 -,0171

	

(,0995)	 (,0025) (,0047) (,0225)	 (,0223)	 12,84	 3,23

Industry

I Total Mining
and Manufact.

'at. dev.

59,08 	 17,99
v... 	 *M...

Wood Products

Pulp and Paper

Textiles

Clothing

i $ 6780
Food Products	 (,2141)

-,0057	 ,0682	 ,O357
(,0022) (,0041) (,0074)

s

,6585	 ,0003 1 ,0317
(4338) (,0017) (,0046)

(4362) (,0026)

	

,4962	 -,0090	 ,0603	 -,0121	 -,0169
(4753) (,0027) (,0101) (,0144) (,0140)	 34,63

	

,6293	 ,0051 1,0341	 -,0327	 -,0254

	

(,0059) (,0148) (,0149)	 21,82

,4998	 -,0104	 ,0236	 -,0372
(„1456) 1 („0024) (,0079) (,0187)

-4---

,0046	 -,0022
(,0108) , (, 0110) 	 55,30 , 3,74

-,0265
(,0074)	 78,71

0248
(,0183) 	 19,76

2,92

7,02

9,32

7,60

Printing
,3586	 ,0028	 ,0392

(,1545) i (,0025) (, 073)
, 0020	 ,0079

(,0149) (,0150)	 40,30	 2,64	 4

,4977 :-,0009	 ,0257
(,1920) ,(,0029) (,C351)

Basic Steel

Mtal Products

-,0284	 -,0310
(,0104) (,0105)	 152,34	 0,84

	(,0177) (,0177)	 0,68 	 1,22 	 1

-\

,0371 	 ,0383 	 1,5448	 ,0004	 ,0254

	

(,1984) 4( 0040) (,0119) (,0178) (,0191) 	156,11 	1,35

	,4686 '!-,0083 -,0112	 ,0141 	 ,0473
(,1555) (,0026) (,008) 1 (,175) (,G177) 	20,44 	5,62i. 

-,4395 Hc-,0019 	 ,0485 	 -, 0C23
(4568) !(,0033) IGC084) (,0215)(,o223) 	16,63	 0,73 •

Basic Chemicals

Mineral Products

-

0402	 -,0049
(,1725 :(,3037) (,0084)

,4997	 ,0015 I ,0067	 ,0649	 ,
(4423) ,(,0032) '(,0083) 

1 (,0183)

;-,0003
(,0024)

!El. Machinery

i Transport Equipm.
,4138

(4740)

•

(,0205)	25,47	 0,70

,0161 	 ,0482 	 ,D
(,0043) (,0141) (,0146) 	 17,04 	 0,27     

•

,5172
!Misc. Products	 (4214)

7,0071 F,0452	 -,0653	 -,0655
(,C043) ‘(,0075) (,0189) , (, 0225)	 11,13	 0,83

See Notes on the next page



NOTES TO TABLES A.11.4-10.

a) The growth rates are determined as the OLS- estimate on b from the
relation:

X.
t
 = a + bt + u. 	= lnL, ini

WL M'
In --lnW,	 )

L'	 Y

b) The slope-coefficients from regressions on inN are determined as the
estimates on e 1 , 	and c3 from the relations:

2 

X. =a+c 1nN.
it	 I	 i

X. = ai+	 1nNit

X = a.+ b + e 1nN.it 	 • 3. 	 t 	 3	 it

V	 K
(X = lnL,	 1

WL
nw

•T
A I

where a. are,..stablishment-specific coefficients and bt year-specific

coefficients taken care of by socalled E-dummies and T-dummies respect-

ively.

c) 
J. c and FT are defined in Appendix 11.9
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industries the growth rate of average productivity of labour is quite

probably underrated. This is at least evident for Printing where the growth

rate is significantly negative. 3)

There is a substantial difference between industries concerning the

variation of the average productivity of labour with "size". Imposing the

same intercept for all units for all years in the regression on In N, we get

a significantly positive slcpe-coefficient for six industries and a significant-

ly negative one for three. And allowing the intercept to vary across units,

or both across units and over time we get widely different results. Generally

the estimate on the slope-coefficient becomes lower. In the latter case there

are now one significantly positive slope-coefficient only (for . Textiles) and

eight significantly negative ones. This finding tastes strongly of errors

in variables. But it is probably not due to "errors of reporting" rather it

is an effect of transitory variation in labour input. N instead of L was

used as the "size" variable just to avoid distàrted slope-coefficients due

to errors of measurement in labour input. It comes out, however, that these

two variables do not yield very different results when used as measures of

size. Having eliminated the systematic variation of both average productivity

of labour and number of employees both across establishments and over dme,

the slope-coefficient is dominated by the negative correlation between the

non-systematic components of - lnL and 1nN.

A related arguement seems to be valid for the other ratio variables also,

where lnL enters.

d. Tho Capital Labour Ratio

There are significant differences in the capital-labour ratio across

establishments for all industries, judged by the Flo -statistics. And the FT

statistics tell us that except from four industries, Printing, Basic Chemicals,

Transport Equipment and Misc. Products there are also significant differences

in this variable over time. These four do also rank lowest with respect to

growth rate over time. The latter industry is the only one with a negative

growth rate. 4) among the remaining eleven industries all except one have a

3)Cf. Appendix 11.2 and Appendix 11.5.

4)But this industry has a substantial growth in both factors. From
Table 11.4 we know that the growth in labour input is 6,2%. And thus
the growth rate of capital input is 5,4%. Both growth rates, particul-
arly the one for labour is substantially above the average for Total
Mining and Manufacturing.



significantly positive growth-rate. The more heavy industries like Mininc, and

Quarrying, Pulp and Paper and Non-El. Machinery are those with the fastest

growth in the capital - labour ratio.

There are eight industries with a significantly positive slope-coefficient
K

in the regression of in 	 the 	 1nN, when imposing the same

intercept for all units for all years, while there are three industries with

a significantly negative one. But when  al owing the intercept to vary between

units, or both between units and over years, the slope-coefficient shows an
V

even sharper drop than for in 	 . Both when E-dumm -s and when E and T-dummies

are introduced, the slope-coefficieut is significantly negative for all

industries. 5)

e. The Materials - Labour Ratio

The systematic variation of the materials-la:Dour ratio is somewhat "more

significant" than for the capital-labour ratio both across establishments and

over time. All F C - stat'stics are above the corresponding upper 5% fractile

and the same is true for all but on, for the F statistics. The exception

is Mining- and Quarrying, which is also the one among our industries with the

lower value of the F
C 

- statistics. 
6) 

•

The trend of the materials-labour ratio is positive for all industries,

and it is significantly positive for nine. Conceraing the variation with

size there are substantial differencP between industries. When imposing the

same intercept for all units and all years ("no dummies", included) there are

Len industries with a significantly positive slope-coefficient in the
	 •

regrer.siort nn LIN, while there are three industries with a significantly

negative one. Thus there are only two industries with a slope coefficient
different

not significantly,from zero, namely Aining and Quarrying, and Metal ProduCts.

The nmtremes are Food Products and Clothing with coefficients. of approximately

minus and plus. 5 respectively.

5) Cf. the laer part a.i.oeation c of this	 ndix fcr a probablc.'
explanation cf ther,ie results.

6) Strictly spenin3 a coupaiisou oI 1r-statistics over indm3tries is not
directly pc'ssAla due to different degrees ci - freedom. Lut these -Lci,v
differences do not mn.14er very much as concerns the fractiles of the
corrpondiflg F-distriout;ons. Cf. Appenaix 11.9
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The drop in the slope-coefficient when E, or E and T dummies are included

is substantially less pronounced and uniform for the materials-labour ratio

than for the capital-labour ratio. In fact some of the industries have a

higher slope coefficient when these dummies are introduced. But 'hen both E

and T dummies are present there are only two industries with a significantly

positive slope-coefficient while there are now seven industries with a signi-

ficantly negative one. 'Thus evidently the correlation between the "transitory"

components of mL and 1nN seems to play an important role for these results
7)too.

j% The "Real" Wage Rate

Not unexpectedly the main dimension of the variation of the real wage

rate is over years. The FT - values are quite high for most industries. But

evidently, as the 	 wage rate as defined by us is deflated with the price

index for value-added, the growth of this "real" wage rate is under-rated for

some industries, 	 the::same way as the growth in value added (or average

value added productivity of labour) is under 	 8)-rated. 	 This seems to be more

serious for Printing which has a significantly negative growth rate, and Tran-

sport Equipment which has a positive, but not significant growth rate. For

the other industries the growth rate is significantly positive.

According to the results of Table A.II.8 large production units seem in

general to pay a higher real wage rate than smaller ones. The coefficient of

inN when a common intercept is imposed for. all units for all years is signi-

ficantly positive for nine industries. It is negative, but not significant

for two, namly Food Products and Printing. It is somewhat more difficult to

explain for this variable than for the previous ones • the general drop
when

in the slope-coefficient E and T dummies are introduced. The explanation may

7) Cf. the later part of Section c of this Appendix.

8) 'Cf. Appendix 11.2' and Apipendix 11.5
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be the way the wage-rate is defined, namely as wages paid to production

workers divided by total number of hours worked by this type of auployees.

The denominator is clearly positively correlated with the systematic parts

of N, and 2resumably also with the more "tlansitory" part of this variable.

This seems to be true for some of the industries at least, as there are six

industries with a significantly negative slope-coefficient of 1nN when E

and T - dummies are included, and only one industry with a significantly pos-

itive one, name1y Mineral Products.

g. Labour's Share in Value Added

According to the Analysis of Variance results there are for all industries

significant differences across establishments ia labour's share in value added.

But there are two industries only with significant differences over years,

namely Pulp and Paper and Transport Equipments, And these two industries

are also the only ones with significant growth coefficients, 9) a positive

one for Pulp and Paper and a negative one for Transport Equipments.

Not surprisingly there are also SOMP differences across industries ,

concerning the level of labour's share. For Basic Chemicals and Basic Steel

it is about .5 while for Wood Products and Transport Equipment5it is about

.75 and .77 respectively.

Labour's share does also show a significant variation with size for

some industries. For three it has a significantly negative slope-coefficient

and for five a significantly positive slope-coefficient in the regression on

1nN with a common intercept for all units for all years. When intercepts are

allowed to differ the results are rather puzzling with change  of sign for a

number of industries etc.

Generally the results suggest that our samples for the different

industries are rather heterogenous; that labour's role in production may be
10widely different even for units belonging to the same two-digit industry-group

)
. '

9) In opposition to the previous variables absolute and not relative
changes are stualec! for the two share-variables. Therefore the term
"growth rate" is avoided.

10) Looking at the composition of our industries we see that this is not
very surprising. Cf. Appendix 11.2.
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h. Metterials' Share in Gross Production

The heterogeneity of the samples is still more apparent in the results

of materials' share in gross production presented in Table II 10  The F

statistics are quite high for most industries and the across differences are

significant for all industries, while there are significant differences over

years for eight industries. There is a quite uniform downward trend in
11)materials' share over time. 	 For the five industries, Mining and Quarrying

through Wood Products and for Metal Products the trend-coefficient is signific-

antly negative. There are also substantial differences across industries in the

level of materials' share. For Mining and Quarrying it is as low as .16,

while at the other extreme it is about .68 for Fod Products and about .66 for

Pulp and Paper.

The heterogeneity of the samples is underlined by the results of the

regressions on 1nN. For eight industries the coefficient of 1nN is signi-

ficantly positive while it is significantly negative for three when a common

intercept is imposed for all units for all years. But as for labour's share

in value added the results turn out to be rather different when allowing the

intercept to vary between units, or between-units and over years.

11) As for labours share in value added we consider absolute changes
in materials' share. Thus we avoid the term "growth rate".
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APPEND:Z

1)
Analysis of Variance of Variables in Cross-Section Time-Series Data

Having a random variable Y
subscripts. where the subscripts represent establish-

it
ment and time respectively, we may have the hypothesis that it shows systematic

variation along the two dimensions in the followingway:

(1) yit = 	 Eit (i = 1,

(t = 1,

• • • • I)

• • • • OT)

where a,
i and y 4. are non-random magnitudes while E. is a random variable

presumed to be normally distributed with zero mean and constant standard

deviation a. I is the number of establishments and T is the number of years.

This model corresponds to an Analysis of Variance model with a two way

classification without any interaction effect and with one unit per cell.

The total sum of çiquarzs of deviation from the mean can be decomposed in

the following way:

-
(2) 	 = 	 E 	 E (Yi 	

2
.

1=1 t=1

I T
E E

i=1 t=1 Yi
- 2

Y.t	 y) 4. I E
(y . - - -I- -t!1(37.t- Y)2

or

• 9
(3) S' • S-

o	 c

Provided that E	 = E y
i=1	 t=1

have that

which implies no loss of generality we

1) For a detailed discussion Analysis of Variance models	 e:
ocheff6, H.: "The Analysis of Variance, 	 Wiley & Sons, Inc.,
New York 1959.
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-
c.
1.

(5)
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(4)

1T
v. 	 =
' 1. 	 T

t.,l
'it

$. "1* E.
1 	 1.

-

= a 4.

= a

/ TE 	 E J
	

= a +
tiiTi=1 t=1 i

a
is normally distributed (0, 717)

TT

g-.7)

C If

It can now be shown that under our assumption we have:

E(S
2
0) = (I - 1) (T 	 1)a2

(6) E(S
2
) = T E fi

? 
4- (I - 1)a

2

1=1

2
E(S)

T
) = I E y

t	
(T - 1)a

z.

And duc to our assumptions
S

o
2

. 	 2 	 . 	 .is x -distributed with (I - 1) (T - 1)

degrees of freedom, and So , S and S are distributed independently.
C I.

And therefore, provided that I: 	 = 0 which implies that all across
1=1

effects are zero we have that

(7) F
c 

=
Se 

(T-1)
So

2

is F-distributed with I-1) and (T-1) (I- degrees of freedom.
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And provided that
	 which impl ies that all year-effects are

zero we have that:

2
-T

(8) 	 F rr, = --7 (1-1)
S 4o

is F-distributed with (Ti) and (I-1) (T-1) degrees of fr,edom,

Therefore, by means of 	 ) we can test th- hypothesis:

H, : 	 E f3.
2 

= 0
1=1

against

2
Cl 	

EH
	

0

And by means of (7) we correspondingly can tcst the hypothesis:

2 = 0
t=1

against

H 	 E y
Tl .

t=1

2 u

We get tecits - wi 1 level e if we r,:,ject H
Co 

when ve observe

1 - c ,( --1 (1-1) (T-1)) and
 reject H1 when we observe

FT > F1-E.1, (11) (T-i)) 	 -. 	 our data with T = 9d 	 = 13 at leastT-- 	 r 	
-

and I = 164 at most (except for Tot. Min. and Man. where 	 907) we have

F095, (:Ni, 8(1.-1)) 
approximately 3etween 1.90 and1.25 and

. 

F0.95, (8,8(1-1)) approximately between 2.05 and 1,95

i=1 1



CHAPTER III

ESTLCTIOlti OF PRODUCTION FUNCTION PARAMETEPS IiiCASE OF SIMULTANEOUS

EQUATIONS AND ERRORS OF MEASUREMENT.

1. Introduction

In applied econometric analyses there are generally two main problems.

First, what is the proper specification of the model, particularly which vari-

ables are endogenous and which ones are exogenous. Second, what is the

importance and nature of any differences between the variable-measures and

their theoretical counterparts, or the problem of measurement errors in wide

sense. It is fair to say that the first one has caught much more attention

than the second, which is also usually assumed away when the former is

discussed. On the other hand any simultaneity problems are usually ignored

when errors of measurement problems are handled.

In this chapter we will try to treat these problems in a more simultan-

cous way. The theoretical frame is the following model. 1)

y = ax + az + u

y x = bw v

where y = mV, x = 1n13, Z= lnK, w = lnW. u and v are error terms with

zero means and constant variances, and they show no serial correlation:2)

In this model y and x are endogenous variables while z and w are assumed to

be exogenous. It is not easy to evaluate the validity of the latter

assumption. Clearly, both z and w may be considered as endogenous by the

establishments, subjects of their economic behaviour. We will argue, how-

ever, that other problems than possible endogeneity are the main ones

concerning these variables, namely errors of measurement. Capital input

contains a large, but presumably random error component, while w and also x

are more systematiay wrong as they both refer to the quantity component of

labour input ignoring the quality component.

1) Cf. Chapter I

2) All variables are computed from their means.
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If the variables of (1) were Correctly m.e sured both relations are

exactly identified and thus a nuaLar of text-book methods yield consistent

estimates on the parameters. In the next section we snow, however, ,that the

presence of the two kinds of measurement erro-.13 mentioned makes such methods
ro•oust

generally worthless. Evidently they are very little/towards such errors.

On the other hand it is shown that ordinary least squares on the production

function, if yielding estimates on the factorelasticities that are sUbject
•	 and

to botn sirlult -aneous equ-tions bias/errors of measurement biases is

generally preferable, just because of its roboustness in the present cOntext.

Thus a main conclusion of the next section is that in case of errors of

measurement we may pay a quite unreasonable Dr ce for the elimination of

bi ses due to simultaneity.

Having two or more cros-sections for the same units it has been argued

that it is possible to reduce or eliminate  the effects of simultaneity by

means of covariance analysis. The argument runs as follows; In cross

section data the error term of a production function like ( ) has to catch

differenc s in management and 'environwnts" between units. And as more

well-managed units with favorable environments tend to use more of the inputs

than poorly managed ones with lc, ss favouraole environments there is a

positive correlation between the error term and the inputs and thus the  OL.S.

estimates are subject to sort of simultaneous equations bias. But in case

we have more than one observation per unit we can eliminate ehe across-7.

specific component of the error term by means of covariammanalysis. If the

time series of cross-sections is not too long the differences in manage-

and environments across units are presumably fairly stable, and

having eliminated thcm from the error term we have also presumably elimina ted

tie main source of simuleaneity_ bias of the OLS-estimates.

But we show in the third section of this chapter that this method of

eliminating simultaneous equations bias is neither veri , roboust towards,

measurement errors. Thus also in this context we may pay an unreasonable

price for obtaining estimates 'free" of simultaneous equa4ions. bias.

We have theref.bre to look for other methods of•estimation.-If we accept

the assumptions on which (1) is based and thus constrain the elasticity

substitution to unity, we may eotimate the elasticity of labour as that

factor's share in output. This is probably the best estimate on that parameter

obtainable in the present context as none of the two kinds of errois,affect it.
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This is subject of discussion in Section 4 of this chapter. And we also discuss

the various possibilities to estimate the elasticity of capital. By constraining

the elasticity of scaie to unity one has an estimate with the same properties as

the one on the elasticity of labour. But as we would like the scale-elasticity

to be a free parameter a few other methods are tried. And we are finally converg-

ing towards a method of estimation that seems to be the best one given the kind

of data we are working on.

In this section we also report on additional attempts made to estimate the

elasticity of substitution. And in a concluding section we present a short summary

of the findings of the present chapter.

2.. 	 PRORMIES OF THE ILS AND OLS METROS OF

ESTIMATION IM THE RESENT CONTRXT.

a. The ILS-imethod.

In this section we will try to figure out if, or to what extent the two

main errors under consideration, making some simplifying assumptions about

their nature, affect the results of two well known methods of estimation,

namely indirect least squares (IL) and ordinary least squares (OLS). First

we consider the ILS-method.

The reduced form of (1) consists of the second relation of that model

together with: 3)

(2) 	 x =ff 1W+ Tt2z+ r

where n 1
vs 011110 = U a" V

9 n2	 and r = 1 - a

Provided that there are no errors of measurement 109 can

obtain consisteut estimates on b fram the behaviour reration in (1) as well

as for the parameters of (2), and thus we get consistent estimates' of the

factor elastic	 4)ities as :

3) We could solve the system with respect to y instead of x, but this
does not make any difference.

4) Other methods like the two-stage least square methods and the
instrumental variable method do not yield exactly the same estimators
for the factor-elasticities as the ILS-method. But asympthoticly
they yield the same results both when the error-terms are assumed
to be uncorrelated with the exogenous variables and in the errors in
variables-cases discussed later.
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And we get the corresponding estimate on the scale-elasticity as:

(4) g = -21.1. (1_1212 ) t

We know, however, that there are particular types of errors of measurement

present and we would like to know how they may affect the estimates deducted
.1

above.

Concerning labour input our measure refers to the quantity of that

factor. Now, there are obviously some variations in the quality of labour

both across establishments and over time. As the relevant measure of the

productive performance of labour is " quantity times quality", variations

in the quality-component in our se --,ple makes a potential cause of

inconsistent estimates when labour input is meaaured oy the quantity component

only

Quite probably the quality component of "totar'labour input does not show

a quite random variation, as the observed wage-rate,that also refers to the

quantity-component of labour, may be positively correlated with it. To

say comething more about what can happen to our ILS-estimates when there are

such variations in labour-quality we adopt the rather extreme assumption
, 	 '5)

that all observed differences in the wage-rate are due to these.

5) This assumption conforms to the one; made about quality-differences
between production and non-production workers when constructing
the labour-input measure 'applied. Cf. Cection
But the rather approximate nature of the assumption of perfect
correlation between the wage-rate and quality of labour should be *
evident. For instance as we apply a "real" wage 'rate, i.e. the ratio
between the current wage-rate and the "price"-index of value-added,
our wage-rate is clearly affected by the prices obtained on output
(and also the prices of materials).
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As is shown in Section a of Appendix III.1 we get under these assumptions
6)

that:

plim 12) =

(5) plim = 0

plim a =
-ct

This is hardly no surprising result as there is by assumption no "real"

variation in one of our identifying variables, namely w. Thus neither of

the relations of our model is identifyable. What we manage to estimate is

a ratio that should be approximately equal to one provided that there is

constant returns to scale.

Now, as pointed out the assumptions underlying the deductions in (5) are

rather extreme. But, matters need not be that bad to make indirect least

squares worthless: There are quality differences in labour input across
are

establishments in our sample and they 	 some extent at least, correlated
results0

with the wage rate. Therefore indirect least squares must give very poor

Another reason why , the ILS method does not work is the substant
7)

-

ial errors of measurement in the capital data. 	 Assuming that these

errors arc completely random we show in Section b of Appendix III .1 that the

6} "plim" denotes as usual the probability limit, i.e. the limit-value
of the estimates when number of observations approaches infinity.
Basicly it should not matter in our case whether this concerns
vumber of units (1) or number of years (T). But in some cases there
may be arguments for the following kind of probability limit

	4 ' 0, and T 4 0, but 	 is constant equal to the value of this ratio
in the sample. 	 ,

7) Cf: Appendix 11.6 and Appendix 11.7.
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asympthotic biases of the ILS-estimates on the factor-e3asticities are

:cý) b Bzw
bias	 = 

b B - b
(6) 	

(b-13 b )B
bias f3	 zw B

and the bias in the implied estimate on the elasticity of scale is:

A

(7) bias e
,- cYb	 4- b) r,

W
0/.001.11,1,4•PIN,1,1,10,4.1, 7,

b
zw

or in case of constant returns to scale:

A

(8) bias e bB

e=
a zratio of capital input, _ zu, is the

,2) is the er.or to total variance

regrescion coefficient of w from the

where ' 2 -= f3k. /(1	 r2
zw)	 k2

auxiliary regression of z on w and r is the simple correlation coefficientzw
between z and w.

Provided the elasticity of 'substitution is not too low both biases in

(6) are presumably negative as it is reasonable to assume that b >O. Butzw
we see that the denominator may be positive implying a positive biis for

A

6, but also in this case it is reasonable to -c_ieve that the bias for f3

is negative.

Anyhow the nature of the denciainator is such that even for moderate error-

variance ratios the biases ELDLt,.! quite serious  And in our case we wust

expect the present method of estimation to give generally poor results, also

because of errors of measurement in capital..

As the two kinds of errors of measurement discussed	 are largely

independent we could easily have analysed them simultaneously. But this does

not add anything new to the fin4ings so far. We have above enough evidence

to conclude that the present method of taking the simultaneity  of the model

into account is presumably quite worthless  due to errors of measur3ment.
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b. The OLS Method.

Using the OLS method instead of the ILS method on the production function

there is an additional source of bias, namely simultaneous equations, or in

our case, the endogeneity of labour input.

In the Census 'study the biases due to simultaneous equations, errors of

measurement in labour input and errors of measurement in capital when

using the OLS method are deducted and analysed.

Under fairly general assumptions we can show that the biases due to

simultaneous equations are:

(1 ... a) u 2
bias a =

D
1

(9)

bias 13 =
0-b b 	 2wz 

D
1

And therefore the bias in the estimate on the elasticity of scale is:

rt 2
((1 -0 + b b)(10) bias t,-

Di

where b is the coefficient of z in the auxiliary regression of w on z and:
wz

2 	 22
a 	 (1-r

2 
) + a

u
 + a

zw 	 v

We note that the denominator will always be positive, and provided that

a <1 the bias in the estimate on a due to simultaneous equations will always

be positive too. b is presumably also positive and therefore we cannotwz
determine the sign of the bias of the estimate on ß.. 	 constant or ,

decreasing returns to scale, the estimate on the scale-elasticity will. be

biased upwards. This is also true if we have slightly increasing returns

to scale. We note that provided the "identifying" variables w,z and 11 have

large variances compared to the variance of the error term, u of the

production function,the simultaneous equations biases need not be too bad.

We also note that a large elasticity of substitution help3 us to identify the

parameters and that this is particularly the case for a.
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Concerning errors of mPasurement in labour input it could be shown that

under the same assumptns about the behaviour of these errors as we have

adopted in the ILS case s we get the following biases when applying the

OLS-method:

- b b
a wx 	 wz zx

bias 61 =
9

b	b)wx xz

2

bias e .
ot((l-b )1.)	 + (1-7,

xz wx 1 )zx wz   

where b h and b are the slope-coefficients of the simple
WY wz' xz	 zx

"auxili-ry" regresSions'of w on x, w on z, x on z and z on x respectively.

And

(13) D2 = 1-r2
xz

a(b
(12) bias

Correspondingly we get for the case vi an
 

havirs errors of measurement in

capital only:

bias =

(14) bias	 =

bias;Dias c = $( uz-k

where:

(15) D3 = 1 - r2
x,z"x

with r 	 as the correlation coefficient between the lögs of 1abou . and thex,z-x

	

2 	 •cjp 	 2 .capital labour ratio and 	 = 	 ) Is the ratio between variance of the

	

1 	 a
error of the capital measure and z- the variance of the observed capital

labour ratio.
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We note from (12) that we cannot determine the sign of the biases due

to the kind of errors of measurement in labour input we are considering.

This is - somewhat easier for the biases due to errors of measurement in capital.

We note that the bias of is always negative and except of quite peculiar

situations the bias of a is always positive. If the coefficient b 	 iszx
near one, we also note that the bias of e is ignorable.

These bias-computations are, however, partial and this is not quite
what

satisfactory as/we would like to know is the simultaneous effect of them.

But such a simultaneous analysis is very complicated in the present context

and so partial analyses are carried out as they give a suggestion at least,

of the importance of these errors. Later we try to "estimate" these

biases to get an idea of their magnitudes.

But even if OLS in opposition to ILS do not seem to give completely "wild"

estimates, the biases of the former are presumably of a magnitude that makes

it rather poor in any case and we should look for something better.

There is, however, one possibility to "save" this method that should be

investigated. That is to combine it with analysis of covariance.

3. ANALYSIS OF COVARIANCE.

a. Causes of Differences in Results Obtained from Different Kinds of Data.

In applied econometrics one has two main data-'dimensions.. 	 section

and time series. The first refers to different: units of one kind or

another at one point of time or for one period, while the later refers to one

unit at different points of time or for different periods. If one has at

least two cross-sections of the same units (and then necessarily at different

points of time or for different periods) or time-series of at least two
8)units one has so called combined cross-section of time-series data.

Even if the later kind of data has been 6ipp1ied to some extent an

overwhelming fraction of econometric research is based on either. pure

cross-section or pure time-series data. A problem in this context that

hardly has caught proper attention is the often rather puzzling differences

Clearly, by aggregating such data we can get one cross-section or
one time-series.
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9) ,
in the results when applying the same model on the two kinds of data.

The.. reasons for this are numerous, but presumably the following are the

more impertant. First, one can say a priori that one kind of data is better

suited for the investigation of a particular problem than the other. 
10)

Second, the two kinds of data usually refer to essentially different kinds of

unit: The cross-section data are often based on more disaggregated 'units than

time-series data. Thus differences in the results may simply be the result

of aggregation, ana apparently different results may s , sgest that there are

aggregation errors in the time-ser 4 es results. Third, results Obtained by

means of the two kinds of data may be quite different, but in qite of thiS

both tell the "truth". In this category comes the argument . that, at least

for some kinds of relations, such as production functions, results fram c oss-

section data tell us about the long run effect of changes in the exiAanatory

variables while results from time-series tell us about the, short run effect

9) Some aspects of these problems are discussed in for instance:
Kuh. E. and Meyer,	 "How Extraneous are Extraneous Estimates?",
The Review of Economics and Statistics Nov. 1957.
Kuh ;-177--'Taait: al Sto ck Growih: —TTI.Tro-Econoraetric A nroach
North Holland Pal. Co.', -- .Ams7terdam 1963. -------------
Nerlove, N.: . "Recent Empirical Studies of the CES and Related
Production Functions': in Brown, M. (ed..) The Theo	 and Empirical
Analysis of Production, Studies in Income and Wealth vol ... L, NBER,
New York 1967.

10) A well-known subject of econometric analyses could serve as an example
in this context, namely the one of estimating damand functions for
consumption goods: Int is difficult to get reliable estimates on price-
elasticities by means of tross-section data even if there is some
variation in prices across units. Instead time-series data are used
for this purpose. On the other hand, it is asserted that it is casier
to get reliable estimates on the incomo—lasticities frum cross-section
dc._ta than from time-serios dat,.. This hos clearly to do with the
"behaviour" of the varioles zht are necessary for the identification
of particulni properties of the relation(s)under consideration.
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from such changes. 11)

Finally there is, in this context an argument of underlining quite

strongly differences in errors of specification and measurement for the two

kinds of data. We may, for instance manage to deflate the output and wage

rate variables applied in a model like (1) using pure time-series data, while

it is virtually impossible in cross-section data, at least of the present

kind. Even if the market price is approximately the same for.all eètablish-

ments the net-price that is relevant for the behaviour of these units may

show at least some variation. And if this price-variation is correlated with

the observed wage-rate, we may gdit seriously biased estimates when using

cross section data. While using properly deflated time-series data may give

more consistent estimates.

For time-series data we may also succeed in getting an index measuring

the quality of labour input and thus be able to take care of this

component of the production performance of labour input. This is much more

difficult when having a cross-section of micro-units. And as is shown in

the previous section ignoring the quality component of labour input may

have serious effects on our estimates. 12 )
And generally the effects of non-deflated output and wage-rate variables

or quality-variations in, labour input may be quite different for the two

kinds of data if prices or quality shows a different degree of variation

across units than over time, or if they otherwise behave different in the

two kinds of data.

11) This again has basicly to do with the "behaviour" of variables, as
this argument refers to" variablesthat have a wide variation in
cross-section . data butemuch smaller variatiön in'time-series data.

_Having for instance establishments of widely different sites, we can
use the results obtained by meant Of these.data to "predict" what
will happen to the endogenous variable-valUes of a small establish-

 mnt that get-time enough to expand into An Upper size-class.
A related. argument may be valid for asample of hoUseholdS with
widely different incomes. For time-series data the differences
of the explanatory variables are rather small and we can observe
what happens to the endogeneous variables from one petiod'to,the
next due to chali3es in the exogeneous variables; how they are
adjusted in tie short run.

12) It could be shown that under certain assumptions the biases of the
OLS-estimates on the production function parameters due to non
deflated output and wage-rate variables are the same as those due
to quality-variations in labour input.
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We should also mention in this context variations in the capacity

utilization of the capital stock which is presumably more important in time-

series than in cross-sections data. In a sense we may, however, have a

related variation along the across dimension clue to transitory variation in

demand that is more or less establishment specific 13).

Finally, errors due to variations in management and "environments"

should be pointed out. • As this characteristic presumably is fairly stable

over time even ovner a nine-year period, it operates mainly across establish-

ments in our sample. The argument why such variations may lead to poor

results is as pointed out previously that units with good management and

favourable "environments" tend to use more of the inputs than those with

poor management and unfavourable "environment". In other words, a relevant

variable is left out of the production relation and thus enters the error

term of that relation. Andas it is correlated with the inputs it makes

the OLS estimates of the production function parameters inconsistent.

But clearly this is an aspect of the simultaneous equations problem and

provided that problem is properly solved the problem'of variations in

management and environments is too.

b. Analysis of Covariance of the Relations of the Main Model.

Some econometricians working on combined cross-section time-series data

for production units have tried to reduce or eliminate the effects of

variations in management and environments by m	 14)eans of covariance analysis

 We may also have transitory variation in supply of materials
ixTlying variat ions in the capacity utilization along the across
(limension, For instance • this seems to be a serious problem in the
Census-study for theeidehtification.of the production function

, parameters for the industry: Fish and Herring Oil and Meal
Factories.	 As we use value added as
the output measure transitory variations in the supply of materials
and in the demand for the final products have 'generally the same
cif ct on the results.

14) See for instance Mundlack, J. 1961: "Empirical Production
Function Free of Management Bias". journal of Farm Economics,
February 1961. Reprinted in Zenner, A. (ed.): Economic
Statistics and Econometrics,. Litte, Brown and Co. Hoch, 1.1955:
"Estimation of Production Function Parameters and Testing for
Efficiency". Econometrica 1955 and Hoch, 1 1957 "Estimation
of Agricultural Resource Productivities Combining Time Series
and Cross Section Data." Unr-uhl. disserta,tion, Chicago March 1957.
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They have obtained some puzzling results, particularly that the estimate on

tha elasticity of scale is substantially lower when having "eliminated the

management bias". But this can hardly be the only...reason;	 . there

are generally other errors in operation than just variation in management.

To be more specific about this let us consider what happens when applyirg

covariance analysis on our time	 --series cross-'section data. 
15)

We assume that the error term of the production function can be
16)partitioned in the following way.

16)	 U. = a. + b + u.it 	 t 	 It = 1 .......I
t = 1 .......T

wherea
l
. and 5 are assumed to be non-random across and time "effects"

respectively.	 And u . 
is a random term which with no loss of generality

lt
can be assumed to have zero mean so that EU. = a. +

L . 
In addition we

it 	 3. 	 t
assume that the variance-covariance matrix of U and thus also of u is equal

2 I where I is a (I xT) x (IxT) identity matrix and a
2 

ito a	 s the common

variance of the individual residuals.

When ignoring one or both of the effects, what we consider to be the

variance covariance matrix is a 'mongrel" matrix consisting of moments of

a. or b
t 

(or both) in some of the off-diagonal elements an, a mix of

moments of these "effects"and the variance of the residual in the diagonal

elements. 
18)

 And if, in addition the across and/or time effects are

correlated with the inputs we clearlymay commit serious errors by ignoring

them.

15) On the application of covariance analysis on such kind of data see:
Mundlack, Y. 1963: "Estimation of Production and Behaviour
Functions fram a Combination of Cross-Section and Time-Series Data"
in Christ, C.F. (ed.) Measurement in Economics, Stanford

- ity _Press 1963.

16) Cf. Scheff5 H. "Th, Analvsis of Variance", John Wiley & Sons,
Inc. N.Y. 1959.

17) In the next chapter we carry out some experiments by means of
multiple tests to find out something about the importance and
nature of such effects. This is done for the behaviour relation
of (1) also.

18) Cf. Balestra, P. and Nerlove.	 "Pooling Cross Section and Time
Series Data in the Estimation of a Dynamic Model: The Demand for
Natural Gas". Econemetrica No. 3, 1966.



83

a. and b t can also be considered as shifts" in the pro4uctiou function

across establishments and over time. And if we manage to estimate them

we have also eliminated fram the "gross" residual U.  its systematic

variation along the two dimensions, so that the presumed wellbehaved "net"

residual u. is left only.it
And this is just what we can do by means of covariance analysis. But as

will be evident later the costs of this procedure may be too hiGh as we then

in fact must use all the systematic variation along both dimensions of the

variables entering the production function. _aus we will stay more

flexible and consider the outcome of four situations.

A) When no effects are eliminated.

B) When time-effects are eliminated.

C) When across- ffects are eliminated.

D) 'When both effects are eliminated.

Case A) implies that we use the gross variation of the variables to estimate

the slope"doefficients of the production function, while B) implies that

the systematic variation over time of the variables is eliminated before the

slope-coefficients are estimated. Correspondingly case C) implies that the

systematic variation across establishments is eliminated and as pointed out

D) implies that the systematic variation along both dimensions is
,

eliminated. 
20)

 The results for the caiital-a-ad scale-elasticities for the
21)four cases are presorted in Tab e III I

2	 Case D) is the one which in principle yield estimates on the slope-
coefficients of a more long-run nature, but as the across-dimension

the domivating cm in- our . simples .thisis ale° to some-ext6nt
true for case A). As the systematic across-variation is eliminated
in cases C) and D) the estimates obtained bymeans of these are of
a more short run nature. DLit as we shall show the differences
between the results obtained for the various "cases" are mainly due
to other properties than long run/short run-ness of the estimates.

Multiple correlation coefficients are not presented as those
computed are not comparable across "cases". Neither are intercepts
presented as they have little interest in this context.
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We carry out the same procedure for the behaviour relation of (1) and the

results of the estimates on the elasticity of substitution are presented

in Table 111.2. 22)

The results obtained for Total Mining and Manufacturing when no effects

are eliminated suggest that on the average for the industries concerned there

are constant returns to scale as well as an elasticity of substitution of

unity. The results are basicly the same when eliminating the time effects.

But when eliminating the across effects the results suggest that there are

decreasing returns to scale as well as an elasticity of substitution below

unity. These are also the main findings for most of the individual

industries, even if there are some striking differences in the results of

some of them.

We could argue that this general pattern of the results is due to the

"fact" that short run elasticities are smaller than long run ones. 
23)

We could also argue along the same lines as I. Hoch and Y. Mundlack 24)

that when having eliminated the across-effects we have also eliminated the

main cause of simultaneous equations bias. This is not unreasonable for the
positive

scale-elasticity as -this kincl of bias is presumably/in our case. 25)

It is more difficult to accept the general drop in the estimate of the

capital-elasticity when eliminating across and time-effects. It is hard to

believe that the short run,elasticity of capital is close to zero for most of

the industries. The differences between the industries concerning the

22) About arguements for using covariance analysis on a behaviour
relation like the present one, cf. Mundlack, y. (1963) op. cit.

23) Cf. footnote 20) above.

24) Cf. Hoch. I. ,(1955)2221,_si_.t. and Mundlack, Y.(1961) op . cit.

25) Cf. (10) above.
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Impact on the results of eliminating the various effects are also difficult

to explain by short run/long run nature -f claseicities estimated or by

differences between industries of the i pe tcee,ce of management an-I environ-

ments as a left out variable".

Therefore we will seek other explan tior o 4' these findings, nwe1.j y

the errors present in our data.

C. Bias-Computations for the Covariance Anaysi H imates.

The analysis of covariance of the previous subsection implies that the

OLS method is used for the ,stima Lon of the various elasticities.

Thus the estimates obtained are'subject to the three kinds of biases dis-

cussed in section 2 of this chapt r. In this subsection we will try .. to

investigate to what extent these biases may explain the differences in the

results obtained from the four "cases". Thus we have to quantify the

biases. We do this by using sample statistics of the various components

entering these biases. This is clearly quite rough as the biases deducted

are asympthotic. Bt such computations may yield some suggestion of the

importance of the various biases. 27)

In the computation of the simultaneous equations biases we use for

each of the four cases the corresponding estimates on the mean square

errors from the prodiiction and behaviour relation of (1 ) for a 2 and av
2

28)respectively.

Concerning the production function parameters entering  the bias

formulas, we have not yet maieaged ta identify them., For the factor

elasticities we use however, a particular kind of factor share estimate

tobe considered later, as one of the conclusions of this chapter is that

those are at least "less inconsistent" than the estimates on these para-

eters considered so far. 29)m

26) We need not necessarily use the OLS method for the estimation of
the slope-coefficients in a covariance analysis of the kind con-
sidered in this chanter. .iut in the present context it does not
seem to be worth while to try alternatives to the OLS method.

27) Cf. the ensus-Study.

28) We know that due to simultaneous equations the OLS-estimate on the
MSE of the production function is biased downwards. On the other
hand the MSE has a positive bias due to errors of measurement in
capital, and the later Idas is presumably more important than the
former. Thus the way we estimate a , 2 probably overstates the
residual error of the production u relation, and therefore we
also probably overstate the simultaneous equations biases.

29) This method presumes constant returns to scale. From (10) we see
that this simplifies the bias of the scale-elasticity due to
simultaneous equations. About this method of estimation, see the
next section.
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Concerning the elasticity of substitution we use the OLS-estimates presented

in Table 111.2. For the camputation of the biases due to the errors of

measurement in capital we need one additional informal - ion, namely the ratio

between the variance of the error component of the capital input measure

and the observed capital labour ratio. 30) Such an information is hardly

obtainable, however, and therefore we assume that k1 = 0,5 or k1
2 = 0,25

which seems to be reasonable on the average for the four "cases". 
31)

The results of the bias-computations are presented in Table 111.3. 32)

Considering the simultaneous equations bias first the computations

of case A) suggest that there is a positive bias in the OLS-estimate on

the elasticity of scale if the assumption of constant returns to scale is

true. But for most industries it seems to be quite unimportant even if

our computations understate this bias if we really have decreasing returns

to scale. Only for Mineral Products and Misc. Products this bias is of

some ma-nitude, but we should note that as the former according to our OLS

estimates seems to have increasing returns to scale, our computations may

overstate this bias. 33)

30) We consider this ratio rather than the ratio between the error
variance .snd the capital measure-variance to avoid inconsistencies.
Due to our assumptions we must have:

2 	 do 2 a2p
k1

.............................--............. 	 .1-. 12 . . 	 2a 
2

a ,y, 	-,- az-x- . 	 z-x„ e.

2
We have k =1

only in the case when there is no variation in the "true' capital
labour ratio.

31) It is probably too high when no effects are eliminated and almost
certainly too low when both time and across effects are eliminated.
We shall have some further comments on this later.

32) The estimates of the slope-coefficients from the auxiliary-regress-
ions are presented in Appendix 111.2.

33) Cf. formula (10) above.



When the time-eff cts are eliminated the simultaneous equations biases

are about the same as for the previous case, while when the across effects

or both time and across effects are eliminated we get somewhat different

results. Particularly for the former kind - data the bias in the scale-

elasticity seems to be more serious. We should, however, be aware that the

bias-'computations for the two later kinds of data may be quite misleading.

There is clearly some truth in the argument that taking out across effects

the main source of simultaneity is eliminated. 
34)

That is in the present

context; the systematic across effects of the residual is transferred to

the behaviour relation, and bara into the production 'relation via x, while

it is less likely that ,the systematic effect -long the timedimension and

particularly the random component of the error term are so transferred.

Therefore, quite probably, the simultanecus equations biases computed for

case C and D overstate the "true" biases. In any case the simultaneous

equations bias of the c.cale-elasticity can not be seriously negative for the

two later cases, and therefore this kind of bias 4oes not explain the sharp

drop in the estimate on this elasticity for most industries when the

across effects are eliminated.
the one

Concerning che second kind -'"F bias /due to errors of measurement in

labour input it is very much.. related to the simultaneous equations bias

due to the way we compute it assuming a perfect correlation between the

observed wage-rate and the quality variations in the labour power.

:ut we note that this kind of

bias behaves differently. Except for Electrical Machinery in case A and

B and four industries (but not Electrical Kachinery;) in case D this kind

of error seems to lead to a positive bias in the estimate on the capital

elasticity. When eliminating the across effects and both time and across

effects the bias in the estimate on the elasticity of scale is for most

34) Cf. Y. Mundlack (1961) ojt. and subj-section 3.b. above.
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industrias negative and for some it seems to be quite serious. And we

should note that according to our computations those industries which have

the sharpest drop in the estimate on this elasticity when the effects

concerned are eliminated, do also have the more serious bias in this
35)estimate due to variations in the quality .of the labour input.

Finally we consider the computed biases due to random errors of measure-

ment in capital input. For the capital elasticity it is negative for all

industries for all four "cases", while for the scale-elasticity it is

negative for all industries for cases C and D. We note that also for this

kind of error the computed biases of the scale-elasticity in C'and D cases

are more serious for those industries with the sharpest drop in the estimate

on this parameter when across effects or both across and time effects are

eliminated. 36) It should be underlined, however, that these biases are

computed for the same value of kl = PL---= .5 for all cases. This

ratio may be too high when no effects ai:x eliminated, but it is certainly

too low when the across effects or both the time and across effects are

eliminated. There is not much variation in the "true" capital-labour ratio

left when the two main components of this variable are eliminated. There-

fore the biases due to errors of measurement in case A and possibly also

B are probably too high, while they are presumably too low for cases C and D.

Even if these computations are of a very tentativenature I think

they provide sufficient evidence to conclude that to  use covariance analysis

to eliminate the management bias ( or simultaneous equations bias) in the •

OLS-estimates of the production function may be subject to very high costs

in terms of seriously increased biases due to errors of measurement in the
37)factors of production.	 In the present case they certainly are too high.

35) Cf. the results for Food Products and Pulp and Paper for instance.

36) Cf. for instance the results for Mining and Quarryingand Food
Products.

37) We will not argue that this is necessarily true for data of the
present kind. For inGtance it does not seem to be generally true
for the data applied by: Krishna, K.L.: Production Relations in
Manufacturing Plants: An Exploratory Study, unpublished.  Ph.D.
Dissertation, Chicago, May 1967. This study is based on estafiish-
ment data for three U.S. manufacturing industries: Blast Furnaces
and Steel Mills, Steel Foundries and Hydraulic Cement for the
period 1954-1963. For the two former industries the estimates on
the scale-elasticity are not much changed when eliminating across
and time effects, while the estimate on this parameter for the
later one shows a drop of about .09. For all industries, however,
the estimates on the - factar-blesticities are somewhat twisted when
across and time effects are eliminated. Generally, the labour
elasticity becomes larger while the capital elasticity is reduced.



In this section somelction ft-nction paramcters.Cut estim tes on the pro

the elasticity of labour this CSt1ilStC is computed aFor

other meth° s of estimätion are c.:insidered.

In the bias-computations of the previous zection articular estimates
38)

on the factor 	 were aPPlied, nam ly factor-shares.

n, the num er of observa

estimate on the average factor-share assum

ions. 39)S is an unbiased

the individual factor-shares

where s

93
A SEARCH FOR ESTECTION METHODS THAT ARE' ROBOUST TOWARDS

ERRORS OF 14EASU104E1117 IN CASE OF SIMUE 1EOUS EQUATIONS

A Factor' Share Noti„mate cn the LaDour Eiasti itY.

So far we have not ha' much success in our attempts to obtain consist

log-normally distribut
 

d.

free competition and that

It is also an unbiased estimate on a prOvidd

the units maximize profits on the arithmetic

rather geometric average and provided also that the elasticity of substi-
.

tution is one An approximate standard -deviation of a is

(18)

We note that is not subject to any of the biases discussed in the

previous section. We have taken the simultaneity; problem into consideration

and errors o

estimate.
4

matt 	
1)er.

does clearly not matter for this

es the „:..,',.artjcular kind of crror in labour input

Tneref,re, even if he assumptions on which this factor share

estiala, is oaoed are not compl,..tely realstic, articularly the one of

Perfect com this estimate seems to ba -:Lia"ble than those

discussed previously.

38)

39)

40) see Aitchison,. J. and Brown, J.A.
CPmbridge University Press, 1963 p. 46

41) We have In , 	 w,,ere H = LQ and Nx
index of lab3u- uUt. (q =

where 	 the qunlity-

 Loi,-normal Dist
	

ion".

theCf. te Ce, 	 u

Thus s and a 
2 arc e.an and variance

WL
= 1n7- ,,,orresponding.,y will incomplete

deflatinc, of the output and wao- e -rate variables have no effect on s,
WLs	 = 1.n
V

x= — and V =
P 

Therefore s =



b. Estimates on the Capital and Saale-nasticities Five of Simultaneous

Equations ,Elias.

Concerning the elasticity of capital there is now one obvious way of

estimating it. Namely by assuming constant returns to scale and thus

obtaining:

The results so far suggest that this assumption about an elasticity of scale

of one 	 is not too bad for most industries. The effects of the different

kinds of errors present are, however, rather unpredictable, and we should

therefore not rely too heavily on these results.

If we are not willing to accept the assumption of constant returns to

scale, at least without further investigations, we may estimate f3 fram he

relation

(20) 	 = a + $z +

by means of ordinary least squares. The estimate on the capital and scale

elasticities thus obtained are not subject to simultaneous equations bias,

provided that the assumptions on which the estimation of a as SL are true.

But these estimates are, however, subject to errors of measurement biases of

both kinds discussed above.

C. An Evaluation of the Effects of Simultaneous Equations on the OLS-Estimates

An investigation of the results of (20) and a comparison of these with

the 0LS-estimates obtained previously should make a good base for an

evaluation of the importance of the simultaneous equations bias of our

previous results. This is done for the capital elasticity as it is almost

similiar for the scale-elasticity.

In Table 111.4 the results of (20) are presented, with, various treatment

of the systematic across and time components (or effects)of the residual.

First of all we note that when no effects, or if only time-effects are

eliminated the estimate on fi is substantially higher as compared to the

corresponding results of Table III i But when across-effects are eliminated,

either alone or together with the time-effects the estimate on $ drops sharply,

and on the average for all industries they are not far fram the corresponding

estimates obtained when the simultaneity bips is ignored.
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This suggests that the errors of meaaurement biases are more serious in this case

when analysis of covariance is applied than previcaasly. An attempt to verify

this assertion is made by computing these biases in a corresponding way as pre-

viously.

It is easily shown that the bias of the estima: on from ( 2 0) due to random
42)

ierrors of measurement in capital s

2

(21)
A 	 a

ebias 3 =	 ----
G

2

And we can show that the bias due to errors of measurement in labour input of the

kind previously discussed is:

(22) Bias 	Sb
L W2

• 
i	

43)
where b	 is th 'auxilary' regression coefficient' of w on z	 . Assuming

W2

as previously that the true 3 is equal to the capital's share in value added,
2

SK and that o.e = C.25 a	 we get the "e timates" of the biases Irma (21) and
z-x

(22) as presented in Table 111.5.

We note	 fram this table that when no effects or time .fects only are

eliminated, the two kinds of biases, under the assuuptions made, tend to balauce

each other for most industries, in opposition to the bias-computations presented

in Table 111.3 where the errors of measurement in capital-bi s seems to be more

important than the one due to errors of measurement in labour.

Thus the differences between the estimates on ,(3 in the case when simultaneous

equations errors are present and when they are not look generally too small.

For Total Aining ana Manufacturing, when no effects are eliminated the difference

is -.032 while the corresponding simultaneous equations bias computed is -0.160 o

almost the Piouble. •

There seeras to be one reasonable explanation on this, nanely that the biases

due to simultaneous equations are highly overstated by our computations in Table

111.3 9 even in the case when no effects are eliminated. And this is evidently

due to the fact that the computed Eean square error applied in the bias-calculations

contains components 	 of ,deaquremett-errors . 	 of the factors and that these

42) As z according to our assumptions is a random variable this is an
asympthotic bias.

43) Under reasonable assumptions it -an be shown that these two biases are
additive: That is th joint effect of ea_ two kinds of errors of measu-

rem3nt is, bias
A 	 u

e2
b

2	 L wz
Oz

The biases are computed separately, however, to make an evaluation of
the importance of each kind of error possible.



MSE 	 MSE

0.35
(0.004)
0.379
(0.016)
C.365
(0.013)
0.351
(0.018)
0.253
(0.017)
0.313
(0.021)
0.327
(0.011)
0.265
(0.013)
0.439
(0.019)
0.483
(0,017)
0.413
(0.020),
0.276
(0.017)
0.328
(0.019)
0.291
(0.023)
0.273
(0.010)
0.336

(0. 03.7)

0.192

0.445

0.156

0.153

0.295

0.170

0.129

0.547

0.218

0.223

0.179

0.172

0.261

0.166

0.407

0.376
(0.016)
0.358
(0.013)
0.340
(0.013)
0.257
(0.017)
0.309
'0.021)
0. 319
(0.010)
0.266
(0.013)
0.437
(0.019)
0.483
(0.017)
0.406
(0.019)
0.269
(0.017)
0.325
(0.019)
0.283
(0.023)
0.272
(0.010)
0.324
(0,035)

(0.012)
0.210
(0.056)
0.171
(0.040)

0 155 0.357. (0.056)
0.060
(0.033)
0.249
(0.051)
0.234
(0.033)

	

L 	 0.0900.12/ (0.032)
0.221
(0.050)
0.390
(0.049)
0.195
(0.050)
0.174
(0.046)
0.295
(0.053)
0.235
(0.068)
0.126
(0.030
0.435
(0.124)

0.2e6	0 . 351
0.281

0.135

0.424

0.158

0.292

0.150

0.529

0.222

0.210

0.177

0.173

0.257

0.166

0 . 354

96

able 111.4.

OLS -Estimates on ß rom the Relation v Sì, z 4

No effects 	 Time effects Across effects Both effects
eliminated 	 eliminated 	 eliminated . 	 eliminatedIndustry

Tot. Min. and Man.

Mining and Quar.

Food Products

Textiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Mineral Products

Basic Steel

Metal Products

Non-El. Machinery

El. Machinery

Transp. Equipment

Misc. Products

MSE 	3	 MSE

0.1010.114 	 0.103(0.012)
0.085
(0.054)
-0.010
(0.033)
0.291
(0.060)
0.023
(0.033)
0.174
(0.052)
0.060
(0.029)
0.100
(0.031)
0.166
(0.047)
0.355
(0.052)
-0.109
(0048)
0.002
(0.052)
0.194
(0.061)
-0.007
(0.076)
0.100
(0.030)
0.245
(0.120)

0.072

0.169

0.083

0.053

0.120

0,083

0.054

0. 1 8 6

0.057

0.104

0.101

0.067

0.091

0.294

0.056

0.160

0.081

0.056

0.112

0.062

0.051

0.160

0.056

0.071

0.094

0.065

0.081

0.0

0.234
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cotaponerits are only partly balanced by the negative bias in this estimate on the
due

mean square error/ to simultaneous equations.

We also note that in this case the bias in edue to errors of measurement in

capital is less important when no effects or time-effects only are eliminated, com-

pared to the previous case when the simultaneous equations errors Vere ignored, but

that in case the across-effects are eliminated, alone or together with the time

effects this kind of bias seems to be of the same order of magnitude in the present
44)

and the previous case 	 . To a less'extent this seems also to be true for the bias

due to errors of measurement in labour.

As pointed cut the two kinds of error-biases computed tend to balance each

other in the present case, when no effects or time effects only are eliminated.

This is, however, not generally true when the across effects are eliminated also
as

Thus/we now observe a sharper drop in the estimates on 3 when covariance analysis

is applied, as compared to the case where the simultaneity errors were ignored,

we have two explanations for this; When no effects are eliminated the generally

higher level of the estimates on IS is a joint effect of the elimination of the
-ment

simultaneous equations bias and reduced net-effect of the errors of measure /biases.

But when applying covariance analysis (both 'across- and title-effects eliminated)

the net effect of the two errors is about the same as when the simultaneity errors

are ignored.

d. Estimates on the Capital and Scale-Elasticities Free of Both Simultaneous

Equations Bias and Errors of Measurement in Capital-Bias.

Even if the aet effect of the two types of error of measurement seems to be

quite unimportant in the case when no effects are eliminated we should not feel

too satisfied with the results obtained. The bias calculations are very tentative

and thus we really do not know what in fact is the net effect of the errors.

Thus in this section we will go a step further and try to reduce or eliminate

one of the errors of measurement biases, namely the one due to errors in our

capital measure.

44) As pointed out in the previous section we probably overstate the error
of measurement in capital by assuming
2

a
e = 0.25 e2 , in the case no effects are eliminated, but that we cer-

z x
tainly underestimate this error in the case across- and time-effects
are eliminated.
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Considering relation (20) we have, when ignorio6 errors of measurement in

labour a classical error of measurement problem as concerns z. From the lit-

teratul.e a number of methods are available to "solve" this prolem. We will con-

sider only one class of methods, namely instrumental variable 
45)

. In the present

case the number of potential instruments that could se-ve our purpose is, however,

very low. We can in fact think of only one ordinary variable, namely the wage

rate. But this one has clearly to be rejected as it is subject to a particular

kind of measurement error itself. Therefore we turn to another method known as

grouping of data4 , that in a special case is equal to a particular application

of duumy-variables as an instrument for a right-side variable subject to error.

As capital input clearly is correlated with size, we rank the establishments

per year according to total employment and define r 1 = 1 for the lower third of

the units and r = O otherwise, and r2 = 1 for the per third and r2 = C other-

wise
47) . Using r 	 rl, as an instrument for z in (20) we get the corresponding

estimate on i3 as

(23)
	 „,

	 v2 - v s - ST 2
-x

1
)

z2 	 z 1

where the bars indicate 	 means and the subscripts indicate size-groups.

45) Cf 0 for in tance Sargan, Jai). 	 The Estimation of Economic Relationships
usingInstrumental Variables". 4conometrioa4 July 1952.

46) Cf. Wald, A. "Fitting of straight lines if both variables are subject
to error, Annals of Mathematical Statistics, Vol. - 11 194C, and A.
Madansky; 	 The fitting of straight lines when both variables are subject
to error", journal of the Amurican Statistica Association, 1959.. The
properties of this method in variods applicatiofis are considered in
Gabrielsen, A. 'GrupperinguLetoden", Memorandum from the Institute
of Economics, University of Oslo, 15 April 1969.

47) 'fl:e fi,dings of some studies indicate that under rather wide conditions
the efficiency of the estimates obtained by the 'method of grouping
is b ,17st when about one third of the units of each extreme of the
obervatios are included in the way done by us in the present context.
Cf. Bartlett, 14.S.. 'Fitting a. straight line when both. variables are
subject to error" Biometrics, 1949, 'Gibson, WM. and Jowett, G.H.
""Three-group regression analysis, Part I, Simple regression analysis",
Applied , Statistics, 1957, Nair, K.R. and Shrivastava, H.P. "On a simple
method of curve fitting", Sankhya, 1942 and Theil, H. and Yzeren,J.
On the efficiency of Wald e s method of fitting straight lines",

Revue de l'Institut International de Statistique, 1956.

40) A related method cf estimation is applied in the Census-study.
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49)
And we get a standard error of this estimate as:

(24)
	 u

9 2
( 2 	 Zl)

where au	 mis the standard deviation of the error ter and n is the number of obser-

vations of the sample.

Eavirg estimated the elasticity of labour by means of the factor-share method

described in subsection a above we have now, by means of (23) also an estimate

on the elasticity of scale free of both simultaneous ecuations bias and errors

of measurement in capital-bias.
4910

e) A Comparison of the Various Estimates Obtained on the Capital and Scale-

Elasticities.

The results for the method dc ducted in the previous sub-section are presented

in Table 111.6 together with the results for the capital elasticity and the scale
50)

elasticity obtained by means of the alethods previously discussed	 . The first set

of estimates presented in this table are subject to all three kinds of biases

under discussion. The second set of estimates (containing the estimates of

only) are free of all three kinds of biases, but may be subject to other errors

due to the assumption made about constant returns to scale. The third set is

subject to biases due to errors of measurement, while the final one is subject

to bias due to errors of measurement in labour input only In light of the

bias computations above the .differences between the different sets of estimates

are as expected

On the average for our industries the factor-share estimates on the capital

elasticity is about 50% higher than the pure OLS-ones. But for a number of

industries, such as Clothing, Hetal Products, Non-El. Machinery, El. Machinery

and Transport Equipment the difference between the two capital-elasticity estimates

49) Cf. Goldberger, A.S.; "Econometric Theory", Wiley Publications in
Statistics, New York 1964, section 6.4.

50) Concerning the instrumental variable method the estimate on the standard
error of the estimate on the capitalu,elasticity is approximate as we
use the mean square error obtained by means of the OLS-method as an
estimate on the variance of the error term (a2). But an inspection of
this approximation for Total Mining and Manufacturing suggested that
it does not understate unduely the 'true" estimate of this variance -
(implied by the estimates obtained on the factor elasticities, SL 

and )0

49b) This method of estimating the factor elasticities will be referred to
as the Klein Wald method in the following (Klein for the factor-share
method and Wald for the grouping method).
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0.884

.970
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0.91)
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1.045

0.95Ò

O 433
.006)

0.'
1(0.018)
I 0.420

.013)
,.300
.023)

0.451
0.030)
0.393
,.C27)
0.367

'().016)
.336

0.527
1(0.024)
0.520

I 0.543
1(0.024)

0.315,
1 (0.02j)
0.393
(0.023)
0.464

1(0.C33)
0.304

0.309
(0.059)
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Table 111. 8.

Estimate on th Cqpital-Licstici u and the

Elasticity of Sca1 from th Chb-Doug1w Relation.

:ndustry OLS

-
Factor share

fora
„actor share

for
4

ctor share
for a

OLS for f),

dein Wald
method

C
	 A	

C

ot Min. nd Han.;

rining aud Quar.

r'ood Products

7extiles

aothing

food Products

'ulp and Paper

luting

las c Chemicals

lineral Products

lasic Steel

fetal Product,,

onEl.1.1achinery

. Machinery

Cransp. Equipz,ent

Ilse. Products

- 4-
0.272
(0.007) .0u5
0.231 0.963
(0.040) (0.022)
0.372
(0.025) (0.014)
0.293 0.940
(0.034) 1(9.022)
00 -080 0.933
(0.024-
00103 	 1.092
(0.033) (0.024)
0.300 0.896
(0.023) 1(0.0,15)
0.146 I 1.041
023) (04071)

0.093
.037) 0.019)

0.322 L 1.110
(43.03) 0.023)
0.200
(0.029) 	 0.02 0 )
0.129 j 0.944

	

034) 	 ',„)..u18)
0.02n 	 1.07o
(0.037) 	 021)
0. - 111'
2,043) 	 .029)'

1 	 1.070
(C'.021)
.0.355
(0.046) 	 046'

0.397
.003

0. 4Z1
(0.017)
0.475
(0.3, )

.429
Jo)
fi,

OCS)
.251

( - .7,19)
0.44i
(0.n37)
0.295
'0.009)
0.504
(0.013)
6.444
.,J13)
400
. 12)
.33
.011)

357
,.C15)
.22n
.011)

0. 386
.034'

0.354
(0.004)
0.379
(0.C16)

.365
n11)

0.351
016)

0.250
,r).017)
0.289
(n.021)
0.327
.011)

r.%265
.n13)

0.439
(Or.',19)

•
*,)

0,4

0.275

0.323
01_0)

0 . 290
323)
273

.037
,336

1.036

0.945

0.951

1.

1.142

0.924

1.041

1., 3

1.076

1.J

.034

1.107

1.J76

0.923 i

) e = 1 per assumption.
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is several hundred precents.

As expected the factor-setare /OLS mthod yields generally lower estimates on

the capital elasticity than the pure factor-share method. There are three

industries for which the opposite is true , namely Wood Products, Mineral Products

and Transport Equipment. Thus these do also have an estimate on the elasticity

of scale above one. But when eliminating the error of measurement in capital -

bias there are nine industries with an estimate on the scale-elasticity above

one. Seven of these do also have an OLS estimate on Cee scale-elasticity above

one. In the former case there are thus six industries with an estimate on the

capital elasticity below the factor-share estimate on that parameter.

fa An Atte, t to Eliminate the Erncts of Quality Variations in Labour Input.

All types of estimates on the capital and scale-elasticities, except those

obtained by the pure factor-share method, are subject to one or more of the three

biases under discussion in the present chapter. The last set of estimates presen-

ted in Table 111.6 is, however, subject to biases due to quality variations in the

labour input measure only.

We have previously argued that the assumption made about the behaviour of

this error is rather extreme, namely that the quality component of labour input

is perfectly correlated with the observed wage-rate. The results of the ACS-

relation suggest that this cannot be true for all industries. But having adopted

this assumption in the bias-computations we may take the full consequenses of it

and measure labour input correspondingly, as it iraplieš that the proper labour

input measure is WL and not L. By doing this we should in the case factor share

for a and OLS for (3 is applied get the same estimate as by subtracting the computed
A

bias in 13 due to this kind of error(ef. Table 111.5 when no effects are eliminated)

from the corresponding estimate on 13 when L is applied as input measure51) .

In Table 111.7 the results of our methods of estimation when WL is applied

as the labonr input measure are presented. The first set of estimates is free

of errors of measurement in labour-bias only, in the second set the simultaneous

51) When th 'pure" OLS-method is applied, we can 'predict" that the dif-
ference between the two estivates on	 when L and 1114 is applied as
measures of labour input is larger than the computed bias as this bias
is computed by assuming a = S which is smaller than the OLS estimate on
this narameter.



OLS

,z

Factor share
for a

OLS_

Klein Wald
MethodI Indust
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Table 1.1.7.

A Comparison of Diffarent 1,stimato.s of the CapitaZ Elasticity and

the Elasticity of Scale rom the Reiatio v = a(w+x) 	 u'.

e
	 E

Tot. Min. and MAI

Mining and Quar.

Food Products

extiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

lineral Products

Basic Steel

netal Product

Non-El. Aachinery

El. Machinery

Trans . Equijxent

. Products

'.J77
(0.007) (0.004

	

0.241 	 •
(0.03S)I (, C20

.1D:?, 1 0.599
(0.023) (0.012
0.159 0.961
(0.034) (0.0 19
0.042 0.907

. (0.021) 	 (0.010

	

0.120 	 1.076

	

(0.035 	 0.035
C.100

	

(0.013) 	 (0.011)i

	

0.087 	 1.053

	

(0.020) 	 (0.014)1

	

0.108 	 0.959

	

(0.032) 	 (0.017)1

	

0.1 23 	 1.117

	

(0.036) 	 .010)

	

0.161 	 1.034

	

(0.036 	 0.024)1
0.043 1
(0.034)

	

-0.097 	 1

	

(0.037) 	 0.019) 1

	

0.144 	 0.996
.021)1

1.057
(C. 	 (0.009)i

	

(L15 9 	0,917
(0.035)1

0.323
(0.004)
0.342
(0.015)
C.348
(0.012)

.329
'0.017)
0.246
(0.016)
0.209
(C.019)

(0.009)
0.255
(0.012)

.420
010

0.453
(.7,16)
.335

0.019)
0.250
(0.017)
0.310
‘,019)

n <1 ,-7*

(0.C19).
0.262

39)

C.031)

L

-.9,6

.911

.o7 1

C'

-013

.355

3.960 1

916

.011

907

0.951

29

034

'1.378

0.410 1I

	

04) 	 1.i./13

0.332
(0.017)
0.42
(0.016) 1,.947
0.373 0i4 4(0.021)
0.436
(0.025) I 1.036

	

(0:;.•302954) 	 1.123

	

0.380 	 . 95(0.013) !
v.,346

	

(0.014) 	 1.052

0.505
(0.021)
0.502

	

(0.017) 	 1.053

(0.023) 1.036

0.319 0.930(0.021)
0.391

	

(0.021) 	 1.032

0.395 i
(04025)
0.297 1.

	

(0.011 	 .n69

	

0.5) 1 	
.901
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equations bias is eliminated also, and the final set of estimates should be "free"

of all three kinds of bias 52)
0 rut due to the extreme assumption made about the

error in the labour input measure we will rather argue that the last set of

estimates presented in Table 111.7 represents kind of lower limits of the unbiased

estimates of the capital and scale elasticities that we could have obtained by

the	 Klein Wald -method if the labour input was correctly measured.

And in the same way the corresponding set of estimates of Table 111.6 represents

the same kind of upper limit of these estimates.
53)

g) Errors of Measurement and the Estimation of tha Elasticity of Substitution.

The estimates obtained for the elasticity of substitution by means of the

behaviour relation of our model are seriously distorted due to quality variations

in labour input. 54)
 An alternative to this method worth considering is

the socalled Ymenta-approximation which is a Taylor expansion of the CES relation

around the value of the elasticity of substitution of one which corresponds to

the Cobb-Douglas case.
55) 

Excluding terms of third and higher orders we get this

approxim&tion as:

(25)	 v=yx+y2z+y (z-x)
2

.

The factor-elasticities implied by this relation depend on the capital-labour

ratio. But we get directly the values of these elasticities as a and $ for the

A
52) The standard error of 3 is computed by means of formula (20) using the

estimated standard deviation of the error term obtained fram the OLS
regression when WL is applied as the labour input measure. Thus this
standard error of Çs is approximate in the same way as the standard error
of this estimate when L is applied as input measure.

53) We should note, however, that for two industries this interpretation
of the two sets of estimates does not hold, namely for Food Products
and Printing as when using WL as the labour input measure yields some-
what higher estimates than when using L.

54) It is shown in Appendix 111.1 that under our assumptions this estimate
is biased towards one.

55) See: Kmenta, J.: "On the Estimation of the CES Production Function"
International Economic Review VIII (2) 1967 180-189.
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mean of the log capital labour ratio	 by tewríting the relation as:

(26) v = ax	 [-Lz	 y ( z-x,e(i',..T0) 2

And it can be shown that the elasticity of substitution for the mean of the log

capital labour ratios 
56)

:

1
(27) b

1 -
a

But evidently as there are serious problems present when trying to obtain reliable

estimates on the factor elasticities from the CobbDouglas relation it must be

even more difficult to obtain reliable estimates on the elasticity of substitution

from (26) as this method implies both a squared variable in the regression equa-

tion and an indirect estimation by (27) of the parameter of interest.

We must therefore consider the effects of the three kinds of errors previously

discussed on the estimation of the elasticity of substitution by mans of (26) and

(27). The simultaneous equations biases will prrmarely have the effect that the

product of a and F., in formula (27) is biased downwards. As shown previously the

estimate on the scale elasticity is fairly roboust towards errors due to simul-

taneous equations and is about one. But while the product of the two factor

share estimates for Total Mining and Uanufacturing for instance is qi.24 the

product of the OLS-estimates is "..14. Thus even if the effect on the estimate

on y of simultaneous equations is rattler unpredictable, this kind of error pro-

bably bias the e3timate on the elasticity of substitution away from one. For

the same reason this does also seen to be the main effect of errors of measure-

ment of labour input. Concerning errors of measurement in capital input it

has been shown that the OLS estimates both on 3 and particularly on yam seriously
• 57) 	 A

biased downwards. 	 Generally a is biased upwards which implies that this kind

of error has two opposite effects on the estimate on the elasticity of substitution.

It is biased towards one because y is biased towards zero, while it is biased

56) The Kmenta approximation does not have a constant elasticity of sub-
stitution, but it is convenient to compute the value of this parameter
for the sample-mean of the variable on which it depends, namely

z-x = ln--. But as it depends on the capital/labour ratio only, theL
Kmenta-approximation is a hamothetic production function.

57) Cf. Griliches, Z. and Ringstad, V.: "Error-in-the-Variabl s Bias in
Non-Linear Contexts." forthcoming in E-onometrica.



away fram one because a(6 i biased towards zero. But if we adopt the assumptions

of the study referred to in footnote 57) it can be shown that the net effect
A

is a bias of b towards one. We have for large samples 13 gl-X) and2as constant
A 	 ae2

returns to scale is assumed, a - a 4- X, and y y(1-X), where X =	 the
(Jz-x

ratio of the error variance to the variance of the measured log capital/labour

ratio. Therefore

Jo6

(28)	 b 1
2y(1 -X)
13((ìftU)

A
which clearly implies that b. is biased towards one.

We try to investigate the importance of the different kinds of biases in

a related way as for the factor elasticities. First, we estimate b by means of

the OLS-method on (26). This is done both when the elasticity of scale is

unconstrained and when it is constrained to one. And it is done both when L and

WL is applied as the labour input measure. 'Second we estimate y when the means
the
of/factor elasticities are constrained to be equal to these factors shares in

value added. Thus we have:

- 2
(29) v 	 S x 	 S

K 	 y(z-x-(z-x))

and

2
(30) v 	 S (w+x) 	 s

K" 
= y(z 	 ec-(wi 	 (z-(707410)

•

Third the size-dummies-instrumental variable method is applied on (29) by ranking

the units according to the size of the right side variable. This is done with

L as the labour input only.

In Table 111.3 the results of these computations ave presented for Total

Mining and liatiufacturing. We note first that all results from the Ymenta-relation

implies that the elasticity of substitution is above one. This does not corre-

spond quite well to the results of the ACHS relation which suggests that the
58)elasticity of substitution is below one.	 This divergence leads us to try the

58) Neither do these results correspond quite well to the reults obtained
for these two relations for Total Man in the Census-study. Even
if these two relations showed highly different results for most of the
individual industries the results for Total Man. were approximately
the same. Se. .871 from the aienta relation and 6= .950 from the ACHS
relation.
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Tabi, oIII8.

Estimate. on thc Elasticity of Substitution from the enenta

Relation and The ACMS Rela tjon fo Total Tlinng and anufacturng.

Method of Estimation 	I	 y
0.054

Unconstrained OLS (I) (0.006)

Km_nta	 Unconstrained OLS (II)

t relation  Constrained OLS (TI)

Factor share/OLS (1)

:2a-tor share/OLS (II)

Factor aare/S.d.i.v. (I)

Constrained OLS (1)
C.054

(0.006
0.026

(0.005)
0.029

(7J.005)
0.00

(0.006)

0.005)
0.070

(0.011)

1 2.144

2.140

1.573

1.641

2.255

1.553

2.37

Relation

OL

Sdiv. 	 _ 0 0

.994
(0.016)
0.980

(0.016)

refers to L as labour input measure while II refers to WL as labour input

measure.	 refers to size-dummies instrurental variable nethod (o.

Wald 's method of grouping).

size-dummies-instrumental-variable Il-tee:Lod also for the AMIS relation by ranking

the units by the size of W, hfter all W i- computed as a ratio between two

characteristics that both may b subject to errors. But according to the results

of this estimation this does not seem to matter. In fact aie estimate on b show-

a drop co7aparefl to the one obtained by means of th -, OLS-n(thod.

The conotraining of the elastici,:y of scale to one does not matter for the

results when L is used as the labour input measure, and it does not matter much

in the case WL is applied either. We note that the effect of the elimination of

the simultaneous equations bias on b depends on if we have eliminated the errors

of measurement in labour bias or nc,. If not y is slightly bigger and if

so it is	 slightly smallercoapared,to the constrained OLS results. The eli-i-

nation of the errors of measurement bias leads as expected to a somewhat higher
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value of b. But rather surprisingly, neither  the simultaneous equations bias nor

the error of measurement in capita1-b 4 as seems to be very important for the esti-

mation of b fram the Kmenta-approximation.

The errors of measurement in labour bias seem to be more important but again

we should remember that we presumably overstate tliia kind of bias by our compu-

tations.

5. Summary.

The findings of this chapter provide sufficient evidence to conclude that

in econometric studies like the present one, one should be very careful when

interpreting the results without a thorough investigation of the "behaviour" of

the variables involved.

To be more specific the following conclusions seem to be apparent.

1 0 In general one should never ignore possible errors in the measures of the right

side-variables of a relation when trying to deal with the problem of simultaneous

equations.

2. In particular indirect least squares does definitely not work in our case

due to errors of measurement.

3. Neither does analysis of covariance work as this method also is very little

roboust towards errors of measurement.

4. Using the factor share method to estimate the elasticity of labour and com-

bining this with the ordinary least square method to estimate the elasticity of

capital does not only eliminate the simultaueous equations bias, it does also

seem to reduce the importance of the errors of measurement biases.

5. Estimating the elasticity of labour by means of the factor share method and

the elaeticity of capital by means of the size-dummies-instrumental variables

method seems to yield the more reliable estimates for the present kind of data.

6. The results obtained by means of this method suggest that on the average there

are slightly il4creasing returns to scale in Norwegian Mining and Manufacturing.

That we in this case generally get a somewhat lower estimate on the scale-elasticity

than in the Census-study can probably be explained by the fact that on the aver-

age the units of the present study are larger than those of the Census-study and

as the results of the later study suggest that there in Norwegian Manufacturing is

a decrease of the scale-elasticity with scale.
7. The results concerning the elasticity of substitution are rather inconclusive.

59) In the Census-study a slightly different size-group method was applied
in the Pstimation of the capital elasticity, with a higher number of
units in the lower group than in the upper one. When using L as labour
input measure the estimate on the scale-elasticity for Total Hanufacturing
was, t = 1.050 while using 111, yielded t = 1.025.
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Appndix

Deduction of Biases of the ILS-Estimates on the Production

Function Param t-rs in case of Erroro of Alcasuremnt.

a. The Effects of Quality-Variations in Labour Input.

The mdel is.

y = ax + 3z + u
(1)

y-x = bw + v

where y = 1nV, x = I 	 KnL, z = ln an- w = lull
1)

The "correcemodel is however:

Y = ax + ‘3 ,74 + u
(2)

y-x = bw + v'

where x
* 

= x + q and w 	 - -1 where q = lnQ and Q is the quality-level of labour

input. And we get

u = u 2 	ag
(3)

v = 11'	 (1-10)q

We assume that indirect least squares when applied on (z. ) yields consistent

estimates on the parameters, ssuinirig y and x to be endogeneou.. and z and w /
exogeneous.

Provided now that the wage rate is perfectly correlated with the quality

index we get the following results when indirect least squares is applied on 1

(4)
	 A 	 E(y x)w 	 b 	 E(v'+(1- 10c,

Em
2

I) The variables are campu ec as deviations from their means.



u-vw 	z
1-a 	 1-a 	 1-a

x = w + 7r
2
z + r

1
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Due to our assumptions:

(5) 	 plim b = 1

From the second reduced forn equation:

we get

ExwE
2

z 	 ExzEwz 	 ,Ewz= 	 =
D1 	 1
	

D
1

(8)

Where:

Exz w 	 ExwEwzErzEw
2 
- Erwan= Tr _

(9) D1 = Ew
2
Ez

2 
- (Dwz)'"

As

(1Q) 	 r = (1 -a -10(1
.1-a

we get

(11)

AIM	 = - 11

Plim ft 2 = 7 2 -

Thus:

plita =

(12)

plira f3 = 1-a



b. The Effects of Errors of Lea,, -k-7,Aent in v.pitca.

We apply the model in (1) while the "correct' model now

y = ax az
* u*

y-x =	 v

* .
where the "true measuraof capital z Is equal to our measure minus an error term

e 	 with constant variance and which is distributed randomly!

That is:

(14) z
* 

= z-e

Indirect least squares applied on (13) 4 s assumed to give consistent estimates.

From (1) and (13) we get that

(15) u = u *

We note that the estimation of b is not affected of the error e, and clearly we

have in this carse.

(16) Eb=b

As we now have:

(17) u	 v	 ().

we get, by means of ordinary least squares on (7), using formulas ( and (9)

and (17)2

ft
1
 = 1' 1

*
-v-Ç)e)wEz 	Eu -v-13e)n ,,,Ezw1-a

D1

17774.(E(u
*
-v-(,3e)zEw 	 E(u*-v-p3e)wEaw

=
2 	 2
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And we therefore get that:

b
zw 2

1T 1 = 7T1 	
1-r

2 k

(19)

	plim
	1 k2

7r2 '2 1-a 1-r 2
zw

	

azw 	 2
where b 9 --Ir aüd r is the correlation coefficient between z and w and krw a 	 zwa 	 w
, e,2 .=k--1 is the error to total variance-ratio of the capital input measure.az

Thus we have that:

(1-a)b B
plPulli(a-a) = 	 zw

(20),
(b-a )Bzwplim

where

(21) 	 B = k2/(lr  )zw

ZW

b Bb
rw

Bbzw
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diz, 111.2.

Table A..771,21

Coefficients from Auxiliary Regressions Applied in  the

Biac-Computations of Section 	4

A: No Effects niminated.

'Industry b Twx	 WZ

	0.6393	 0.0252 	 0.0521

	

0.7102	 3.0213 i 0.0221

	

0.3169 	 -0.0102 	 0.0324

	

0.6990 	 -0.0014 i 0.0381

f1 .57 ,J2
0.7137
0.6794
0.6290

-0.0047
0.0265
0.0261

-0.0152

0.0204
0.0326

0501
0.0143

Tot. Min. and Man.i
Mining and Quar.

I Food Products
Textiles

I Clothing
1 Wood Products
I Pulp and Paper
1 Printing

b
z

0.9902
I 1.1915
0.87"
1.0462

0. 9819
0.9915
1.1439
1.1015

zw 	 x,z-x

	1.2365	 -0.0214

	

1.9373 	 C.6496
	0.408 1 	-0.3085

	

0.9839 	 0.1142

0.3673
0

	

1.5542 	 .0200

	

0.6617 	 0.3632

	

0.3933 	 0.1853

I Basic ChemicalsIMineral Products
Basic Steel

I Metal Products

0.3372
0.6962
0.6029
0.7971

0.:)307
0.0413
0.(499
..;.0169

0.0400
. 0546

0.0456
0.0433

0.9021
1.1756
1.2663
0.9434

	

0.7666 	 0.3500

	

2.9454 	 0.5203

	

1.5340 	 0.47C1

	

1.3439 	 -0.190.3

Non-El. Machinery
1El. Machinery
Transp. Equipm.
Misc. Products

Industry

	0.7344	 0.0042

	

0.6670 	 0.0504 !

	

0.8760 	 0.0050

	

0.6229 	 0.0606

0.0292
0.0089
0.0142
0.1164

	

.0691 	 1.5491

	

1.0734 	 0.1616
0.9202 j 0.6179
0.9552 1 0.2119

0.2175
1711

-0.3798
-0.0719 I

1
D	 Ix,z-x

-0.0223 I
0.6909 I

-0.3923
0.1219

B: Time Effec 4-8 Eliminated.

Tot. Min. and Man i 0.6911
Mining and Quar. 	 0.7147
Food Products 	 0.3190
Textiles 	 0.7035

0.0241
0.0239
3.0131

I 0.0477
1 0.01'1 1
1 0.0242

0.0322

,i
b	 -, 	 i

	

i 	 b , 	 b 	 Iwz r 	 Irr, i 	 zw

0. (..)3°7
1.1949

	

9.6749 	 0.3919

	

1.0430 	 1.0955

2.5390
1.3359

1 	 n
,

Clothing 	 0.5734 	 I 0.01590000 , 	 -0.0183

	

1 0.906- 	 .3393
Wood Products 	i 0.7170 	0.0236	 0.02600.9903 	 1.7292 	 -0.0229
Pulp and Paper 	 0.6058 	 0.0379 1 0.0361 	 1.1502- 	 1.0651 '.

0.3900.
Printing 	i 0.6291 	 0.0153 	 0.0147 f 1.1020 	 0.9330 i 	 0.1862

	i 0.A70 • 0.9029 	 1.00%51.1 -0.3572
i

Basic Chemicals 	 0.5373 	 0.0312 1
Mineral Products i C.6905 	O.0423	 0.0521 	 1.1769 	 3.3085 I 	 0.5341
Basic Steel 	 ,,,, r,r-,,J.u,...,„, 	0.0364	 0.0300 	 1.2603 	 2.1778 i 	 0.4656
Metal Products 	 0.3075 	 0.0119 j 0.0338 	 0.9390 	 1.2357 I -0.2143

	

1 	 .
Non-El. Machinery 	 0.7430 j 0.0050 	 .)..',.. '26 	 1.0702 	 1.6947 I 	 0.2340
El. Machimery 	 0.6694 	 0.0420 	 -0.0011 	 1.0760 	 -0.0242 I 	 0.1668
Transp. Equipm. 	 0.0461 j 0.0045 	 0.0136 j 0.9200 	 0.6011 	 -0.3809.A1sc. Product.,.i 	 0.0191 	 0.0406 , 0.1080 . 0.9608 	 2.9144 	 ,0621

*
x = lnL, z = lnK, w = InW
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C: Across Effects Eliminated.

Industry b
XZ

b
wx bwz bzx

bbzw

Tot. Ain. and lian. .2124 -0.1133 0.1040 0.3772 0.1915 -0.3331
Mining and Quar. 0.0029 -0.1452 0.1493 0.0004 0.6551 -0.2554
Food Products 0.2075 -0.1998 0 0602 0.2919 0.0534 -0.3034
Textiles, 0.3364 -0.1944 0.0946 0.4203 0.2304 -0.4036

Clothing 0.1327 -0.1871 0.0134 0.2175 0.0300 -0.4453
Wood Products 	 • 0.1827 0.0142 0.1075 	 I 0.4293 0.5961 -0.2811
Pulp and Paper 0.0404 -0.6340 0.2773 	 , 0.1435 0.2533 -0.2006
Printing 0.1279 -0.123.2 1 -o.0045 	 1 0.3526 -0.0255 -0.2121

Basic Chemicals 0.3224 . -0.0003 0.0274 	 1 0.5039 0.0392 -i-'.3190
Mineral Products 0.3200 0.0339 0.2113 	 1 0.5061 0.7003 -0.3147
Basic Steel 	 • 0.2055 0.1591 0.2053 0.5362 0.6373 -0.1323
Metal Products 0.1831 -0.0417 0.1437 0.3510 0.6256 -0.2930

Non-El. Hach. 0.2390 -0.0083 0.1839 0 .3007 0.8589 -0.412 9
El. Mach. 0.2621 0.1393 0.2622 0.3744 0.3349 -0.3724
Transp. Equipm 0.2834 -0.0661 -0.0051 0.5672 -0.0330 -0.2362
Misc. Products 0.3764 	 , 0.2475 0.2310 0.4516 0.4348 1 -0.4230 1

D: Both Time and Across Effects Eliminated

. , . . . • ..... •.. .. • •W••••.* ...•	 * .*....*■ .... ... .n.., ... • •. • .. . • . • .... . . ___. 	 ...... .. .. ...., .... _ ..
Industry bxz bwx bwz bzx bzw bx,z-x

__________ __ .. 	 ....._____ .........,................. ................................., _____._......._ . 	 .__. ..._ 	 _.	 .
Tot. Min. and Man. 0.2141 -0.1431 -0.0051 0.3520 -0.0120 -0.3333
Mining and Quar. 0 .0476 -0.0029 0.3202 0.1255 0.2033 -0.2584
Food Products 0.1931 -0.2674 -0.1204 0.2624 -0.1450 -0.4093
Textiles 0.3676 -0.1729 -0.0233 0.4204 -0.0334 -0.4449

Clothing 0 .2009 -0.1503 -0.0467 0.2313 -0 .1373 -0.4546
Wood Products 0.2216 i -0. 0438 0.0202 0.3891 0.1851 -0.3039
Pulp and Paper 0.0037 I -0.200 0.0339 0.2903 0.0967 -0.1E26
Printing 0.1244 -0.1275 0.0011 	1 0.3476 0.0074 -0.2105

Basic CheQicals 0 .3233 -0.0662 j -0.0344 0.5169 0.0866 -0.3136
Mineral Products 0.3613 0.0644 0.1406 0.5233 0.6007 -0.3356
Basic Steel 0 .1391 -0.0950 -0.0343 0.3119 -0.2912 -0.2628
Metal Products 0.1339 -0.1575 0.0172 0.2025 0.0856 -0.37 35

Non-El. Mach , 	• 	I 0.2791 -0.0300 0.0661 0.2770 0.4673 -0.5016
El. Mach. 	• 0.1415 -0.0522 0.0362 0.1700 0.0534 -04450
Transp. Equipm. 0.2737 -0. 0844 -0.0160 0.5445 -0.1042 -0.2397
Misc. Products4____ 0.2641 -0.0068 0.0997 0.3642 0.3441 3.3052
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CHAPTER IV.

ON .1 ESTI53	 MUE 	 TlYi.)OT
1. Iltroductios

In econometric studies testiroL of hypotheoes is a valuable statistical

tool to investigate the importance of various ' auses', the validity of models

specified etc. But quite often a fairly high number of tests are carried out,

where frequently later tests are directly or indirectly based on the outcome

of former ones. Particularly this is a common feature of exploratory studies

based on data about which little is known a priori.

The test‘' thus carriec, out are usually partial, that is each testsituation

is treateiseparately. And havin,, carried out such a process of data-snooping

one may in fact wonder what the conclusions finally obtained are worth.

Generally the statistics of the final test(s) may be quite misleading. Thus,

clearly one should rather try to consider the multitude of tests as a whole.

And by deciding a priori what to do under different outcomes of the individual

tests the prospects are better of a proper evaluation of the conclusions obtai-

ned.

There are, however, two basic problems when trying to apply such an

approach. First, the issues subject to investigation may be of wider different

natures. Thus one may be interested in the testing of a varity of hypotheses

that are not all related in	 a way that makes an overall multiple test

procedure applicable. But even	 in such cases something could te done if

ote managed to divide the hypotheses into groups so that multiple test 'pro-

cedures could be applied on each zroup separately.

Multiple testing is a fairly new branch of theoretical statistics and

thus the second basic difficulty one runs into when trying to apply multiple

test methods on particular problems in econometrics is just to find an appro-

priate method for which the properties are known.
1)
	iThis s also a main

'

1) About the litteratuLe cf. Scheff5, H: op.cit., Miller jr. R.G.
"Simultaenous Statistical inference' Mc. Gray Hill Series in Pro-
bability and Statistics, 1966, Gabriel, 'JCR.: "Simultaneous test
procedures - some theory of multiple comparisons". The Annals of
Mathematical Statst-?,c, February 1969. See also Malinvaud, E.:
”Statisticat Methods of Econometrics% North Holland Publ. Co.,
Amsterdam 1966, ch. 7 §3.
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problem in the present context. What we zanage to do is to determine an upper

limit of the level of the overall tests. As will be shown this will be done

in two ways, by slightly different methods of testing.

2. The Testing Scheme.

The basis of our illustration is the two relations of our main model, namely:

(la)	 ln V. = a ln L. + a lu K. + u.it 	 it 	 it 	 It la=1...I)
(t=1...1.)V

(lb) 	 ln H. = b in W. + v.L it 	 it 	 lt

where, for a moment we assume the error terms to be distributed independently,

with no serial correlation, zero means and constant variances.

There are numerous possible errors of specification in this model. To mention

a few of the presumably more important ones:
2)

 L and K may enter in a much more com-

plicated way, that is, the production function is of a more complex nature;

perhaps we should have used gross production as the output measure instead of value

added and with	 materials as an "independent" factor of production alongside

labour and capital; and perhaps also the specification of the error-terms is

wrong. Such questions and related ones could be investigated, but not easily at

the same time. In this context we will consider only one, namely the specification

of the error terms. This is clearly a "partial" analysis as the other doubts we

may have about the validity of la and lb is not subject for discussion or investi-

gation More precisely, we are going to study the assumption made above about the

error means; that they are zero for all units of observation.

In the covariance-analysis of the previous chapter we asserted that the error

means might vary both across establishments and over time. This presumption about

the behaviour of the error means could clearly serve as one-hypotheses when te-

sting the validity of the ones of zero means.

Thus we could have the following test-situation for the production relation3)4)

2) We ignore - the deliberate inconsistencies between la) and lb) pointed out
in Chapter 1.

3) The test-situation for the behaviour relation is clearly the same.

4) The "contents" of the null-hypotheses is that the means are constant. If
these constants are zero or not is trivial provided that we are not par-
ticularly interested in the identification of the intercept.



UT

(2a) Eu. = 	 !
it 

(2b) Eu. = a. +1 	 it 	 t

And assuming the erro -term is normally distributed one can apply an
5 )ordinary F-statistics to test the null-hypothesis. -

In case 1 is rejected, houever, We do not know if it is due to the across'o
or the time component of the mean, or - both. 	 In case we would like to know that,

we should rather carry out two tests, with the null-hypotheses:

(3a)

(3b) H" : Eu. = 	 t=1..o

with (4b) as the common one-4ypothesis.

But in the present case we are interested in an even further investigation of

the nature of any variation of the error mean. In our two-way classification

there is one observation per cell only And the one-hypothesis above implies that
of

each cell may have its flown"erro,r, u.Jean. But if one or both/the null-hypotheses

above are rejected it may quite well be due to a more "constrained" variation

of the error Mean. It could be true ,thatr each of our industries the error

mean varies between subindustries only, while it is constant within sub-indu-

stries. And it could also be true that the variation of the error meanover time

is equal to a tren,...‘

This is the frame within which we will work in the search for the "nature

any variation of the error mean. In Table IV.1 we present 'the various potential

tyres of error mean variation irpiiei b i . this frame, with an explanation of their
-

contents and a notation to L used for then in the following.

In this case the F-statist cs would'
TL, 	 TI,„. 	 .2EEu. - EEu:

F = __,_ 	 -_____ •
ob s

it 	 it 	 (I-I)(T~
Ti A 	 I+T-1
En!

2 
Ait

where û. is the estimated residual for the production function for
'cell" 

it (i,t) under the mill hypothesis and e the estimated residual
itunder the one hypothesis (u! = u. -a.-b ).

it 	 t

H' : Eu 	 = a.
o 	 i



Table IV. 1

List of Types of Error Mean Variation. *
___.....	 ......	 ... .. . . ., .. ... . .. , ...	 .. ..... . .. 	 .. _..	 _ _ 	 ...	 _. _ 	 .r"-----

No. 	 Type of Variation Explanation

Error-Mean may vary between establishments
and shaw an cstrainal variation over years); 

Error-mean nay vary between sub-industries
but is constant within sub-industries, and
it may show an unconstrained variation over
time

-----

Error-mean may vary between establishments,
and any variation over time is constrained
to a trend.

.. 	 _..

Nota -
tion

E and T

J- and T

E and t

EU. 	 a 	 ..f. b
it 	 i 	 t

_...
Eu

it 
= ci -1- b t

= 	 =(c	 a a = 	 =a 	•1 	 1	 • 2 	 — 	 *I.1
..c =a =.=a 	 )+, 	 n

Eu. 	= a. 4. bt-I.

t_3__________ ....

Eu. 	 = b
4 	 it 	 t

___........................................____

No variation of the error mean across
establishments while it may show an un -
constrained variation over time.

.....___.....................__________ 	 .............................__.....................__........

IErrorean may vary between sub-industries
but is constaut within sub-industries, and
any variation over time is constrained to a
trend

......... 	 ...._...............

jand t

... 	 ____....

...

	

'Eli t. 	 =	l	 j
= 	 = 	 =...=...(e 	 a 	 a 	 a1 	 2 	 ni,

..,c =a 	 =.=a

Eu 	 = a. 	 .it 	 1
-----.- 	 — —...___. 	 ...... 	 ..........

Error-mean 'ay vary between establishments
but it shows no Variation over time.
......__________............______.................... 	 ........... 	 __....... 	 ......._.

No variation of the error-mean across
establishments and any variation over
time is constrained to a trend.,...__ 	 . 	 ......_ 	 ...._ 	 _ 	 .......

Eu =bti

	Eu.	 = c. 	 Error-mean may vary between sub-industriesit
(c 	 a 	 a 	

.3 a
	 that is constant within sub-industries, and= 	 = 	 =...= 	 ....1 	 1 	 n1 	 it shows no variation over time

	..c =a =.=a 	 )J n31+1 	 n
	J 	 ____..... .._..........._______ _............. 	 _ 	 .. 	 .--- 	 ------

Eu. 	 No variation of the error mean either
it 	 across establishments or over time.

1=1...I, I is the number of establishments.

j=1...J, J is the number of sub-industries (cf. Appendix

t=1...T, T is the number of years;
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These types of variation" preented in Table IV.1 make an hierarchy with the

more general type (1) on toe  and the less general one, (9) - no variation at

bottom. It is not unique, however. In Pig IV.1 we see that there are five

"levels" in this hierarchy with (1) in the first, (2) and (3) in the second, (4),

	(5) and -) in the third, (7) and (8) in the fourth and 9) 	 fifth.

-* E And T !

j an, 	 lb.E and t 

	o 	 —7

	1 12 	 ana t;
c 	 J and t22  

Fig. IV.1

The Hierarchy of Types of Variation of Error Means.

-ig. IV.1 will serve as a, scheme of testing of the nature of the error

mean's variation. And the strategy of the testing is the following: In the first

round the two altern-, tives at the blevel (b 1 and 2) serve as null-hypotheses

and they are each tested with "a" as the one-hy othesis. If both are rejected

there is evi./;encP of establishment-specific and year-specific differences  in the

error. mean. If eitner b to 	 or both cannot be rejected the testing is con-

tinued, with the c-level types of variation as null-hypotheses. If, 1
rejected but not b 2 , no urther,testing is carried out along the left ma n-b anch

of the hierarchy in Fig IV .1. In that case we 	 b2 .test c21 and F. 2 .2 against

If both are rejected b 2 is the 'optimartype'of er±or-mean variation. If

say c22 is not rejected while c 21 is, we tést 1 7 against c„. If d,4L
rejected e22 is the "optimal" type of error-mean variation. If not a final test

is carried out, e against d 2 .

ing on the rejection or not,- ejection of e by this test.

And either L 2 	e is the 'optimal" type, depend-.
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But clearly if b 1 really is rejected when tested against a it is not likely

that we will come further than to the c-level along the right main branch of the

hierarchy. If we do, we run into problems of interpretation, as 1)1 versus a

and d2 versus e21 concern the same parameters there are also other possibilities

of inconsistencies, as we may get more than one optimal type of error-mean vari-

ation. But such problems we do not run into in this context.
6)

The individual tests are carried out by means of F-statistics. As pointed

out one do not manage to determine an exact level of the overall test.
7)

Instead

we apply two methods of testing for which it is possible to determine upper limits

of the level. The first one implies the use of ordinary F-statistics for each

of the individual tests, and the upper limit of the level is determined as the

sum of the levels of the individual tests.
8)

If the number of individual tests

is high, however, this upper limit is of little interest as it is presumably far

off the "true" 1evel.
9)

In this case we use a level of .5% for the individual

tests and as the potential number of tests is 12 we have an upper limit of the

overall level of 6%.

The secord test procedure is developed by Spjotvoll and is also based on

F-statistics. 10)
 For each of the individual tests we use the t modified" F-statis-

. 11)
tics

n? n?

:A__-a (T-1)(T 1)-F'obs 	n2	 I+T -1
4k

2 	 2
where Q. and Q. are the sums of squares

2
and one-hypothesis respectively and Qk
the type of error meat variation of the

of the residual • under the null-hypothesis

is the sum of squares of the residual for

more general kind, i.e. the one at the top

8)
9)
10)

They are, however, apparent in the next chapter when trying to apply a
related scheme of testing on the nature of technical change. Cf. Section.
V.3. Cf. also Section IV .4.
The overall level of the multiple test is the probability of accepting
a particular one-alternatiNewhen may one of the other alternativs
specified iu the testing scheme is right.
Cf. MAlinvaud. B, opooit.
Cf. Section 4 of this chapter.
SpiOtvoll„ E: "lulti)le Comparison of Regression Functions".
ijaatlisi.........2_,edza22:, 194).

11) a is the number of slope-coefficients, and thus a=2 for the production
relation and a=1 for the behaviour relation.



121

of the hierarchy. Both Q
2
 and the d ?xees of freedom, which are those of the

ordinary F statistics of the tests of 2a) versus 2) 	 comon for all indi-

vidual tests.

Now, if we carry out the same testprocedure as for the first method of testing

but 	 reject each null-hypothesis for wbichF' 	 > Fo'es 	 (l-e),(I+T-1),(I°1)(i-1)--a)
we have an upper limit of the overall test of e. We choose e = 5% to have an

upper limit of the overall level of this test roughly comparable to the one dis-

cussed first.

3. The Results.

The test-procedures sketched above are applied on la) and lb) separately,

and thus we ignore the simultaneous equations problem of the estimation of the

parameters of la). The outcome of the tests is presented by industry in Table

IV.2. And to give an idea of the magnitudes of the F-values computed we present for

for Food Products in Tables IV.3 and 1V.4 the values of the ordinary F-values

(Fob
s
) as compared to the corresponding upper .57 fractiles 

(F0.995)
 as well as

opj0tvolls F-statistics. (F'bs .) In the later case the fractile used for tes-
o

ting is the same (5.) for all individual tests. The industry Food Products is

selected as this is the one with the.hi3hest number of establishments as well as

the highest number of sub-industries.

Fram Table IV.4 we note first that the two metAods of testing yield somewhat

different results. Generally the Spj0tvoll method is rougher towards the time-

components of the error mean, as compared to the ordinary F-statistics method.

This is not so surprising as the former method dees not take care of the highly

varying number of parameters in the individual tests. Thus it does not seem to

suit quite well to the test-situation considered in this section.

According to the results obtained by ordinary F-statistics we have for the

Cobb-Douglas relation that the optimal type of error mean variation is the same

for ail except one of the fifteen industries, namely individual variation across

establishments and a trend variation over time. For Iiineral Products the optieeal

type is individual across-variations.

For the heCNS-relation the results are also the sane for all but two industries,

namely irdiviftal variation across establishments with no variation over tine.

Rather surprisingly the optimal type of error mean variation of the ACKS-relation

for Pulp and Paper is the more general one, while the optimal type of error mean
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variation for Mining and Quarrying	 individual variations across establishments

and a trend over time.

Thus when applying the ordinary F-statistics method the results are Talik52/

for each relation across industries. The difference between the relations is

easily explained by the fact that if the elasticity of substitution is close to
obtained

one, which is just the result 1, by the behaviour relation for most industries,

the neutralshifts over time in the intercept of this relation should not be
12)

significant 0 	on the other hand if there are technical changes of some im-

portance over time, not accounted for by the input measures we should have sig-
13)

nificant shifts over time in the production function. 	 Using the Lp3Otvoll

method these shifts are significant only for the more heavy industries 'lining and

Quarrying, Pulp and Paper Basic Chemicals and Basic Steel together with Food

Products, while this method yields significant shifts over time in the behaviour

relation for no industry. Shifts in the two relations over time aresubject of.

further discussion in the next chapter.

4. Results of a More Complex 'lest.

In the multiple test schemes studied -bove even the more general alternative

(E and T) is quite restrictive, as it presumes that the slope coefficients of

the relations concerned are constant ooth across establishments and over time.

We will in this section consider a'more cotplex multiple test situation where

differences both in error-means and slope-coefficients are involved.

The analysis is carried out for 4ota1 ilining and üanufactu -ring only For
•

a given year we assume that all parameters (error-means included) are constant
.	 •	 14)within each industry, while tie may be different for different industries.

Over time the parameters are allowed to have trends common for all units.
lc)

Thus in the less restrictive case we nate te two relations as:

12) "f. Section V.3.
13) Cf. Section V.2.
14) The across variation is slightly more constrained than this as the

coefficients are assumed to be the same for El. Ilachinery and Non-
Electra liachinery, and for Transport Equipment and fisc Products.
This is done due to certain capacity problems of the program applied
in the computations.

15) Note that we here redefine the error terns so that we get differences
in the intercept instead of differences in error-means. The contents
of the relations are clearly not changed by this reformulation.
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(4a)

(4b)

In V.It = a.+bt4.(a.4-ft)ln L. 	 4-110a 	
i

.1n K. sf-e.j 	 It 	 j 	 t it

V(in 	c. 4- dt 4- (8.4-nt)ln W.4- v.
it 	 it

. I 	 907

j= I ... 13

t = 1 ...

where e. and v. are the "pure" error terms assumed to have zero means, constant,

variances and no serial correlation.

For the production function (4a) is now on the top of the hierarchy of

alternatives, while at the bottom we have the same as the one in the case discus-

sed in the previous section. In this case the number of alternatives is, however,

much higher. As there in (4a) are six 'effects',
16)
 the first round of testing

implies partial tests of six null-hypotheses against the common one-hypothesis

in (4a).

These six alternatives

are in turn one-hypotheses for 15 null-hypotheses. In the third round these

15 are one-hypotheses for 20 null-hypotheses which in turn are one-hypotheses

for 15 null-hypotheses which in turn are one-hypotheses for 6 null-hypotheses

which are one-hypotheses with a common null-hypothesis, namely when all

parameters are constant over the sample. For the ACIIS-relation we have a related

scheme.

It is eitsily shown that the nuzrber of alternatives in a testing scheme like

the present ones is:

ra
(5) 	 E 

(td )

1=0 4*

where 'm is the number of "effects" subject to testing, in this case six for the

Cobb -Douglas'relation and four for the AS relation. Thus we get 64 alternatives

for the former and 16 for the later relation. The number of tests is, however,

substantially higher, as it is given by

16) The across and a time "effect" for each of the intercept, the labour
elasticity and the capital elasticity.



•

•

b.0

(7j

cri

4-1

ez)0P
4

II 
01 I

to

ec-N

r

	e
t
"
`
‘

	
re

N
	

-
, 	

d
."

,
4
4
	

1/40
 
U
1
 
t
 
r
4
 
r
,

N
.
 
u
l
 
C
O
 
,
4
	

v
D
 
0
0
 
C
)
 
,
t
 
0
4
 
,
t
	

tel (7) C
A
 
N
.
 
C\

	C
D
 
v
p
 
c
4

C) 
Q
J
 
C
h
 
C
l
 
C
O
 
,
4
 
,
t
 
C
1
 
C
N
 
0
4
 
C
N
 
0
\
1
 CD 

r
A
 
,
T
 
C
l
 
0
0
 
r
A
 
1
-
4
 
C
4
 
r
,
 
0
1
 
C
4
 
C
S
I
 
U
l
 
C
4
 
.
4
.1" r4

	

,
4
 
(
.
1
1
 CD 

C
.
)
 
C
)
 
O
N
 
(
D
 Ch CD 

C
)
 CD
	C
t

 
C
)
 
O
N
 
CD 	

C
)
 CD CD 

C
N
 CD CD CD CD CD

•
o
 
•
 
o
 
o
 
o
 
O
0
o
o

O
.
o

.
O

Ø
 
0

 
O

 
•

 
•

 
•

 
•

 
*

•
(
)
 
C
;
 
C
)
 
C
)
 
(
-
)
 CD 

C
)
 
C
)
 CD 

r
A
	

C
)
 
C
)
 CD CD 	

r
A
 CD 

L
D
 CD 

r
A
	

r
A
 
C
)

ral	
ap.#
	

%
.01

e-%	
e-%	

es.%	
ess% 	

es%	
ris% 	

ess%	
es.%	

es-, 	
e
."

‘ 	
/

IN
	

e
"
.. 	

0"•.4
•

c
D
 ch 

v
D
 
cl 	

on 
u
l
 te) 0

1
 
C
D
 
C
l
 
0
1
 
C
D
 
v
)
 
0 ,4

 
0
1
 
,
4
 
C
l
 CD CD 

0
4
 
0
4
 
r-1 01

4
L

fl	
)	

v
)
 
•
 
q
7
)
 
0
1
 
r
,
 
0
1
 
k
•
O
 
c
q
 
.
4
:
1
*
 
0
1
 
0
0
 
0
4
	

(
)  
t
 

(7)	
u
l 
0
1
 
I". 0

4
C
9
 
CD 	

CD 
C
q
 
CD CD 

C.7) ,
4
 
C
 
C
l
 
CD 

r
4
 
C
)
 
r
4
 
C.) 0

1
 
C
,
 
1
-
4
 CD 	

CD CD 
0
 

r-.1 C)
O

0
0

0
0

 
*

0
0
 
*
O

•
	

0
.
0
0
-

0
0

 
0

 
0

0
0

0
•
	

0
0

0
,
 

S
.

o
 o

o
c

1
)
	

c.) C
.) C

)
c

 c
) c

r). CT> CD 
0
 
0
.
	

C.> f,L) (
)	

-	
(") C;)

,C1

	

o-%	
ess%	

e^S,-	
des.%	

e-%
U

l 	
C
N
 
r
A
 
0
1
	

0
1
 
L
e
l
 
r
.
4
 
0
1
 
P
,
 
c
o
 cl 

,
t
 
r
,
 
>
4
1
 
U
I
 
C
N
	

r
,
 
,
t
 
0
0
 Ch 

u
l
	

"
1-4	

-4t	
.04, r-f"CC.;Lfl 01	

-1
*
 0
1
 
C
h
 
,T
 
C
M
 

(N
I 1,-

4
 
U
l
 
C
D
 
'
)
 
C
 
z
r
 
C
N
 
0
1
 
N
.

C',1' •
r
,	

u
l c

) v
) C

)
 ch 

C
)
 ch 

c
)
 
v
)
 
CD 

C
:
0
'
 
r
,
 
0
 
0
0
 
C
)
 
0
0
 
CD 

0
0
 C) ON 

C
3
 
0
0
 
c ,

1
	
•
•
•
•
•
•
•
•
•
.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

r
4
	

C
D
 
CD 

(:) CD 
(

.; C) 
C
)
 CD 	

C
)
 C
D
 
C
D
 
O

s 
C
)
 
C
)
 
CD 

C
)
 
C
)
 
C
)
 
C
 
CD CD CD CD.(

-) (
-
)
 
1
:
1
1

1
/

4
.,	

1
/

4
.,	

•

r-4
N.0	

C
q

C11
	

C
D
0

.	
0

c.1)	
'
•
 '
 
C
, ',' . 0

E
%,.../

st4
,4
1	

1	
6,....s, 	

........	
e....,	

/.....	
'
I
.
,
	

0,...4	
0......	

P
.
,
	

,......	
e
N
	

e
N
	

.......,

':
 
1
	

r
.
.
.
1
 
,
.
.
.
T
N
 u
l
 
,
f

. co, %.o .41. 
u
l
 
r,
 
v
D
 
0,4

 
C
)
 cl 

,
f
 
,
f
 CD 

0
 
e
,
 
F
-
4
 
0
0
 
%C.) 0

0
 
c
o
 \ID 

u
l

'
	

I	
I i.-4	

sis o
o
 

.4 t
 
p
,
 
c
l
 
%.1) (..; 0.‘ p

,
 
00 ,,i) 0-, r

,
 
U
l
 
q
)
 
,
T
 
C
N
 
C
h
 
0
1
 

...e. 
C
D
 
C -, ' ,..:D CN 01

§
	

I	
i CO 

4-1 
C
D
 
r
u

-1  
C
4
 
4
-
-
)
 
C
4
 
r
A
 
,
4
 
U
l
 
,
4
 
m
4

,
r
A
 
C

, 1 r-4 C4 r...4 C
M
 
m
A
 
,
4
 
C
4
 ,.4.) 04 CD 

r.-4 cl 
,,.

I
4.2

 
P

.	
°
 
o
	

a
	

o
 
o

 
o

 
o

 
o

 
o
 
o

 
0

 
i
t
O

 
o

 
o

 
s
 
o

 
o

 
•

 
o

 
o

 
a

 
o

 
o

 
*

I
 
P
 
0
)
 
C
)
 
C
D
 
C
D
 
C
D
 
C
D
 
C
D
 
C
D
 
C
D
 
C
)
 
C
)
 
C
"
)
 CD 

C
)
 CD 

(
.) CD C). CD CD CD CD 

C
)
 CD CD 

C71,
t
o
1
 

ri-4	
i 4
-

1	
c)	

g	
•,...,	

I	
1

,,....	
,...„,1

......, 	
...e.-	I
	

,.....,	
,...,/ 	

.....#1
,..., ,	%

.,..,	
‘....#1

, ..."
co 	

i
 

cd 011 	
, 	

.
0
	

i
 
4.4 %.01

..4 	
-,-4 0,4	

.,
s 	

•	
,

Q
ri. ,-

-4
1,	

,----. 	
,.....,	

4,..... 	
"......	

en.%
	

P
.,	

4
,..‘	

e
.1
	

"
...a
	

e
l.N

.	
P

.,t,	
.e.%
	

o
.,.

t.:1 	
cc 

_
1
4
4
	

q
D
 
U
I
 
u
l
 
m
4
 
C
O
 
i's, Ul 00 C

h
 
C
e
l
 
r
,
 C
O
 
C
M
 
,I° 01 •,ls 01 ul 

C
n
 
cl Ir, 

0
,4 r.4 

c) ‘17) 04
C) ouf 

o
 
0
3
 
ch 

C
4
 
0
0
 
1
-
4
 
.
.
f
 C
l
 
C
h
 
C
4
 
O
D
 
C
4
 
CD. ,

A
 
0
-)
 
0
4
 C
O
 
,
4
 
r
4
 
0
,4
 
r
,
 
0
1
 
C
l
 
C
4
 
U
1
 
C
q
 
,t
 

,--4
ti-

a.	
r4
	r
"
-
I
 
C
A
 
0
,
 
O
D
 
C
)
 
C
N
 CD 

‹)N CD CD CD 
G
N
 
,TD:c) c) cN c) ,--4 

C
)
 
C
)
 CD Ch CD 

C.). 
C- )
 CD 

C:',
O

4
4
 
c
e
:
 
•
(
.
0
	

•
 
,
•
•
•
'
,
 
o
 
•
	

•
	
•
 
o
	

o	
•
 
0
	

o	
o	

o	
o	

•	
o	

o
 
o
 
o
	

•
 
4
.
 
o
	

0
C
D
 
(
4
 
m
s
4
 c

i
 CD 

C.7_, CD 
C
:
 CD 

0
 
CD CD 

r
A
 C
D
 
C
D
 

:":„D r
A
 
C
,
 CD CD 

,
4
 
C
D
 
r
A
 CD 

C
)
 
C
,
 
,
4
 
C
7
,
 
r
A
 
0

cs, 	
9

, r.- 1	ril	
,....- 	

.....-	
......,	

,...,/ 	
,......	

.,:,....., , 	
,......, 	

,...., 	
....,	

.....,	
,.......	

.....,	
,....,

o,-,....	
- 

6

C
....̀	

r
-
4
 
0
	

,.....	
.;"",	

e...%
	

...".,	
.e.-■
	

e.**, 	
......	

.......	
.."

..	
,"

..,	
"
"
..,	

,......	
.......

•
t
4
	

1.743 cl 	
r
4
 
0
1
 
1
/
4
0
 

C7,:, ch 
L
i
l
 
o
l
 
q
)
 
0
1
 
,
f
 
u
l
 
0
)
 
0
0
 
,
.
.
4
 
0
1
 CD 

v
0
 ON cl 

‘,0 C
l
 
r
-
4
 
C
,
 
C
q
 
C
q
 
C
q
 
0
1

i
4
	

i 444 e
t
 
ul ,t ‘40 ,.4 

,..,) ,T t.1-)
 
v
l
 
r
,
 
0
1
 
u
l
 
0
4
 
.
4

. 0
1
 ON 

0
4
 ch 

-2t r, .1- C) -4:1- 
u
l
 
cl 

r,
 
0
4

L
	I
 
0

 
4
.

1
C
1
 
C
)
 
0
1

r
 cl CD CD 

C) r.-4 CD 
0■.1 CD 

,4 (7', 
r
A
 
CD 

0,1
 CD 

r
4
 
c
D
 
r
-
4
 
C
)
 CD C) 

,--4 CD

1 	
•

,.4
	

•
"
•

•
•

'
	

■■
•

•
•

•
•

•
•
	

•,
,
•

•
.
•

•
•

•
•

•
•

•
•

•
•

e
	

•

CD' C
"
)
 
C
,
 CI CD CD 

C) C.7.) CD CD CD CD 
C
)
 CD CD 

C
)
 CD CD CD CD 

(.., CD 
C
)
 
C
)
 
C
)
 
C
)

O
t.i'
	

•	1
 
,
4
	

mi 	
-......	

%*
	

'1/4,.."	
1/4,..,	

1
/

4
., 1

/
4

., 1
/

4
..0

"
	

N
.,	

1/4.0, 	
1/4...,	

....,

1
 rx

il	
C

.)	
..

:	
.

Q
	

.1	„
	

....--.
ii--.	

ts,N 	
ix.4 	

0
4
	

e
l

,
4

)
'.:.1 	

......i. 	
0

ti	
F.=	

0
	

0
 :

' 0
	

.,
E'l 	

'c'	
r-1
	

C
D

 '	
C
)o

ga4	
4.)	

C
.) • o

'	
N.,./

,..,

•
	P

.
%

	

•
	

0«
"N
	

,"'"‘
0
.
1
 
c
m
,
u
1
	

V
D
 CD te 

0
4
 
C
N
 
N
. cl 

.41. VO te CD▪ -4
t %.,0 Ch Lr▪ ! ,t 	

q
)
 
0
1
 
c
D

,
4
	C
T
 
f
'
 
•
 
C
N
 
0
1
 
C
N
 
o
l
 CD 

0
1
 
0
4
 
0
1
 
r
,
 
0
1
 
0
1
 
,
1
"
 C
O
 
..zr vn, -4" rA 01 CI1 C

l
CD CD CD CD CD CD 

r
A
 CD CD CD 

C
)
 (D 

r
i
-
C
D
 CD CD 

CD (D CD CD 
,
A
 CD 

0
.
4
 
C
)
 CD CD

.
0
 
G
.
	

.
.
.
•
	

•
 
•
 
•
 
•
	

0
.
 
•
 
•
 
•
 
•
 
•
 
•
 
.
 
•
 
•

CD 
C
D
,
C
)
 
C
)
	

CD C) CD CD 
C
)
	

Cr..). CD CD CD CD CD CD CD 
C
)
 CD CD' C

D
	"

	
f	

f	
f
 N

.
"
 I

	,
	

.
,

	

eg•»,	
/a.%	

e
•% 	

ess% 	
es.% 	

eiss% 	
es-% 	

es,
0
1
 
C
D
 
U
l
 
C
h
 
0
1
 
0
1
 
C
7
N
 
0
1
 
U
l
 
r
4
 
C
N
	

0
1  
N
.
	U
l
 
z
r
 
,
4

	1
/
4
0
 

C
4
 
r
A
 
C
D
 
ti) C4 ,T m-4  

j
	

L
A

 
,- .7,1* CM (Ni 

r
4 fl C'

v
D
 
0
4

	

k
)
 
(D 

C
N
 CD 

C
N
 CD	

c
3
 
CD 

r, CD 
0
3
 
CD 

C
O CD 

0
0

•
•
 
•
	

•	
•	

•	
0
	O
	

*
	

*
 
.
0
	

•
 
0

 
IR
	

ce)
C
3
 
C
)
 
(
7
.
)
 CD CD 

(•-.) CD 
C
)
 CD CD 

C
3
 CD CD

C
)

.
0
 
CD CD CD 

C
1
 CD CD CD CD CD CD CD
	

O
N

	

%..we	
•

(\I•

C.)
4

,4

,t CN C'N .4.1*
,
t
 
C
N
 
0
1
 
r
o
4
 
'
 
•

C
)
 ch 

C
)
 
0
0
 
C
)

'1/4,
,
	

•
'

•

P
..%
	

4
,1

	L
n
 

(
4 ▪ 04,

•
 
r
-
1
 
N
.
	

"IN
,:./
• * 00 "	

V
N
.
 
0
1
 C
h
 
C
h
 

rs
,	v
'

CD 
r
4
 
Z
D
 
r
,
 
C
4
 
1
-
4
 
m
4
 
U
l
 
,
4
 
C
4
 

. 1--4 C
l
 
-
1
 
0
1

O
0	

•
0
0
0
0
0
0
0
0
0
.

o
(
:
)
 
0
4
	

C: 	
,
)
 
C
),  CD 

(
)
 
CD 

(:).
g

f
 

8.„,"

e
s
 

	e
r
.
S

.
	

"
IN

0▪ 1	
(7% ,

4
	

V) Li) c
)  
D
 
u
l

1/4 0
 
0
4
 
C
h
 
r
%
 
0
1
 
.
4
t
C
 ZIN 

v,D O
N
 
c
l
 
n
4

1-4 C
h
 
r
A
 
r
4
 Ci 

%
4
D
 
0
4
 
r
)
	

rs4.
•
•
•
•
 
•
 
•
*
.
 
•
•
•

C
)
	

C
:
 CD -D

C
 
CD 

C
)
 
r

.) Q
 
:)

...o.- I 	
%si."	j

'

*



Transp. Equipm.
Misc. Products

128 -

m-1
(6) 	 E	 (ra-

-1=0

which gives 192 • tests for the Cobb-Douglas relation and .32 for the ACMS relation,

Thus even with a level of 0.001 for the individual tests the upper limit of the

level of the :overall test when using the ordinary F-statistics method becomes

quite high, at least for the former relation.

Table IV. 6

Results for the ACMS relation for the "optimal combination" of

variation of the coefficients.

Industry

Mining and Quarrying

Food Products (Base)

Textiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Mineral Products

Basic Steel Prod.

Metal Prodücts

Non. El. Machinery
El. Machinery

Intercept 	 • 1n14

0.058 	 0.989
(0.348) 	 (0.157)

1.114
0,624 (0.033)

	

-0.143 	 1.082
(0.200) 	 (0.105)

0.166 	 0.870
(0:163) 	 (0.085)

	

-1.029 	 1.433
(0.246 	 (0.122)

0.454 	 0.798
(0.115) 	 (0.045)

0.003 	 0.885
(0.190) 	 (0.089)

0.179 	 1.047
(0.126) 	 (0.052)

-1.533 	 1.790
(0.265) 	 (0.124)

0.350 	 0.906
(0.254) 	 (0.110)

0.515 	 0.714,
(0.220) 	 (0.104)

-0.020 	 0.957
(0.173 	 (0.077)

-0.024 	 0.885
(0.140) 	 (0.062)

R = 0.603, MSE = 0.2122
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For the Spj0tvoll method we ctr however, as p:eviously determine the level

independent of the number of teses and also in this case we use 5%.

Carrying out the multiple test by the two methods we run into a 'dual optimum"

problem for the Cobb-Douglas relation; the same one for bcth methods. Both

optimums imply industry-specific intercept ,; and factor-elasticities, but whi'e

one implies a trend in the capital elasticity the other implies a tread in the

intercept. Our testing procedures do not allow us to choose between these op-

timums. But we note fram Table 1V05 that the former optimum yield slightly better

fit. Thus if anything that one is more "optimal" than the later one.
17) 

We also

note fram Table IV.5 that the two optimums yield approximately the same result

concerning the factor-	
13)

and scale-elasticities.	 Thus also in this respect the

two optimums are almost perfect substitutes.

For the ACAS relation we get, however, a unique optimum. And also in this

case the result is the same for the two methods. It implies that there are dif-

ferences across industries both as concerns the intercept and the elasticity of
(cf. Table IV.6)

substitution,while no trends are prese,it Thus this finding supports the results

of the previous section suggesting that the error mean generally varies along the

across-dimension only. In addition this optimum suggest that there is no trend

in the elasticity of substitution over time, at least not when imposing the same

trend coefficient for all industries as done here.

5. Concluding Remarks.

The intension with this chapter on the application of multiple tests is to

show how this statistical tool can be used to analysa the nature of possible

differences in parameters of structural relations alone certain dimensions of

a sample. As an illustration simple production and behaviour relations are used

with combined cross section time-series data as the empirical base.

17) Cf. Section V.3.
18) To make the resur,:s of the to alternatives comparable we have, in the

case of a trend in_the capital-elasticity to compute the estimates for
the average of t, t which is 63 in the computations.
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But neither of the methods applied are quite satisfactory. The one based on

ordinary F-statistics yields an upper limit of theoverall test that is completely

uninteresting in the case the number of alternatives is high. This is confirmed

by formulas (5) and (6). By the other one we are in cases with a high number of

alternatives at least, able to determine a less conservative level of the test.

But on the other hand
it
ihas a basic weakness as it does not suite quite well in

situations where the number of parameters under test is much different in the

different parts of the testing scheme.

But even if the methods applied are not quite satisfactory we have dared to

present some illustrations of the application of multiple tests in econometrics.

And in the next chapter we have same fùrther examples of applications, related

to the ones presented in the present chapter.



131

c;7apt er D%

ON THE ESTIM4TIO1 7 OF TECHNICAL CHANGE

SOMrz, PROBIAS OP LETHOD AND MEASMEMEAT.

A1. • Iltroducwion*

As should be fairly evident fron the discusson in the previous

chapters the present empirical base is not particularly well suited for

discussion of the importance and nature of technical change and related

topics. In addition to the general weaknesses such as more or less random

errors of measurement and heteropenous production units etc., there are

four of particular relevance in this context. 1. The timedimension is

"too short" to nake an investigation of technico l change by means of

pure time series data possible. Thc price data applied have some

apparent weaknesses that may affec ., quite strongly the conclusions Obtained,

particularly of the degree of technical progress. 3. We have applied a

common, and constant depreciation ratio for capital for all industries, ançl.

thus do not allow for differences due ts the capital mix or the"recentness"

of the capital stock. 4. We have no measure of the degree of utilization

of the capital stock.

But provided that we don't forget these weak-esses, I think we can

throw at least some light on certain aspects of technical change in

Norwegian Mining and Manufacturing by means of the present empirical, base.

In addition well also try to figure out now and to what extent the data

problems mentioned may have affecte c: the results obtained.

The basic relation of all studies of technical change is explicitly

or implicitly the production function,and technical change is usually
1)

defined in the PolloWing way. Having the production function:

= f( Xt 	 t 't'

where Y i ontput andX1 ... X
n 

are inputs and the index t denotes period

1) A good review of the theory of technical change and its application is:
M. Brown: 'On the Theorz_pand  Measu:eelnent of Technoloaj_cal CharIEZ.
Cambridge University Press 197o Another famous and very stimulating study
is W.E.G. Salter: "Prodnetivitien Technical Change", Cambridge University
Press 1966 (Second ,cL) Â7irvey Ç hat - gre-si contains a number of
confusing errors) of econometric studies is: L.B. Lave: Techn2l2Ej.cal
ChanGe_: Its Conception and Measurement, Prentice Hall, N.J. 1966. A recent
econometric study that considers a number of different specifications of
the nature of technical change is: M.J. Beckmann and R. Sato: "Aggregate
Production Functions and Types of Technical Change: A Statistical Analysis".
The Amer;cen -P:conomic Rev 4Lev 14 ,1 - h 1969. Cf. also "The Residual 	 Factor
and Economic Growtt?', OECD-Report, Paris 1964.
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of time, technical change is identified as shifts in the function

over time in opposition to movements aloria the production function due to

changes in the factors of production. Thus the nature of technical progress

can be identified with the way in which "ft" shifts. 2) At this stage

three main problems have to be dealt with. First, what is the proper speci-

fication of "f", second how should the output and the inputs be measured

and third given a certain functional form of the production relation, what

is the proper way of estimating the parameters.

We have in the previous chapters applied the Cobb Douglas relation

and partly also the CES relation. This will be done in this context also

But this choice precludes a number of possible types of technical change.

On the other hand, the prospects of analysing more complex types of

technical change by means of the present empirical base are equally poor as

for the analysis of more complex types of production functions. Instead

we use various "types" of Cobb Douglas and CES-relations to investigate the

nature of technical change.

The question of proper estimation of the parameters of a Cobb

Douglas relation is dealt with in Chapter III and in the next section we

try to figure out the effects of ir2proper parameter estimation on the

estimate of the shift in the production function as well as on the estiinates

of the contributions to growth from labour and capital.

In these calculations we use the measures of output, labour

and capital as defined in Chapter II.

There is a particular problem connected to the use of combined

cross-section time seres data for the study of technical change, namely

concerning aggregation over the across-dimension. Using individual estab-

lishmjiRtagtEgal es aLther type of aggregation than when using purerela ions

time-series data available for the different industries in that kind of

relations. 	 In the second part of the next section we consider how

the results obtained using the two methods of aggregation conform.

2) Cf. M.J. Beckmann and R. 	 o: op.cit.



we have that the relative growth in

(3)
Li

output is deteruined as;
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In the third section of this chapter various approaches are explored

to determine the nature of technical change. Wc are 'narticularly interested

in the neutrality/non-neu . rality aspect. First Te try a CES relation with

factor-auGmenting technical change for this put)cse. Second we apply a

Cobb Douglas production function with a generalized trend allowing non

neutral shifts, and third we explore the enbodyMent hypothesis by means of

a rather rough ad hoc method. in this section we 'aave also some computations

where materials emder more explicitly into the production function and we

present finally some computations in an attempt . to ' lexplain" the differences

in degree of technical change between establishments. In an appendix to .

this chapter we present the results of some tentative calculations carried

out in an investigation of two issues; namely th- relevance of transitory

variations in derand and costs of change.

2. Sepa a ing Movements along, from S7ifts in - the Production Function

a. The Effect of Biased :;s *nation of Factor Elast-icities.

Accepting the conventiol 	 value added robb Douglas relation;

T Tr'5
to

where the dots as usual denot ,. ertiai derivatIves of the variables with

respect to time. This relation is more conveniently written as

4)V L.7, y 4. alt +t 	 t 

where a]..t. and t,ikt are trie contributions,to growth in output from labour

dnd capitl resDectively. Toter tiey account or the movements along

the production function whiler residual - represents he shift in

the production function.

When trying to calculate ,,nese three components of growth and thus

also to separate the shifts in from movements along the production function

we evidently face two basic problams: What is the proper method of estima

tion of the parameters of the production function (in this case the factor
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elasticities) and what is the proper way of measuring output and the factors
3 )

of production.

To analyse the effects of biased estimation of parameters and

growth rates of factor inputs we write the contributions to growth of
4)

labour and capital in the following way:

5 a) al = •a 1 = al
t 	 a(1* - i) + (a* - a)1 	

(a* - a)(1K - 1 )t 	 t
M

5 b 	 =
t + 	 k ) 4- (e - 6)k

t + 	 - 0(k* - kt )t 

Consequently we get the estimated contribution to growth from "other

factors", or the shift in the production function as

6 a) 	 ')tit = yt - Cssx(13tt 	lt ) + (OE 	 a)lt + (a* - a)(4 	 + (3* (k* - k)t 	 t

+ 	 i3)4 + 	 .. 	 kb)] 4- (v N - V
t

)

or

6 b 	 y
t
= 	 (2(1* - al ) 	 (A* - 8kt ) 4- (v

t
N v)

On

t 	 t

On the right side of the second equation of 5 a) the first term

is the "true" contribution to growth of labour input, the second term is

the bias of the estimate due to biased growth rate estimation of labour

input, the third is the bias due to biased estimation of the labour

elasticity and the fourth is the "cross"-effect of biased growth rate-

and labour elasticity estimation, a term that is zero if any one of the

former two biases is zero. 	 The interpretation of 5 b) for capital is

generally
3) The later one is not tindependent of the first as what is "proper estimation

depends on (among other things) what are the meidsures
applied.. (Cf. Chapter III). Thus the 	 measures may have two
effects on the estimated *contributions to growth; one direct via v 4 , 1, and

kt and one indirect via the impact on the estimates of the factor elasticities.

4) For a related discussion of this topic see Zvi Griliches, "Production
Functions in Manufacturing. Some Preliminary Results". In M. Brown (ed.)
"The Theory and Em ilical Anal sis of Production". NBERA ifsin
Income and Wealth No. 31, N.Y. 19. 7



similar. (6) tells us that the net effect of these biases has to appear
O 	5) 6)

in the estimate on the shift in the prdductícn function.

In Chapter Iii we discussed the problem of consistent estimation of

factor-elasticities. It was shown that the ordinary least squaré method

yields highly inconsistent estii&Ges on the factor elasticitie, 'while a

mixed method with factor-share estinit5on of the labour elasticity and a

certain instrumental variable method for the estimation of the capital

elasticity yields "more consisteneem tes. Well now consider the

results as concerns estimate ,' contributions to growth implied by these two

methods of estimation.

The calculations are based on data for the period 1959-1967 as a

whole so that all growth r teS (and thus also the various "contributions')

are averages per year. By applying the OTS-method on the Cobb-Douglas

relation with a "trend" we get the average percentage shift per year in the

production function directly. For the Klein/Wald method the factor-elastici-

ties and the average shift cannot easily be estimated 'simultaneously.

Instead ue accept the estimates of the factor elasticities as previously

obtained and estimate th- trend from the estimated residual error

the production function. 7)8)

when applying the OLS-method we get a residual trend, or an average

annual shift in the -1.0duction function of about 	 for Total Mining and

Manufacturing and this estimated shift is highly significant judged by a

conventional t-test at 5% level. As t'ne average annual growth in value

added for the period under consideration is about 4.8% we must conclude that

according to the 0LS-results 9 shifts in the production function account for
 	 ,

(6) does also show the e.,fect ou the estimated shift of biased growth
rate estim'ation of output.

6) Of Do‘Jorgel•Isoll and Z. Gri-i:ches: "The -Lxplanatior. of Productivity
Cilan-6e'!. axe Review 6f.Econamic Studies 1967 .

Î) That is, we estin'
f‘,	 -

Y bY means of the OLS-method on In V -c ln L
(k, 	 e\, 	 rk,a In K = a + yt u wlere c and are the Klein/7,iald estimates on the

labour and capital elasticities respectively.

8) This non-symmetric estimation of the trend of the, two methods may have
some impact on the outcome of the comparison of the two methods' results
concerning estimated contributions to growth. 'Comparing the results of
Table V.I for the factor-elasticities when the OLS method is applied
with the corresponding results of Table III.1 we find that including a
trend the estimate on the capital elasticity becomes generally somewhat
lower. But it seems to be quite unimportant for other than a few
industries such as Mining and Quarrying, Pulp and Paper and Non-El.
Machinery. But for these industries at least  the estimated "biases"
presented later in Table V.2 are presumably too large.

values of
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more than TO% of total growth in output. 9)

For 13 of the individual industries the residual trend is positive

and significant, while it is positive but not significant in one case, for
10)11)

Mineral Products. And it is significantly negative for one, for Printing.

Apart from the two later industries the residual trend varies from about

9.7% for Misc. Products to about 1.8% for Transport Equipment It is also

quite high for the three more heavy industries Pulp and Paper, Basic Chemi-

cals and Basic Steel. It is also rather high for Mining and Quarrying and

Food Products,

Fram Table V.2 we learn that there are six industries with a decrease

in labour input over the period considered. For three of these the residual

trend is greater than the growth rate of output, namely for Mining and

Quarrying, Clothing and Pulp and Paper 12). 	For Basic Chemicals which is

also among those with a drop in labour input over time almost all of the

growth in output is accounted for by the residual trend. In fact, only for

one industry movements along the production function can explain more than

half of the growth in output, namely Transport Equipment for which shifts

9) The growth rates are calculated as b from the relation x. t=a b t 4- .ult
(x = v,l,k). But as shown in footnae 2 of Appendix , II.81 	x
we get the same growth rates whethTr we use the relatioy above or
R• = a-t-bt+ at where	 1	 and -	 1

X 	R -	 E xt	 i=1 it	 --f 	 ui.t 
10) Note that the results are based on individual establishments data, and

not on means per year (cf. footnote 9) above). Therefore the estimated
standard deviation of ý contains also variation of the growth-rates
between establishment, while when using geometric Lae-alas it expresses the
variation of the growth-rate over time only. And as y is the same
whether individual data or means are applied the t values and therefore
probably also the degree of significance will be substantially higher
when the later kind of data are applied. To be sure, it should be added
that these two t values are not "contradictory", they simply concern
different kinds of hypotheses. The first concerns a common shift for
all establishments for all years while the latter concerns a common
average per est'ablishment-shift for all years.

11) This rather puzzling result for Printing is presumably caused by an over-
estimation of the output price growth over time by the official price
index for this industry. Cf. Appendix 11.5

A
12) For Printing	 yiv is also above one. But as both v and ,t

A

 are
negative this implies that the total effect on the growth in output of
labour and capital is positive, as is also seen fram columns 4 and 5
of Table V.2.
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TABLE V.1

Results for the Relation ln  V = 	 + aln L + Inn K + yt with the OLS - and the Klein!

Wald/OLS - Methods of Estimation

Industry OLS  Klein/Wald/OLS x       

Food Products

Textiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Mineral Products

Basic Steel

'Metal Products

Non.E1,Mach.

El.Mach

Transp,Equipm.

Misc.prod.

0.730

(0.008)

0.756

(O.O51)

0,531

(0.026)

0.669

(0.0 )42)

0.924

(0.032)

0.910

(0.0 )4 4)

0.67)4

(0.029)

0.893

(0.030)

0.799

(u .038)

0.797

(0.051)

0.896

(0,053)

0.823

(0.036)

1.080

(0.044)

0.916

(0.053)

0.980

(0.022)

0.555

(0.067)

0.263

(0.007)

0.242

(0.0)40)

0.353

(0.025)

0.278

(0.03 )4 )

0.070

(0.02 )4 )

0.180

(0.038)

0.238

(0.022)

0.147

(0.023)

0.183

(0.036)

0.314

(0.039)

0.173

(0.037)

0.105

(0.03)4)

-0.001

(0.020)

0.100

(0,0)42)

0,089

(0.021)

0.358

(0.05)4)

0.03511

(0.00225)

0.04762

(0.01081)

0,05564

0.00660

0.02060

(0 .00670)

0.01935

(0.00583)

0.02122

(0.01029)

0.06018

(0.00502)

-0.01833

(0,00560)

0.06417

(0.01052)

0.01416

(0.00982)

0.05283

(0.00861)

0.02960

(0.00689)

0.02991

(0.00789)

0,03885

(0.01075)

0,017b7

(0.00531)

0.09661

(0,02136)

MSE

0.272

0.173

0.425

0.153

0.134

0.283

0.147

0.119

0.477

0.204

0.183

0.166

0.132

0.233

0.147

0.350

0.6u3

(0.003)

0.569

(0.017)

0.525

(0.009)

0.571

(0.010

0.600

(0 .008)

0.729

(0.019)

0.557

(0.00Y)

0.705

(0.009)

0.496

(0.013)

0.556

(0.013)

0.512

(0.012)

0.620

(0.011)

0.641

(0.003)

0.643

(0.015)

0.772

(0,011)

0.614

(0.034)

0.433

(0.004)

0.389

(0.013)

0.420

(0.013)

0.380

(0.016)

0.453

(0.021)

0.418

(0.019)

0.367

(0.011)

0,336

(0.012)

0.527

(0.017)

0.520

(0.015)

0.543

(0.017)

0.335

(0.016)

0.393

(0.016)

0.464

(0.023)

0.304

(0.0o8)

0.509

(0.0 )42)

0.03036

(0.00233) 0.294

0.03864

(0 .01051) 0.182

0.05360

(0.00661) 0.430

0.01770

(0.00667) 0.155

0.00826

0.00690 0.191

0.01385

(0.01076) 0.312

0.05403

(0.00 )498) 0.153

-0.01955

(0.00593) 0.133

0.05875

0.01120 0,541

0.00702

(0.01011) 0.221

0.04009

(0.00609) 0.237

0.02151

0.00706) 0.180

0.01282

(0.00893) 0.177

0.02810

(0.01219) 0.303

0.01645

(0.00565) 0.166

0.09561

(0.02109) 0.357

Y
	

MSE 

Tot.Min. and Man.

Mining and Quar.

x) 
Œ is estimated by the factor-share method, Ø by the size-dummies instrumental

variable method,and y is estimated by applying the OLS method on the residual:
rx,

mV -amn L	 K = a + yt + u'
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in the production function account for 3%

- 	 These are the main findins concerning shifte, In and movements along

the production function when the 0.1,-method is applied. Turning now to the

Klein/Wald/OLS method of estimation we know that the results must be somewhat

different. We showed in Chapter III that compared to the OLS-method the

Klein/Wald/OLS method yielded smaller estimates on the labour elasticity and
14)

bigger- estimates on the capital elasticity. 	This must necessarily .74ead

to a general lower shift as for all industries except one capital has grown

faster than labour (which as pointed out has shown - drop for six industries).

We note, however, from ;,he results of the Klein/Wald/OLS method

presented in Table V.1 that for most industries the reduction of the estimated

shift is not very iLupressive. For Total Mininr, and Manufacturing the trend

is 3% per year as compared to 3.5% according to the OLS method. Still, the

shift in the production function account., for al::.:ost two thirds, or about

63% of the growth in output. But for . a few individual. industries there are

some quite notable differences compared to the results yielded by the OLS

method. 15)
For Non Plectric-1 Machinery the contribution to growth from

"shifts" drops from 88/, to 38%. For Clothing the .corresponding percentages

are 137 and 58. The drop is also substantial for Mineral Products. On the
the differences are.

other hand, 	 ratner unimportant for Food Products, Textiles, Basic

Chemicals, Transport Equipment and Misc. Products. But even if the drop..in

the estimated shift is quite low or modrate for most industries there are now,

at least, seven industries for which movements along the production function

account for more than half of the growth in output.

13) But this "low" contribution of technical change is, however, quite likely
a result of . that the 'output price growth ,is p$,rstated, and consequently
that the growth in output is understated. Cf. Appendix 11.2 and
Appendix 11.5

14) There s also ,another differenc e . as the mixed method yields a higher
estimate on the scale-elasticity .. But we lave not separated the -diffe:-
ronce due to different levels ol tre scale elasti,city from thediff,,rence
due to a pure twist in the factor-elasticity estimates. As we are
primarily interested in the total contribution to growth in output from
each of labour and capital, we do not compute their contribution provided
constant returns to sale with the effect of degree of returnsto -cale
as separate component.

15) According to the con-zentional t-test at 5% level we have now that the
shift is significantly positive for 10 industries, and positive but not
significant for 4. These later Lie, in addition to Mineral Products;
Clothing, Wood Products and Non, El. Machiner: The shift is still
negative for Printing.
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If we believe in the later set of estimates as a consistent one

we get the OLS biases in the estimated contributions to growth of labour

and capital as (a 	 (1")1 and 	 'ink. They are presented in columns 12

and 13 of Table V.2. As the growth in labour input has been quite low, the

bias in the estimated contribution to growth due to inconsistent estimation

of the labour elasticity is also fairly law for most industries. It is

more important for the two industries Basic Steel and Electrical Machinery

which rank third and second respectively as concerns growth in labour

input. 16)

The bias due to inconsistent estimation of the capital elasticity

is generally much more important. This is particularly the case for the

industry groups 34-37, or the industries Basic Steel, Metal Products, El-

and Non-El. Machinery. 17) Thus, evidently, consistent estimation of the

factor elasticities is of decisive importance for correct evaluation of the

contributions to growth of labour and capital. It is in our case somewhat

less important for the problem of separation of shifts in- from movements

along the production function.

b. A Problem of Aggregation.

The waY the calculations of

the previous section are carried out implies a particular type of

aggregates, namely geometric means. Thus the implied aggregate production

function is:

(7)
	

= a 4- chin L
t 	

ln Kt yt

.1
where ln X	 E In Xlt.	 (X = V L K)

	

t 	 I 	 'i=1
•

And therefore the aggregate growth rates applied by us are also

the growth rates of the aggregates in (7). Thus these growth rates are

unweighted means of the individual growth 'rates, as the growth rate of

X 	 x is equal to -- E X. . 	•t , t 	 I i=1 it

16) The industry that rank highest, Misc. Products, has a negative bias due
to the fact that the "consistent" method of estimation leads to a
bigger estimate on the labour elasticity than the OLS-method.

17)But at least for Non-El. Machinery this bias may be "overestimated" due
to the non-symmetrical estimation of the residual trend. Cf. footnote
8) above.
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In this section we will investigate what happens if we instead use

the same method of aggregation as used to obtain the numbers published for

output,labour and capital etc. by Industry in for inst,ance the Annual

Industrial Production Statistics. These aggregates are arithmetic sums,

and differentiating these with respect to time yiel s:

X. x.
—1 it

7 X.• - it
1=1

Thus the growth rates of these arithmetic sums are weighted averages

of the individual growth rates. If there is a positive correlation between

Xit and its growth rate x.it our unweieated growth-rate x, understates the

total growth of X of a sector judged by the weighted index x'. And clearly
t

the opposite is true if X. and: 	 are 
negatively correlated.

	

it 	 it

This method of aggregation does also have some effects on the price

index for output. Measuring aggregate real output as Vt = .E Vit and
1=1

having correspondingly output in current prices as

R 	 RV = E V. we have an aggregate price index that, to be consistent1.1 it

V*
must be equal to P = 	 which corresponds to using a Paasche priceVt 	 9

19)index formula.

The separation of the price and quantity components when using

weighted indQes is the same for gross production and materials as for value

added. To figure out the price movements of gross production and materials

for the different sectors in Mining and Manufacturing the weighted price
20)

-

indices and their trends are presented in Table V.3. 	 And in Table VO4

the weighted index of value added in constant prices and the corresponding

18) In Appendix V.2 correlation coefficients b
and their trends are presented.

19) This is evident also because the computation of V t corresponds to
using the 1,speyre Quantity index.

20)
The price indices of gross production and • 	 materials for Mining and
Manufacturing are 114 and 110 respectively in 1967 according to the
National Accounts aggregates. Thus they are somewhat higher than those
computed by us for Total Mining and Manufacturing,

tween In V., ln L., in X.
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TABLE V.5

Trends of A re ates for Value Added Labour and Ca ital and Contributions to

Growth from Labour, Capital and "Shifts". 

Tot. Min. and Man.

Min. and Quarr.

Food Products

Textiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Mineral Prod.

Basic Steel

Metal Prod.

NonEl.Mach.

El. Mach.

Transp. Equipm.

Misc. Products

	5.33	 0.70 	 3.50 	 0.42 	 1.52 	 3.39 	 63.6

	

(0.21) 	 (0.15) 	 (0.41)

	

5.11	 -1.50	 2.78 	 -0.85 	 1.08 	 4.88 	 95.5

	

(0.38) 	 (0.38) 	 (0.59)

	

6.39 	 0.93 	 3.77 	 o.49 	 1.58 	 4.32 	 67.6

	

(0.78) 	 (o.47) 	 (o.o4)

	

1.88 	 -0.50 	 1.98 	 -0 .29 	0 .75 	 1.42 	 75.5

	

(o.46) 	 (0.55) 	 (0.71)

	

2.31 	 -0.63 	 0.93 	 - 0 .38 	 0.42 	 2.27 	 98.3
(o.41) 	 (0.32) 	 (0.33)

	

7.57 	 1.69 	 6.68 	 1.23 	 2.79 	 3.55 	 46.9

	

(1.19) 	 (0.1 )4 ) 	 (0.81)

	

4.54 	 -1.60 	 3.42 	 -0.89 	 1.26 	 4.17 	 91.8

	

(o.84) 	 (0.39) 	 (0.84)

	

- 0 .53 	0 .77 	 3.31 	 0.54 	 1.11 -2.18
(o.64) 	 (o.46) 	 (0.68)

	

7.16 	 0.53 	 -1.10 	 0 .26 	 -o.58 	 7.48 	 104.5
( 0 .57) 	 ( 0 .23) 	 (0.28)

	

6.46 	0 .37 	 6.39 	 0.21 	 3.32 	 2.93 	 45.3

	

(0.61) 	 (0.29) 	 (0.51)

	

6.36 	 1.73 	 6.29 	 0.89 	 3.42 	 2.05 	 31.6

	

(0.63) 	 (0.16) 	 ( 0 .9 0 )

	5.5 0 	2.62	 5.51	 1.62	 1.85	 2. 03	 36.9

	

(o.87)	 ( 0 .26)	 (o.84)

	

4.19 	 2.93 	 3.51 	 1.88 	 1.38 	0 .93 	 22.2
(0.67) 	 (1.14) 	 (0 .80)

	

5.82 	0 .28 	 4.57 	 0.18 	 2.12 	 3.52 	 60.5
	(0.85)	 (0.79)	 (0.27)

	4.15	 2.18	 2.81	 1.68 	 0.85 	 1.62 	 39.0
	(0.61)	 (0.28)	 (0.26)

	12.04	 6.07 	 6.14 	 3.73 	 1.90 	 6.41 	 53.2

	

(1.24)	 (1.22)	 (0.97)

Computed by means of the Klein/Wald estimates on the factor-elasticities
of the Cobb-Douglas production function presented in Table 111.6.



price index are presented, together with the trends of the unweighted and

weighted price indice .
21)

For Total Mining and Manufacturing the trend of the weighted price -

index is somewhat lower than that of the unweight one implying that on

the average smaller units have a somewhat more rapid price growth than
•larger ones. 22)

 There are, however, substantial differences between

industries in this respect,. but generally the difference between the two

price-trends goes in the same direction as for the to al.
23)

- In Table V.  the weighted growth rates of value added in constant

prices, labour and capital are presented. By comparing them to the

unweighted growth-rates presented in Teble V 02 we find for Total Mining and

Manufacturing that the individual growth rates for all three variables rust be

positively correlated with their weights, or in other words the level of

the corresponding variables0 24)
But as the differences of the weighted and

unweighted growth rates go in the same direction for both output and the
on the relative position of the

inputs it has little impac,, 	 computed cortributions to growth from

the three sources, labour, capital and "shift". The later source acCounts

for 63.6% of the growth in output, while using unweighted growth rates

this percentage i 63.5% or approximately the same.
25)
 The corresponding .

percentages are for labour Î.9 and 70 3 and thus,for capital 28.5 and 29.2.'

Even if it does not matter much what kind of aggregates we use for

the total, it really makes a substantial difference for some of the

individual industries, The more notable differences we have for: Clothing

due to a substantially lower weighted than unweighted capital growth;

Basic Chemicals which have negative growth in le.bour input and a positive

growth in capital input when using unweighted growth rates, While the

21) iiccerui.ne to the National Accounts data the volume and price incices for
vull2(: added of Mining and Manufacturing are 139 and 120 in 1967. The

volume index is very close to the one computed for value added by us, while
the price-inclex is somewhat hiq -ner.

22) Cf. (8) .above.

23) There are also substantial differences between industries as concerns
the level of the price trend whether based on e weighted or an unweighted
price-index. *Some of these differences are, however,.presumab3y a result
of the way the price-indices for value added of some of the national account
sectors are computed. Cf. Appendix 11.5.

24) Cf. also Appendix V.2.

25) As pointed out in Table V '0 the computations are carried out by means
of the Klein/Wald estimates on the fe,ctor elasticities.



opposite is the case when using weighted growth rates; for Non-El. Machinery

with a substantially higher weighted than unweighted Growth rate for labour;

and for El.:Machinery for which the opposite is true.

The main conclusion of this section is therefore that when calcula-

ting the contributions to growth from labour, capital and "shifts" by our

data for an industry we should use the Klein/Wald estimates on the factor

elasticities and the weighted growth rates of output and the inputs. This

seems to be the best we can manage to do. But as pointed out even the calcu-

lated "contributions" thus obtained are for some industries rather misleading

due to problems wi11 the separation of the price and the quantity components

of output in current prices.

3. on the Nature of Technical Change.

a) Introduction

Even if the direct results of our regressions based on combined cross-

section time-series data may be misleading concerning the 	 ofof

technical change when identified as shifts in the production function, that

kind of results may be useful when trying to analyse the nature of technical

change. And in this second main section of -this chapter we will among other

things try to analyse the nature of the technical change in Norwegian Mining

and Manufacturinc by some further regression results.

In this analysis we will consentrate our efforts on the issue whether

technical change is neutral or non-neutral. Adopting the Hicksian definition,

we must have that the marginal rate of technical substitution

is constant over time in case of neutrality. That is:

(10

mL mK

where the dot indicates derivative with respect to time.

It is easily shown that this is the case for a Cobb Douglas relation

with a 'traditional" residual trend: Technical change is neutral or purely

product augmenting. If (10) is negative, technical change is non-neutral

26) Cf. Appendix 11.5.
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and of the labour.-saving type, as the marginal productivity of capital

has increased as compared to that of labour. Ana if (10) is positive we

have correspondingly non-neutral and capital-saving technical change.

We try two different approaches to analyse this issue. First we

apply a CES-function; without much success, however. Second we apply a

generalized Cobb Douglas relation with trends both in the intercept and

in the factor-elasticities. In this context we also try multiple test

procedures to determine an "optimai fl combination of trends in the parameters

of the Cobb Douglas rea.J3,t,ion.

We also try to investigate the relevance of the eribodyment

hypothesis by an ad-hoc method of testing.	 And we have a

parate sub-section of the role of materials concerning technical change.

Finally in the present section we try to explain why the degree of

technical change varies between establishments.

b) Technical Change and the CES Relation.

Assuming that both labour and capital consist of a. quality and a

quantity component and that the later ones are properly measured by

L and K respectively and denoting the quality components as Q. and Q,
have the CES relation. 27)

1—
(n) 	v =L

— t
(n

Kt'(t

Assuming that the quality components grow expouentially over time, we have:

And a suuing now in 'i4 dition-that -nrofit is maximized with respect to both
28)factors 7:Te get 9

(13)
	

Kt
	 S

Lt 
1-p-

KO Kt

27) Cf. P.A. David and Th van de Klundert; fl lased Efficiency Growth and
Capital-Labour Substitution in the U.S. 1899- 1 960h . American Economic
Review 1965.

23) Having constant returns to scale this assumption does clearly not hold
if there are perfect competition in all markets. There are,  -however,
var;ous ways of "saving" this assumption, for instance that the .
elasticity of scale in fact is below one and therefore (11). is an .
approximation to the true productidn function.



i18

or in logs,

(14) n 7-- =	 0	 ci+	 ln	 )	 (qL • K)tQLtKO 1-a

where S and SK are the shares of labour and capital respectively.
29)

We have now that the relative change in the marginal rate of

technical substitution is determined as:

111L
a 1

(15) CIL
	ML MK	

a

This implies that if the rate of growth in labour quality is higher than

that of capital, technical change is of the labour saving type provided the

elasticity of substitution is below one. Technical change is also labour

saving if the growth rate of the quality of capital is above that of labour

and the elasticity of substitution is above one. Thus technical change is

capital saving if the rate of growth in labour quality is higher than that

of capital and the elasticity of substitution is above one or if the growth

rate of the quality of capital is above that of labour and the elasticity

of substitution is below one.
.to

We wilI7etermineqai i:g.e of (15) by estimating the parameters of

relation (14). The basic assumptions for obtaining unbiased estimates on

the parameters of this relation by means of the OLS-method are not full-
SLfilled, however. By the assumption made ln 77- is no exogeneous.variable

WL 	WL' °Kas SL is equal to 	 and thus SK = 1	 where both V and L are

aendogenous. In addition the estimate of -1--- 
may be distorted by spurious

-a
correlation due to errors of measurement in labour quantity input L. 30)

There are various ways to reduce the effects of these errors, and to

investigate the performance of (14) and try to figure out the importance of

the errors involved, the OLS-method was applied on the following kinds of

data:
a) Pooled cross-section time-series
b) First differences
c) Pure time series

In addition the size-dummies instrumental variable method was applied on

(14) without a trend for the pooled cross-section time-series data. 31)

29) We should note that this relation breaks down if the production
function is of Cobb-Douglas type, that is a = 1.

30) These errors of measurement will tend to bias the estimate on
downwards, but the magnitude of the bias is not easily figured out due
to the rather complex way L enters ln SL/SK

.

31) In this case as well as in the case when first differences were applied
the effect of the t-variable has to be computed from the residuals.
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And for all of these four cases both L and N, the nber of employees,

were applied as the input-measure.
experiments

The results of these 	 can be sumrerized InLie following way.•

All types of data gave generally negative point-estima,es on

• 

but not1-0
less than minus 1. And this implies that the point-estimate on a IS nega-

tive. Clearly a negative a does not make much sense, and as expected the

pooled cross-sec ion time-series data gave the poorest results

• 

First

differences behaved much better , particularly when N was applied as labour

input measure. T'n.ts it "helps" both to eliminate the cross-eection 1 level

of the variables and to introduce a labour input variable that is measured

independently from labour's share. We didn't gain anything by using the

size-dummy method on the pooled data, either vhen L on N was used, as

compared to the use of first dilferences. 'Finally, pure time-series gave

very shaky results, and even fo., that vethod the point estimate on o is

negative for Total Mining and Manufacturing, when usin3. L as labou'r input

measure.

However, for those kinds of data where the errors of different, kinds

are less important (first differences and pure tizle series with N as labour

input 	isi't significantly different from zero at 5% level
LO	short run

for most industvies. 32 This ria allow us to conclude that the/elasticity
in fact

of substitution is/very low. This is supported by the results of the 'ACIF-

relation implied by (12 ).

(16) 	 ln 	 a + a ln W (1-aL

that for pure time series data or Total Mining and Manufacturing yields

estimates on a of ,075, and.on (1-(5)(1, of .0387 0 But none of the parameters

are 	icantly positive at 5% level.

The results for the trend of (14) are very little affected of what

kind of data 	 is applied. Its coefficient is, with a few exceptions

significantly positive. For the pure tine series data when L is applied as

the labour input measure we get for Total Mining and Manufacturing

q 	 .0278. This result together with the result, of the trend of (K
implies that 	 = 4.17% and q1 = 1. 9% . The total growth of labour and

capital input is according to these results k 4- 	 = 0.58% 	 4 1 7/0 = 4.75%

32) For pure time series it was significantly different from zero for none.
But clearly the estimate concerned is very little efficient due to the
low number of degrees of freedom.
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and k + qK = 3.23% + 1.39= 4.62% respectively, for Total Mining and

Manufacturing. And accepting that the elasticities of labour and capital

are about .6 and • 44 respectively we get their average contribution to

growth as 2.85% and 2.03% while the growth in value added is 4.79%, which

implies that the residual trend is -0.09%.

As we generally have 
Lq - q, significantly positive we have evidence

K
to conclude that the technical change is of labour-augmenting type. The

results of (14) and (16) do also suggest that the short run elasticity of

substitution is quite low. These results are, however, very shaky and they

are of little or no help for us when trying to figure out more exactly what

is the probable level of the short run elasticity of substitution. But I

think they provide sufficient evidence to conclude that this parameter is

below one. This implies that the labour-augmenting technical change also is

of labour saving type. Thus, at least tentatively, the findings of this

section lend support to the findings of the nature of technical change of

the following section.

c) The Results of a Generalized Cobb Douglas Relation.

The calculations in section 2 of this chapter are based on the

assumption of constant factor-elasticities. If we adopt the following gene-

ralized Cobb-Douglas relation;

(a	 y t)	 y
2
t) y ot(17)

t =
ot	 K

t	
e

it is possible to study more complex types of shifts in the production
willfunction. This	 be done by estimating the parameters by the OLS method.

This is easily done as the relation is linear in the parameters when

transformed to logaritms:

(18) ln Vt ln 17'o + ln Lit + ln	 + 1t	 + y2t lnt 	 t Yot

The marginal rate of technical substitution is now:

(19)	 mLa "I" Ylt=
mK	 13 4. Y2t

And the relative change over time in this rate is

6K	 Y1 (3 - Y 2a=
1	 Y2
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Thus, provided that the elasticivies of labour:: --;,d capital

positive9forallt,orimourcasethata+59 -,-(14- 67Y

4- 67y are all positive, the non-neutrality of tr3chntcal2	
,	

techLi.cal
determined by the sign of y.03 - v a. If it is positive

2tecianical .c -rfange'
and if it is negative 	 is labour saving. Neutrality is

are always

13 	 and4. 59Y29

c1- ange is
enange
is capital saving

always secured

if yl = r2 = 0, or the ordinary Cobb Douglas relation with (or 'without)
33)a 'traditional" residual trend. 	 Gi-.-en the assumption above about

positive factor elasticities of labour and capital we have al,Tays'a capital

saving bias if y I 	 2> 0 and -y = 0 or' 
saving bias if y

1
 =o and y, > 0 or

Yl = 0 andy o < 0 an labour4_
y, < 0 and y 2 = 0.

To analyse the nature of technical change by means of (18) isn't

straightforward, however, as the estimation of the parameters of that

relation altost certainly will,lead to point-estimates, that imply either.

labour saving or capital saving technical change even 	 in cases when the

hypothesis of purely neutral technical change cannot be rejected at any s

reasonable level of significance. Therefore, another approach is adopted,

but the results of that one is com -f-ared to the results obtained by means

of the eavimates of (18) with no constraints on the parameters. This

approach is to apply a multiple test-procedure related to the one applied

in chapter IV. The point of departure is the testing scheme presented in

fig. V.I.

ILI V.1
•

A Scheme for M 	 Tests of_aps 	 ifts in uhe Production Function

4 	 . 	 •

Yt"layti 	
*

1 "4—YtIn K

/4", ..44. 41144.44444.444444444444,404444 4.444.444.4.414.4440.4444444.4.44444 ,     .444...44.4444444.4444.44.44444.444.4.444      

) There are clearly an infinite number of other parameter, values that
yield neutral technical change. But provid:ad that we 'shall have positive
factor elasticities they must satisfy the following condition
a(a + ylt) = + y 2t > 0 where a is any positive number..
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In the same way as previously we carry out the tests downwards

- from the more to the less general type of shift. In this case, when the

number of parameters under test is the same in all stages, namely one,

the ordinary F'-statistics method and the Spjotvoll F-statistics method yield

the same results, given roughly comparable levels of the two tests. For

the first method we choose .5% level of the individual tests and thus the

corresponding upper limit of the overall test is 12%. We theft get the

same results as for the second method with level 10%.
310

This is no roboust procedure of analysing the nature of technical

change, however, as we for only 6 of the individual industries and
for Total Mining and Manufacturing get a unique optimal type of shift.

The results about the optimums found are presented in Table V.6 and they tell

us that for most industries different type3 of shifts implying different

conclusions about the nature of technical change are 'equivalent or almost

equivalent as concerns fit to the data. But accepting the one that yields

the lowest mean square error in • case of more than one optimum we have in

Table V.7 summarized the findings about the nature of technical change

obtained from the multiple testprocedure. In this table the corresponding

findings when using the unconstrained generalized Cobb Douglas relation

are also presented.

Even if the uniqueness of the results is not too apparent they

suggest quite strongly that the shift in the production function is substan-

tially more complex than assumed for the previous computations when analysing

the residual factor. Only for a few industries neutrality has some

support fram the present computations.

On the average for Mining and Manufacturing the results suggest

that technical change is of the labour saving type.

But as the results are obtained by means of the OLS-method there

are some.important biases in.these results. We know from Chapter III

that generally the OLS estimates of a and fi are biased upwards and

downwards respectively. Thus 'y 	 - y 2 OE is presumably biased downwards.
1 

That is, in case the shift is truely labour saving it is overstated. Also

if it is neutral or in fact capital saving we may estimate it to be labour

saving. The denominator of (10) is also biased downwards as the OLS-method

implies that the product of the factor-elasticities, and in our case also

their sum are biased downwards. Apparently this tend to make the biases

still worse, except in the case when the estimated shift in the production

function is caPitalsaving.

Cf. Chapter IV.



-.1117 t + .0290 t ln L* 	 -.1586 t + .0235 t ln K
(.0 ) 26) 	 (.0090) 	 (.0614) 	 (.0079)

Wood Products
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TABLE V.6

IRL2lults_afilulLiEle_Iests_af_IyEes of Shifts in the Production  Function over Time l)

Industr	 "0 timal" T es of Shifts in the Prod. Functionsj.

Tot. Min. and Man.

Mining and Quarr.

Food Products

Textiles

Clothing

: 8mfit ln L + (: 810_28 ) t ln K

.0476  t
(.0108)

.0556 t
(.066)

.0206 t*
(.0067)

.0703 t ln L
(.0243)

.0091 t ln L*
(.0020)

.0034 t ln L
(.0012)

.0039 t ln K.*
(.0011)

.0055 t ln K
(.0012)

.0021 t in K
(.0008)

.1599 t - .0103 t ln K
	(.039 )4 ) 	 (.00lifi)

.0365 t ln L - .0236 t ln K
	(.0115)	 (.0067)

.0071 t ln K
(.0011)

None

-.0707 t ln L + .0497 t ln K

	

(.0201)	 (.0127)

.0296 t
(.0069)

.0299 t
(.0079)
.0389 t

(.0108)

.0177 t
(.0053)

.0966 t*
(.0214)

Pulp and Paper

Printing

Basic Chemicals

Mineral Prod.

Basic Steel

Metal Prod.

Non El.Mach.

El. Mach.

Transp. Equipm.

Misc. Products

.0054 t ln L	 .0035 t ln K
(.0012)
	

(.0008)

.0051 t ln L	 . .0035 t ln k*
(„b0009)(A014)

it
.0068 t in L

(.0018)

.0032 t ln L 	 .0021 t ln K
(.0009) (.0006)

.0114 t in K
(.0027)

1)
When more than one type of shift is reported, the one that has the lowest MSE value

is marked with a star; 41'
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TABLE V.7

Analysed
The Nature of the Shift in the Production Function 	by the Generalized

Cobb Dou las Production Function and the "0 -btiatLILType of Shift

Industry
	 Nature of Shift

Generalized Prod. Funct. "Qptimai"Typeof Shift

1)

Total Mining and
Manufacturing

Mining and Quar.

Food Products

Textiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Mineral Prod.

Basic Steel

Metal Prod.

Non-El. Mach.

El. Mach.

Transn. Equipmcnt

Misc. Prod,,

Labour Saving

Capital 7?

Labour

Capital VI

Capital 11

Labour

Capital I?

Capital if

Labour
	 fl

Labour
	 tt

Labour
	 11'

Labour

Labour
	 TI

Capital ti

Capital 41

Labour

Labour Saving

Capital t?

Neutral

Neutral
*

Labour Saving

Capital

Capital

Capital If

Labour	 tV

None

Labour Saving

Capital t/	 K

Labour
	 ?I
	 3E

Capital

Capital t /

Neutral*

No unique optimum. Cf. Table V.6.

1) y a - y2a is very lov, -.00073, while for Total Mining and

Manufacturing we get -.01310.



Nav clearly if the assuattions of fundtional form and cf profit ,_laxi-

mization with respect to labour are .ru(,., factor savinF, technical change

should also show up in the factor-share of labour. .:;ut investigating this

question we find that neither for Total Mining and IVicnufacturiflg nor for

any.of the individual industries there is a trend over time of the average

share of labour invalue added that is significant at 1% level. At 5% level

there is one, namely Pulp • and Paper with a significantly positive trend.

Therefore, if carrying out a multiple test ba ed on ordinary F-statistics

with 1% level of th .. individual tests when the trend in the labour,elasticity

is estimated by the trend in labour's share, we can get an optimum shift that

implies captal saving technical ch ce only if tlii trend in the capital

elasticity is significantly negati 35)

Carrying out the analysis on the r la ion

(21) 	 in Vt 	in Lt = a 4. 	 y2t) ln Kt 4. ot

we have that the test procedure when applied on Totd Minim? and Manufactu-

ring still gives an optimum that imio ies labour saving technical change,

even if a neutral trend is also an optirium which, however -, yieldr poorer

fit. 'The sse outcome do we get by applying the results of (21) as it is.

The mamitude of (20) implied by the estimates obtained for the general and

optimal shifts are however, surprisingly close, -.63% and -.'64% re p,.cti-

vely. 36) 37)

As for Total Mining and Manufacturing we get for ail of the

ind4 vidual ilidustries except two a ual oçtinun type of trend, either t or38) 	.
Using the MSE-value to choose betweeL them we get neutral

•5) This is so as all inalT dual tests about the trend of the labour ela,sti-
sity in the multiple test scheme is trie same, as th:s trend is e timated
separately from the :other trends.

36) The percentages presented are computed for the year 1963. As in this
case both y i and y2 are positive the estimated degree of labour saving
decreases with time. But this decrease is quite ignorable, however.
For instance, the m.l.cilitude of (20) implied by the general shift varies
from - .61% in 1959 to - .65% in 1967.

37) When the OLS-,method is applied,'the m titud of (20) is, 76.3k when it
is computed for the general s4ift-and 	 or the optimal ,one. This
shows that the estimetion-bias when applying the OLS-method may be quite
substantial, even if this is hardytbe only cause of the differences
between these percentages anc: those obtained whet using the factor-share
for labour inpût.

38) For Printing the optimal  shift cones out to be capitalsaving and for
Mineral products the optimum is as previously y'llo shift". Cf.. Tables
V.4 and V.5.

t In
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technical change for six and labour saving technical change for seven.

All in all the results of these experiments are very mixed. Our difficul-

ties are primarily caused by the fact that as concerns the fit to data tile

three components of the general trend, t, t In L and t ln K are almost

perfect substitutes. But we can draw two tentative conclusions of the

results above. First the shift in the production function seems to be of

a much more complex type than the one implied by the residual trend.

Second there is some evidence for that the shift is generally labour. saving,

or that the marginal productivity of capital cows faster than that of

labour.

It does not seem possible to come much further than this by the

present approach. We will, however, return to it in a particular context,

namely when analysing materials position in a process of technical change.

But first we will discuss the results of a different approach in the analysis

of the nature of technical change-issue.

d) A Tentative Test of the Embodyment flypothesie.

To some extent the analysis of the nature of technical change has

to do with the quality-components of the inputs, and their behaviour over

time. This is also true for the so-called embodyment-hypothesis advanced
39)by R. Solow.	 The basic idea of this hypothesis is that capital of recent

vintages is more productive than capital of older ones, due to technical

progress "embodied" in new capital goods.

With the empirical base available in this study there is one possible

way to analyse the validity of the embodyment hypothesis, namely by investi-

gating the performance of variables expressing the "recentness" of capital.

And we do this by introducing into the Cobb Douglas production function the

followinf, one: 4o)

(22)

39) Cf. R. Solo: Investment and Technical Progress in K.J. Arrow,
S. Kanin and P. Sappors (editors) Mathematical Methods in Social
Sciences , Stanford 1960. Cf a1sd- (7-El.:oåTliT-TY§T6Y2p.2 .LL. pp. 77-81.

4o) For studies where the embodyment hypothesis is analysed in a similar
way see: ,E. Berglas:lErnrestmant and Technological Change!' . In The Journal

and K.L. Krishnapp.cit. See also,
z. Griliches: 7Production Functions in Manufacturing: Some Preliminary
Results", , in M. Brown (ed.) la,p'cit.

E = 
CI-AP 	 (1 -A) 2 ' I 	 -I- (1-A) t-
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where the numerator expresses what is

the latest three vintar'es. 41)
assumed by us to be left in year t of

Now, if the embodyment hypothesis is true, that capital goods of

recent vintages are more productive than those of older vintages it should

show.up in the results as a significantly positive coefficient of E.

There are, however, a number of rer,)sons why this must be a rather weak test.

To point out two of the more important ones: First we have assumed a

declining balance depreciation formula to be valid in the computations of

the physical detoriation of the capital goods. If say, the productive
o10.

performance of capital goods less.than four years ils unchanged the undepreci-

ated values of 'ti 1=1,2,3 should enter the capital measure. And if we-
in that case include E in the production function with K as the capital

input we may 'get a significantly positive coefficient of E even if the

emboatlyment hypothesis is invalid0

oecond, we should in our cas  take to coLsideration the poor

quality of the investment data. As pointed out in Chapter II there is

clearly a substantial amount of bad repertinq in our data, both assuming

capital and 	 investments. aven, if an establishment need not buy invest-

ment goods each year, it is quite hard to believe that the high fraction of

zeros reported for this information is real. If this in fact is a result of

bad reporting then the results of E may become highly distorted. And to

'guard against such effects a dummy-variable defined in the following way

1 when E = 0
(22.b )

	
FEE 	 0 	 r: E > 0

is introduced into the production function together with E.
also

The coefficient of FE will presumably/catch any differences in the

level of productivity between units with bad and not so bad reporting of

the investment information. As there are reasons to believe that poorly

managed units (Is() tend to ive a poor quality in the reporting of their

activities, we will expect the coefficient of Fa to be negative. But as

we by FL7 also catch -tagnant units its coefficient may become negative also
for that reason. But a negative coefficient of F, may also,lend süpport to
the hypothesis under test as it implies just that as well as a positive

41) As embodied technical change is initiated through purchased inves,,ment
goods, only this cathegory of investments is included in E. We have, how-
ever, not inc1uded current investments in E. This ,is done of two reasons.
First that incompleted investment projects may be reported while these do
not add to the production performance of the capital of that period.( Cf.
Section h ii of Appendix Ii 7) 	 Second, current, investments -may reflect
t I costs of change", and thus have a negative impact on output. (Cf. Appendix
v.1).
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All in all the interpretation of the resu1t Of both E and Fu is rather
both

difficult. But on the other hand, they have to do with misspecifications

and mismeasurement an  as such,an analysis of their performance and effects

is interesting. There are three aspects of these variables we would like

to investigate. First if their effect on output is the one expected and if'

their coefficients are significant; that is,the coefficients of E and FE

significantly positive and negative respectively. Second if, in particular

E, leads to a reduction of the residual trend, or the disembodied technical

change. And third if their presence in the production function leads to

substantially different estimates on the factor-elasticities. About the

first there is not much more to say a priori. About the second it is

reasonable to believe that as there is presumably little variation of E along

the time-dimension it cannot catch much of the effect of t; in our sample

the coefficient of E must be determined mainly by the across-dimension.

About the third one can at least "predict" that if the coefficient of E has .

the expected sign the estimate on the capital-elasticity will become lower,

as there is then a positive effect of parts of the capital stock in addition

to the "main" capital input variable.

Turning now to the enpirical findings we should note that due to the

way our"recentness"variable is constructed we "loose" one third of the

degrees of freedoms available. Thus to make a complete analysis of the

effects of E and F
E we re-run the Cobb-Douglas relation with purely dis-

embodied technical change for the truncated sample. In addition the results

of two other regressions are presented, when the"recentness"variables only

are included together with the ordinary factors of production, and when they

are included together with the resjdualr trend. The results of these three
42)regressions are presented in table V.8.

42) Another regression was also run, namely in V - S.. ln L - in K =
a 4- yt u

1
E u 2 FE' where S is the share of ldkour and W is the size-

dummies instrumental variable estimate on the capital elasticity, both
obtained from the ,complete sample. (Cf. Ch. III). This relation
provides a test of the performance of the trend and the recentness-
variables when imposing presumably more consistent estimates on the
factor-elasticities than those implied by the OLS-method. But this app-
roach does not take care of the sample-truncation, neither of the
possible effects of the technical change variables on the estimates of
the factor elasticities. But in spite of this the relation above did
not yield results for E and Fr basicly different from those obtained by
means of the OLS method. Con'C'erning the effects on t of consistent
estimation of the factor elasticities, cf. section 2.b above.
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By comparing the results of the first regression of table V.8

with the first one in table V.1 we get an impression of the effects of the

sample-truncation, as the first one is based on data for the years 1962-67

while the later is based on data for the whole period 1959-1967. The main

difference between the two sets of results is that the trend seems to be

of greater importance for the truncated sample, suggesting that the trend

is not constant but increasing over time. This effect is more notable

for Mining and Quarrying, Pulp and Paper, Basic Steel, Non.E1,Machinery

and Transport Equipment, or generally rather heavy industries. The level

of the capital elasticity is somewhat reduced for Total Mining and Manufac-

turing, but this is "compensated» by an increase in the elasticity of

labour. But for the individual industries there is no uniform tendency of

a reduced capital elasticity due to the inr!reased trend. It is true that

the estimate on the capital elasticity is lower for industries like Mining

and Quarrying and Pulp and Paper. But on the other hand, it is higher for

Basic Steel and Non El. Machinery and only slight]ylower for Transport

Equipment.

The results of the second regression tell us that at least for

Total Mining and Manufacturing the coefficients of E and F.5, both have the

expected signs and they are both significant at conventional levels. Thus

the embodyment hypothesis seems to get some support by these results. But

for none of the individual industries the findings are equally uniform.

For eight of the fifteen industries the coefficient of E is significantly

positive. For only three the coefficient of FE is significantly negative,

and none of these are among those with a significantly positive coefficient
43)of E. 	 On the other hand, we get for two industries, Metal Products

and Transport Equipment the rather peculiar result that both coefficients

are significantly positive.

The third regression of Table V.8 tells us that our variables

expressing embodied and disembodied technical change are largely independent.

Compared to the results of the first regression we see that the residual

trend is approximately of the same magnitude. And compared to the results

of the second regression we can conclude that the estimates of the"recent-

ness variables are also virually unaffected by introducing a trend.

43) In the last column of Table *V.8 the percentage of observations with
F = 1E 	 (or E = 0) are presented. We note that this percentage varieswidely between industries, also suggesting that the quality of the
reporting is substantially different. We should note also that as E
covers a period of three years the percentages of zeros reported on
purchased investment goods are much higher than those presented in
Table V.8.



This confirms our a priori "pr2dic,io1s'' of the results. Our

'!recentness"variables are as pointed out mainly determined of the acros

dimension and therefore they work more or less like durniuyvarìab1es for

establishments. This is probably also the main reason wily the labour

elasticity seems to be more affected by these variables than the capital

elasticity. The former is almost solely deterrlined by the across dimension

while for the later the time-dimens:,.on is of somewhat larger importan e.
44)

But all in all our urecentnesevar:Lables do not have any serious impact on

the estimates of the factor-elasticities. Thus having ignored them in the

previous analysis of the levels of these parameters does not make this

analysis basicly invalid. 45)

The main conclusion of this section Is therefore that the embodyment-

hypothesis seems to have some support in our data. But the introduction

of variables taldng care of that quality-component of capital has little

impact on the main production function parameters. Neither do they affect

the residual trend significantly.

e) Technical Change and the Role of Mater-'als.

Basicly ',here are three factors of production (or rather three

groups of factors) in operation when manufacturing a final product, namely

labour, capital and materials. The reatment of these is, however,

generally rather asymmetrical, as the later one is usually subtracted from

output to obtain a net output measure, value a -7 ded.
46)

So far that approach is adopted also in this study. But in this

section we will analyse if a more symaetrical treatment of the three

factors of production leads to u. -ferent conclusions concerning the impor-

tance and nature of technical chane.

44) Cf. T&fles 11.1 and II. .

45) In a similar way as for the embodymenu hyro hes is attempts were made
to investigate two other hypotheses, namely "costs of change" and

"transitoty variation in demand!' The results were rather inconclusive
as concerns the importance and validity of these hypotheses. On the
other hand, we. found, as for the embodyment hypothesis that the
results of the "main factors" were virtually unchanged. A summary
of these computations are presented in Appendix V.1.

46) Cf. the Census study, ch. V.

•.
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As we have mainly operated with a Cobb Douglas relation for labour

and capital an obvious way of treating all factors symmetrically is to

adopt a three factor Cobb Douglas relation with gross production as the

output measure. And assuming neutral, or purely disembodied technical

change, we have

-t
(23) In Y = A LŒ K M e'l

or

(24) In Y = ln A + a' in L + a , ln K + . 0 ln M + y't

or

(25) 	 in A + (a' + 	 + p - 1) in L + (3' • in 	 + p ln
M + y 't

Estimating the parameters of this relation for Total Mining and Manufacturing

we have:

(26)	 .906 - .055 ln L 	 .132 in + .491 	 .01764 t R = 0.896
.003)	 .005)	 L (.003)	 (.00141)	

0107MSE= .

Both the labour and the capital elasticitips7well as the residual trend

are much lower for this relation than those obtained for the value added
7)Cobb Douglas relation! 

48) 
But as we now have a different output-measure

these are not comparable.

A kind of comparability can be obtained, however, by writing (23)

in a slightly different manner. We may write it as:

	ff ,* 	 * 1-P
(27) Y = (A La K	 eY t)

where

a	 at/(1-0

(28) •• =

Y• = YV(1- 11)

Taking logs, subtracting p in M and dividing through by 1-p yields the

relation

(29) (ln Y	 .p in M)/(1-p) = In A + c In L +	 in K + yxt*

49)where the left side is a "geometricgeoetric value added'
,
 .	 (29) can also be

written in a way that corresponds to (25).

47) The estimate on a' implied by the estimates of (26) is .322.
48) Cf. Table V.1.
49) Cf. E. Damar: "On the Measurement of Technological Change", The Economic

Journal, Dec. 1961.
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(30) (ln p ln -11 )/(1-p) = In A + (a* 4. -- 1) in L

Now, there are two ways of e ,,imating a	
x

', 	 and	 7,ither by -sing the
o!!'	 3C)

estimates obtained by (25) together with (28), or by using (29)/,having

estimated p independently.

The first method yields a* = .634, 	 = .259 and y* = .03 466.

And by estimating p as the arithmetic average of materials share in gross

production, 	 .520 we get by applying (30)

(31) (in .Y 	 id 	 K
1 y)/(1-S .

M 
= 1.914 - .111 in L 	 .243 in -7:: 4. .03509 t

Li 	 ÅJ

(.011)	 (.009)	 - (.00295)

R = 0.360
MSE = 0.470

Thuo concerning the magnitude of technical change measured by

the residual trend it is approximately the same whether ordinary value added

or the geometric value added measure is applied. But as concerns the factor

elasticities as well as the scale-elasticity there is a striking difference

between the results obtained by means of (nO) and the ordinary value added
ANxrelation. The estimate on a implied by (31) 4 s 646 while f3 is as we

note .24 . The corresponding estimates from the ordinary value added

relation are .730 and .263. Thus, particularly the labour elasticity is

substantially lower when using the geometric value added measure. And this

implies also as we see fram (31) that we have significantly decreasing
50) 51)returns to scale.

50) This finding is quite different from the one obtained in the Census study
where almost the same estimate on the scale-elasticity was obtained for
Total Manufacturing when using the geometric value added measure as when
LIS ing the ordinary value added measure.

51) Constraining the labour elasticity to its share in (ordinary) value added,
and using the size-dummies-instrumental variable nethod to estimate	 leaves
the estimate on the scale-elasticity virtually unchanged. We obtained

= .304 and as S_ = .60:-1 we have the estimate on the scrle-elacticity as
.907 as compared to .869 obtained by OLS on (30). Even when using the
geometric value added measure it may be convenient, as done here, to use the

Rshare of labour in ordinary value added as an estimate on a . Alternatively
Ly

we could have used a	 -- where 5, and b_. P ; the shares of labour
LY

L AY
and materials respectively in cross production. TheK.f: is, however, a close
relationship between this estimate and the fzrmer . 	:=7, ST . S	 9 and

m	 'WL	 LY' L MY
based on	 the variables Y---	 and	 and we have thatY	 V

T (LIE 	 /,

1- : = gL/Y-M = WL/V. But clearly	 and a will generally be different.Y

ST are
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TABLE V.9

The Share of Materials in Gross Production and its Trend 

over Time 

Industry Mt
OLS on

1AD

= a + bt  

MSE
3€

Tot. Min. and Man.

Mining and Quar.

Food Products

Textiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Mineral Products

Basic Steel

Metal Products

Non El. Mach.

El. Mach.

Transp. Equipm.

Misc. Prod.

.520 	 -.00387
	 .96 7	 .001

(.011) 	 (.00039)

.160 	 -.00603 	 .748 	 .024

(.022) 	 (.00202)

.678 	 -.00572 	 .950 	 .003

(.016) 	 (.00071)

.496 	 -.00983 	 .82)4 	 .039
(.033) 	 (.00255)

.496 	 -.00893 	 .950 	 • .007

(.026) 	 (.00111)

.629 	 -.00513 	 .734 	 .019

(.019) 	 (.00179)

.658 	 .00023 	 . 066 	 .011

(.010 ) 	 (.00134)

.359 	 -.00285 	 .579 	 sollt

(.o13) 	 (.00152)

.498 	 -.00095 	 .314 	 . 007

(.8) (.00108)

.34 0 	-.0085	 .760 	 .009

(.014) 	 (.00124)

.545 	 .00037 	 .118 	 .o 08

(.9) (.00117)

.469 	 -.00832 	 .857 • 	 .021

(.027) 	 (.00189)

.439 	 -.00192 	 .387 	 .018

(.014) 	 (.00173)

.500 	 .00148 	 .377 	 .011

(.011) 	 (.00138)

.41.4 	 -.00023 	 .117 	 .003

(.005) 	 (.00075)

.517 	 -.00717 	 .92 0 	.008

(.021) 	 (.00116) 	 •

if Multiply these entries by 10-2



The virtually unchanged trend estimate together with reduced

factor-elasticity-estimates implies that when using	 geometric

added measure, shifts in the production function account for a highe.,

fraction of growth in output than when using the o.„-dinary,value added measure.

The growth rate of the geometric value added measure is 4.67% as opposed

to 4.79% for ordinary value added. In the present case movements along the

production function account for 1.15% or 24.7% of the growth in output

while it was 1.27% or 26.5% of the growth in case ordinary value added

applied 52)

Therefore, it is misleading to conclude fram - ae results of ( 26) that

we manage to explain more of the growth in net output by means of movements

along the production function by treating materials as a factor of production

in the same way as the two other factors. It is true, of course, that the

shifts in the production function are less important both absolutely and

relatively for the gross production function with all three factors of

production, than for the ordinary value added relation. But the point is

that the importance of the shift of the value added relam..2.1i..».21, 	 by our

gross production function is equally large or larger than for the ordinary

value added relation.

This conclusion is obtained, however, by assuming that the share of

raw materials in gross production is constant ove., tiiie. The computations

presented in Table 11.5 suggest that there is a drop in this share. In

Table V.9 we present the average share of r(al materials in gross production

and its	 trend 	over time. For eiht of the industries there is a

significan,, drop in this share, as well as for Total Mining and Manufacturing.

Considering it as an estimate on ,,he elasticity of r'atersls this finding

implies that, at least for the eight indü, tries pointed out, there is a kind

of non-neutral technical change, provided of course that the production

function is correctly specified. To this topic we will return later.

What we would lit e to know first is if this movement of the elasticity

of raw materials alter the conclusions obtained by means of (30) about the

role of shifts' in, as opposed to movements along the production function,
53)compared to the corresponding results obtained for ordinary value added.

•

52) The use of a presumably more consistent method of estimation does 'not
alter this picture. Accepting the factor share instrumental variable-
estimates referred to in footnote 51) above we have that 28.5% of the growth
in output can be explained by movements along the production 'function as
opposed to 36.5% when ordinary value added is applied.

53) The computations are carried out as Previously for Total Mining
Manufacturing only.
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Having a drop in Sm over time implies that the average growth in

the geometric value added measure must be lower too. In the case the

materials share is constant the growth rate is determined simply as

(y-Smm)/(1-SM ) where y and in are the growth rates of gross production and

materials respectively. Having a certain (absolute)	 trend	 of SM'
5M we get the growth rate of geometric value added as:

(32 )	 (y-Se)/(1-Sm) + ( m /(1-Sm ) 2 ) in

Y
As for Total Mining and Manufacturing S = • 520, SM = -.00387 and 1nTi=

the mean of
0.7756 we have that/the later term of (32) is equal to -1.30%. And as the

first term was found to be equal to 4.67% we have a growth rate of geometric

value added with a variable share of raw materials of about 3.37%. This

drop in the growth rate of output does presumably have the more significant

impact on the residual trend as the factor-elasticities are mainly determined

by the across-dimension. This is confirmed by running (30) with p estimated

separately for each year as the share of materials in gross production of

that year. Then we get:

(33) (in	 smt in = 2.735 - .13.1 in L 	 .244 In 7 + 0.02200 t
(.006) 	 (.009) 	 '3 (0.00294)

R = 0.347
MSE = 0.468

The estimates on the elasticities of labour and capital are even more

unaffected by introducing a variable elasticity of materials than

expected. The whole effect of the new geometric value added measure

as compared to the previous one is absorbed by the trend. Thus the relative

importance of the trend is also reduced. In opposition to the previous

distribution of 24.7% and 75.3% of the growth in output due to movements

along - and shifts in the production function respectively we have now 34.5%

and 65.5%.

But assuming a variable elasticity of materials implies that technical

change may be non-neutral. And the contents of Table V.9 suggests quite

strongly that this is generally true. And for the eight industries with a

significant trend of materials share in gross production the technical change

seems to be of the value added using or materials saving type. The issues

we would like to explore next are thus; if this finding is supported by the

direct regression results on a "generalized" version of the three-factor

Cobb-Douglas relation and if the conclusion about the nature of
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technical change obtained previously using the ordinary  value added relation

is 	 supported by the results of the three-factor Cobb Douglas 
relation.

The "generalized" production function is in this case:

(34) ln Y = in A 4. a ln L 	 ln K 4- 11 ln M y
o
t 4-v 

1
 t ln L 	 1 2t In K

y t In M. 3

we have now two "independent" marginal rates of substitution.
54)

+ y t
-----

y t

(35)
t

IrIM p + y
I. 	 3

And their relative change over time is given by:

(36 )

(OE 	 y t)( 	4- ) t)
2

... y

( 3 	t)(11	 - t'
2 	 3

Estimating the parameters of 34) by means of ordinary least squares for
55)Total Mining and Manufacturin we have that

= .03°35

which implies thut

(38)	 .00763

54) The third one, for labour and raw materials can casily be computed from
those two presented.

55) 1 3 is significantly negative at l% vel v..— e
but not significant at that level.

and Y r are positive
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Appiying a similar multiple test procedure in this case as for the

value added Cobb Douglas relation yields an "optimal" shift of
56).00475 t ln K .00295 t ln M

(.00109) 	 (.00116)

And the relative growth in the marginal rates of substitution is

mKmT
= 	 = -.00601

tç
( 39 )

ra,.K 	 A = .04208
n17- mM

And thus:

.03607

Thus, the previous finding of value added using or materials saving

technical change is supported by these direct production function regression

results. And they do also suggest that technical, change is moro labour

saving than capitalsaving, thus supporting the findings of section V.2.c.

These findings are also supported by the results obtained by means

of (34) wben constraining the elasticity of 	 materials to its share in
production

gross /. Assuming it to be constant over time we get by means of unconstrained

estimation of the trend-parameters y, -y/ and y2 that

• 	 •

(41)
111T 	 'KiT 	----- = -.00239'
L mK

And allowing materials share to vary over time we have that unconstrained

estiTaation of
o
 y and ^y" 

2 
yields'

(42)
raL
UT mK

-.00421

All in all there are sufficient evidence to conclude that treating

all three factors symmetrically does not alter the main conclusion obtained

previously about the magnitude and nature of technical change at the value
added level.

56) Cf. Fig. V.1. The optimum obtained is, however, not "unique".
Cf. Table V.4. The number of individual tests are 20 and thus we get an

upper limit of the level of the overall test when using the ordinary F-
statistics method of 20% as we choose a level of the individual tests of 1%.
The SpjAvoll F-statistics method yields the same result as the other one
both when choosing a level of 10% and of 25%. (A tabulation of the upper
20% fractiles of the F-distributions was not available.)

+.•



.0 On the Differences in Degree of Technical Change heeen Establishments.

In this section we'll try to attack the problem of determining the

nature of technical change by a somewhat different approadh. We know fram

our previous results that technical change measured by the residual shift

shows a substantial variation between units. This may partly be due to the

fact that we have imposed factor elasticities common to all units of an

industry. Thus variation in the residual may reflect also variation in the

faator-elasticities But due to too short time-series we do not manage to

estimate the parameters of the production function separately for each

establishment with any reasonable degree of accuracy. 57) Therefore we accept

the	 tained by assuming common
1

factor-elasticities for all units.

What we would like to know is if the variation of y i can be ''explai-

ned" by the variation of other characteristics of the units. This excursion

willbedivich-dintotwoparts.Firstweanalyseify.shows any correlation

with the estimated level of efficiency.	 Thinking in terms of

an analysis of covariance model we have the Cobb Douglas production function:

()43)	 lii'T 	 = OE ln L	 K .	 .
it	 it	 ult

where the residual u. t is decomposed into three parts; 4

i

(44) 	 u. 	 p.	 y.t 4-
it 	 1

57) Atter2pts were made in this direction for Mining and Quarrying by an

invesion of the performance of a method proposed by P. - Balestra and

M. Nerlove: "Pooling Cross Section and Time Series Data in the Estimation of

a Dynamic Model; The Demand for.N tural Gas". ,Econonetrica, vol. 34,

No 3. July 1966. Cf. p. 607. This method implie3	 among other

things that a and 13 are estimated separately for each establishment and then
A

estimating the "industry" elasticit:IPs as a =
1 I .	 1

a. and 3 =
I.- 1 1 1=1

But as this method yielded insensible results even for the "averezes''

a and Pd, no further attempts were made along these lines.
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where eit is a random erns with zlro near and constant varianc e . 58)

59)Without loss of generalit	 s, can assume that:

11
( 14.5)	 E :t.	 =	 E

Evidently p i is the establishment 4Decific level of efficiency and we

get an estimate on it F':

( 46)
	

pi
	 In V.	 a ln	 •

where the estimates on the factor-elasties are obtained by the Klein

Wald method and the bars indi ,- ate a7erages over years.

We are interested in '‘.,he estinate on al in the relation

CO) = a 4- a p.
o 	li

A priori we would expect al 'o b p0E -.4.tive as it is not unreasonable to

believe that units with high efficiency and go management also tend to

have a faster technological progrer. s.

But even if our e.!-tioatec, or the factor elasticities were unbiased

there are reasons to believe that 1L ay Le somewhat misleading as

"weights“of the factor inruts ,1 the expreE 'ion of p. in (46) when using

1.1.to nexpleari" Y i..Fo- Total Min. 	and e.nufacturing we have found some

evidence for labour saving	 cal chank- And as the 3,evels of output

and the inputs are positively correlated with their growth rates, 6o)

we will expect that when running ' 	 re7ression; 

POW 4. b.', .1n ln L. 4- b inK.

:f a, 	 ).we get 
,.	 A
a, and

58) This is a slightly mor- compleL covarirrxe analysis model than the
onediscussedinft.111,asweriarghavesolteaninteractiontermy.t.
But in this case we have nc	 time-term.

T
50Weget—E Y.t= 0 simp7 , by 3 --sca1ing t so that t=0 for the year
1963.	 i

6o) Cf. Table A.V.3.



171

The second part of this excursion is an investigation of the

variation of y. with the level and	trend.	 of factor shares, to obtain

further tests on the nature of technical chan-P-. The two shares that will

be considered are as previously the share of mate—Lal, in gross production

and the share of labour in value added.

Concerning the growth rate of the share of material it isn't very

interesting in this cont'ext as it must almost nece7sarily have a negative

correlation with y.. But we includ ,, it together with the level of the share

of materials to cat -'h the simultaneous effect of these two variables. This

is analysed by applying the OLS-me hod on

( 149) a= a 4- 	 3,	 aYi	 o	 1 1 ,11
. 

The results of the impact on y i of the share of labour and its

growth rate provide a direct test on the nature of technical change. If it is

true that technical change is lab -our sr -wing thi- should show up in the

results of:

(50)y i = b o 4- b1SLi 1- I., S .
2 Li

as significantly negative coefficients of both righ .ki ide variables:

Those units with a high and increasing share of capital will presumably

have the fastest tchnical progress.'

The results of (47) does not lend conclusive support to the assumption

about a positive impact on the rate of technical progress of the level of

efficiency. For Total Mining and Manufacturing we have a, = .0124 and

thus a1 isn't siimificantly positive at 5% level. For twc-L) 	
.0064)

industries the presumed relationship bet-ween p i and -; seems to be fullfilled,

namely for Textiles and El.Machinery: For both industries a, is significant-,
ly positive. On the other hand we have a significantly negative for one

1
industry, namely Pulp and Pape.—

By means of 01,3 on (48) and thus letting the regression itself

determinetheweigiatsofthethreecomponentso.Lp.in a relationship with

i we get for Total Mining and P.nufacturing:

(50) v = -.0396 -I- .0206 ln V. 	 .0339 mL. f .0101 ln K.
(.0065) 	 1. 	 (.OÕ : 	i (,004c) 	 1

-7

And we get -.0339 = b
2 < 

a
1 	-
	 nn, .a = .0075 a0101 = b3 > a3 -.005)4 as

expected. Thus on the average for Mining and Manufacturing we have
from	 also

evidence , these results	 that technical change i
i	

s labour	 savin
•
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But like the results for a, the results of b.", b 2 and b 3 for the individual
61)

industries are rather poor ana will not be subject of further discussion.

Thé results of (43) and ( 9) are present. in 'able V. 10 together
A

with the mean and standard-dsnliatiion o
.1

As expected the coeffici„ont of 0 is negative for all industries,
Mi

and significant for all but four, .1aasie Chemicals, Mineral Products, Non-El.

Machinery and El. Machinery. More surprisingly the coefficient of Smi tends

to be positive, ana it is significantly positive for Total Mining and Manu-

facturing and three of the individual irZoustries; Food Products, Pulp and

Paper, and Easic Chemicals. It is san7nficantly negative, for one; Printing.

A priori we would rather think that a
1
 should be negative as the general

tendency of reduced Sm could beconsidered as a move from a less to a more

profitable position of the production units. And also that those with high
62)Sm also had a lower rate of technical change than those with low S

The results of the second regression presented in Table V.10 show

that for all industries those units with a decreasing share of labour in

value adaed have a higher rate of technical chang ,s than those with a stable

or increasing share; b2 comes out to be significantly negative at 5% level

for all industries. Aga1n we've ad&d some more evidence of labour saving

technical change. We should note, however, that trend-like variations in

the capacity utilization of capital may have aff ,ncted these results. It has

the same effect on b as labour saving technical change. The results of

the level of labour tssnare in value a'tued are rather nixed. For Total

Mining and Manufacturing Its coefficient s significantly  negative as expect

a priori. On the other hand, we get the ame outcome for only three of the

individual industries: Food Products, Basic Chaoicals and Misc. Products,

while its coefficient is significantly positive for four industries:

Clothing, Printing, Mineral Pr(-ducts and TransportEquipments.

61) The variation of y. with size, -neasured as Isri = t E, Tlit was also investi-

gated. It is not unreasonable to believe that  y 1 andN1 re positively

correlated; that large units show a higher rate of technical change than

small ones. For Total Mining and Ma unacturing we get, however, a negative

butno , significantcoefficinntoinaregres-ionwithy.as dependent

variable. For the individual industries it is significantly positive for

Wood Products and Mineral Products and significantly negative for Textiles

and Basic Steel.

62) In Appendix V.2 simple correlation coefficient- between the two factor
shares and their growth rates are presented.
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All in all the results of this section lead basicly to the same

conclusions as the previous ones about the nature of technical change,

namely that it is labour saving. But even if we now have obtained mach

the same conclusions about the nature*of technical change from d nuMber of

various approaches it is evident that they are all vulnerable towards

measurement'errors. Those based on more or less purely direct production

function regressions may be affected of the way capital stock is deflated,

and those based on fact& shares may be affected  of trend like capacity

variations of capital.

But accepting the data as they are we have obtained rather uniform

conclusions. And after all we have added at least some evidence of that

technical change is not neutral, but to be more conclusive about

that issue we evidently need a better empirical base. It does not look

possible to came much further with the present one.
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APPENDIX V.1.

TENTATIVE TESTS OF TRANSITORY VARIATIO., IN

DEMARD AND COSTS OF CHAgGE.

a) Introduction

Basicly the two issues
	 öonsidered in this appendix

have to do with proper specification of the model. We have made a number

of simpli -ing assumptions when constructing the main model subject of

analysis. This iš primarily a result of "empirical necessitas the

possibilities are quite modest t6 inve ,'tigate empirically the performance

of more complex models.

If possible we would have analysed the • importance of transitory

variation in demand and costs of change by means of a model-specification

taking these aspects explicitly into-account. Instead we have to rely on

an ad-hoc procedure of the same kind as the one applied in the analysis

of the eMbodywent hypothesis in section V.3.d, nwaely by adding presumably

relevant variabl'es to the production relation and estimate the parameters

of the,- relation by ordinary least squares.

And as for the etbodyment'- hypothesis two aspects of thesesvariables

are of particular interest,. First if their coefficients have the expected

signs and are significant and second if their presence in the production

function alters the estimates on the main 'coefficients'. in a , sense the

lbter aspect is the more 't:1 or ant as it indicates the seriousness oi the

spécification errors" dueto the prcsence of any transitory variations in

deaand'Or of cots of cLange.

b) On Transitory Variation in Nwiand

We may expect that in the short run the estalolisaments have adjusted

themselves to what they consider to be noimal or '"permanent" demand for

goods .1)	
L)The actual demand ' ,lay, however, show shor. run variation that

are not easily predicte:ble. To some extent inertor_es can serve as a

buffer towards such variations, but its absorbin:_, capacity is generally

limited. If a slack in the demand canno-,, be  

1) Same establishments may rather have adjusted themselveS to a nortal
supply of materials. This is presumably true for units which get
materials from primary production, or such industries as Slaughtering
and Preparation of Meat, Dairies, Canning of Fruit and Vegetables,
Canning of Fish and Meat, Fish and Herring Oil end Meal Factories etc.
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absorbed by inventories it must necessarily, result in a reduction of the

capacity utilization. 2)

There are, however, no information a.vailable to us about differences

in the capacity utilization, either across establishments or over time.
charaateristics

The question is, therefore, if any of those/actually available are affected

by transitory variation in de:land so that any variations in the capacity

utilization could be traced indirectly. Clearly, as pointed out, variations

in the inventories of finished goods is one such variable. But that one

is of minor interest in this context as it reflects that part of transitory

variation in demand that does not imply variations in the capacity

utilization. There is, however, another information; repairs and maintenance,

that may tell us something about variations in demand that cannot be

absorbed by inventories.

Some current repairs and maintenance have always to be carried out

to "keep the wheels going". These will be assumed to be proportional to

the capital ,stock. 3) But for some of the repairs and maintenance there is a

general flexibility as concerns when to carry them out. Particularly if

they imply a break in production it is profitable to carry them out, if

possible, in a recession so that current demand for a while can be dealt

with by means of inventories. This is a ,fortiori true as establishments

often prefer to let it be done by their own labour power that otherwise is

engaged in pure production activities.

This leads us to try repairs and maintenance, or more precisely

T=I /K as a variable taking c..11re of variations in the capacity utilization

due to transitory variations in demand. Provided that :the assumption about

the role of this variable is true, and provided that it does not reflect

other nisspecifications we'll expect it to get a significantly negative

2) Variations in the capacity utilization due to variation in the demand
are usually considered to be a time-series phenomena. But no doubt,
having production'units with different locations, vie maai- quite well have
differences in the capacity‘utilization,across, units due to factors that •
affect the net 	 of their ,goods differently. And thia is obviously.
true for 'some units which have adjusted 'thdmselvés to a normal süpply
of materials suchaas'Fish and Herring 'Oa and Meal Pactories.

3) They do, however, quite probably depend on the age-distribution of the
capital stock, But this effect cannot be taken properly care of by the
present kind of data.
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P
is new investment goods and is the.esti	 ..mated depreciation ratio T)

According to the presumed role of these variables, we Shaul_ expect . that,

when including them in the production • function their coefficients should get

significantly negative coefficients provided that the costs of change.

hypothesis is valid. The results of these computtiona are presented in. the

next .section.'

If an establishment wants to hire more workers, or in particular

to expand the capital stock (a_ both), resources like organization and

administra ion etc. have to be allocated to this purpose, resources that

otherwise could have been used for currcnt production. This is roughly the

basic idea of the theory of adjustment costs or costs of change; that there

are specific costs of changing the scale of operation. 4) 5)

The ad hoc procedure adopted to investigate the importance of this

theory for our model specification we introduce into the production

function ratio-variables expressing change in the scale of operation»

The variables that we can think of in this context are (I - ASK)/K and
reslopctivelv,

(N - Nt 
1
 )/N

 1' where K and I' are capital stock and number o amp_Loyees

17i

coefficient in 	case	 transitory variation in demand is of some

magnitude. Even if the first pres'JL:Iption is true thic is, however, a very

weak test as the second quit- probably is not. 7his is subject of some

comments in section d) of this appendix where the results of our experiments

of the repairs and maintenance variable are presented.

c) On Co ts of Change.

justnent costs and the Theory of dupply' The. Journal of
1967. See also M. Nerlove "Estimation and

lobb Douraasyrodur,tion,Functions". North Holland Publ.
Co. 1965, a.d	 Hodgins;H7ön Es -amatini the Economics of Large Scale
Production, Some Tests on Data for the Canadian Manufacturing Sector.
Ph.D. disserf,at -7 on, Chicago l9

5) In addition to an assumption of costs of change a long run profit function
is introduced. Thus it is assumed that resources are allocated to the
purpose of changing the scale' of operation to an extent that maximizes
the on run (or multi-period) profit, if necessary ,on the exp nce of the
short run (or one-period ) profit.

6) Both I , ASK and N-  N	 were tried but 4 dn t yield results superior to
1the ra -€io-variabls.

7) Cf. Section h.iii) of Appendix

• Cf. R. Luers:
Political :Econom
lu'r+ification o
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d) The Results

To reduce the distortion of the estimates of the parameters of

the variables under consideration, due to poor quality of the reporting

we introduce a couple of dummy-variables. When analysing the effect of
I
RT = /K we also include:

11 when I
RF

T 
=

LO when 	 >

In Table A.V.1 where the results of these variables are presented, the

percentage of FT  1 (or I = 0) is also reported. In the same way,T 	 R
when analysing the effects of C 	 - 6X we introduce the dummy-

variable:

- 	 fa. when I 	 =
=

C	 O whexii > O
P

The findings of these variables can be summarized in the following way:

We get little support of the transitory variation in demand-hypothesis,' and

no support for the costs of change hypothesis. We get in fact that the

coefficient of T is significantly positive for eight of the individual

industries as well as for Total Mining and Manufacturing. It is negative

and significant for one industry only, namely Electrical Machinery. On the

other hand F
T
 is significaetly positive for seven industries and for Total-

Mining and Manufacturing. The results of that variable thus yield a'slight

indication of that there are some variation in the capacity utilization due.

to transitory variation in demand that can be traced by means of repairs and

maintenance.

The results of T are rather puzzling as we in addition to a nega-

tive effect due to transitory variation in demand also would expect a nega-

tive effect as units with predominantly old capitelhave more costs of repairs

8) There is an argument of defining this dummy-variable in the following way,
flF - 	

w
wh
	-hen
en (I - AK) 0 	 it

P 	 as then at least, partly could have absorbed
C 	 k0 	 (I 	 AK) > 0P

the effects of any asymmetry of the costs of change function. Mat is, a
cost function that is positive when C is positive, but zero when C is
zero or negative. But quite probably this does not natter much for the
results.

0

0
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TABLE A.V.1 

Results for the Cobb Douglas Relation with Variables Presumed to Reflect

Transitory Variation in Demand. *

Industry lnL MSE
Number of

= 1,in

-0.009

(0.005)

-0.001

(0.022)

-0.112

(0.015)

-0.085

(0.022)

-0.033

(0.022)

0.121

(0.025)

-0.115

(0.015)

0.029

(0.017)

-0.027

(0.019)

0.104

(0.022)

0.052

(0.027)

-0.047

(0.019)

0.080

(0.021)

0.062

(0.028)

0.084

(0.012)

-0.057

(0.048)

0.286

(0.007)

0.309

(0.041)

0.416

(0.027)

0.280

(0.035)

0.097

(0.024)

0.223

(0.040)

0.336

(0.025)

0.153

(0.024)

0.237

(0.038)

0.339

(0.037)

0.314

(Q.039)

0.134

(0.034)

0.037

(0.041)

0.037

(0.044)

0.089

(0.021)

0.376

(0.062)

1.722

(0.146)

0.794

(0.417)

2.632

(0.450)

3.767

(0.832)

1.770

(0.430)

1.047

(0.784)

1.035

(0.219)

1.985

(0.898)

4.339

(0.916)

3.772

(0.650)

4.950

(0.688)

0.167

(0.629)

0.134

(0.836)

-4.184

(0.839)

0.065

(0.408)

5.140

(3.392)

0.077'

(0.016)

0.242

(0.086)

0.148

(0.047)

-0.062

(0.064)

-0.059

(0.041)

0.268

(0.073)

0.006

(0.044)

-0.030

(0.040)

0.105

(0.087)

0.239

(0.077)

0.434

(0.072)

0.139

(0.051)

0.056

(0.061)

0.079

(0.080)

0.082

(0.040)

0.269

(0.187)

Tot. Min. and Man.

Mining and Quar.

Food Products

Textiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Mineral Prod.

Basic Steel

Metal Prod.

Non. El. Mach.

El. Machinery

Transp. Equipm.

Misc. products

	

0.276 	 20.9

	

0.182 	 19.2

	

0.435 	 24.6

	

0.146 	 19.3

	

0.131 	 20.6

	

0.277 	 26.2

	

0.166 	 11.9

	

0.119 	 25.0

	

0.487 	 14.7

	

0.187 	 15.7

	

0.174 	 13.2

	

0.169 	 22.8

	

0.138 	 18.3

	

0.219 	 16.0

	

0.148 	 31.8

	

0.408 	 34.2

* Method of estimation: Ordinary least squares.



Costs of Change 

lnLIndustry
MSE no of

F
C
 = 1

in %

-0.014

(0.005)

-0.006

(0.026)

-0.112

(0.016)

-0.081

(0.024)

-0.053

(0.024)

0.097

(0.028)

-0.130

(0.017)

0.036

(0.018)

-0.063

(0.022)

0.104

(0.027)

0.105

(0.029)

-0.044

(0.020)

0.062

(0.024)

0.028

(0.030)

0.082

(0.011)

- 0.023

(0.052)

	

0.272	 0.175

	

(0.007)	 (0.042)

	

0.280	 0.097

	

(0.040)	 (0.296)

	

0.375	 0.105

	

(0.026)	 (0.064)

	

0.281	 0.465

(0.034) (0.241)

	

0.069	 0.054

	

(0.024)	 (0.173)

	

0.178	 0.719

(0.039) (0.288)

	

0.291	 -0.164

	

(0.023)	 (0.181)

	

0.144	 0.050

	

(0.023)	 (0.151)

	

0.188 	 0.488

	

(0.037)	 (0.292)

	

0.303	 0.983

	

(0.039)	 (0.297)

	

0.204	 0.338

	

(0.037)	 (0.242)

	

0.137	 0.396

(0.034) (0.192)

0.044 0.503

(0.038) (0.267)

0.108 -0.214

(0.043) (0.367)

0.090 0.054

	

(0.022)	 (0.155)

	

0.394	 0.054

(0.063) (0-770)

- 0.042

(0.016)

0.039

(0.087)

0.006

(0.045)

- 0.137

(0.055)

- 0.161

(0.044)

0.072

(0.070)

-0.131

(0.039)

- 0.025

(0.039)

-0.272

(0.074)

0.017

(0.090)

0.452

(0.102)

0.141

(0.053)

-0.060

(0.071)

0.001

(0.127)

0.076

(0.040)

0.283

(0.127 )

0.280 22.1

0.188 22.7

0.445 26.6

16.30.152

0.134 20.4

0.282 38.8

0.168 23.4

24.50.121

0.489 27.6

0.149 15.7

0.192 5.8

0.169 18.7

0.136 13.8

0.244 5.6

0.149 25.0

0.407 23.9
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TABLE A.V.2

Results for the Cobb Dou las Relation with Variables Presumed to Reflect

Tot.Min.and Man.

Mining and Quar.

Food Products

Textiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Mineral Products

Basic Steel

Metal Products

Non.El.Mach.

El.Mach.

Transw.Equipm.

Misc.Products

• Method of Estimation: Ordinary least squares.



and maintenance than those with new capital; thu is, kind of an adverse

embodyment effect. Presumably the positive coefficients of T reflect a

positive correlation between good management and good maia - enance and that

this effect overshadows completely any negative effects due to transitory

variations in demand.

The results of C are basicly the same as those for T, but there

are only three industries with a significantly positive coefficient of C.

And there are four industries with a significantly negative coefficient of Fc .

Therefore, except for Basic Steel and Mineral Products that have a signific-

antly positive coefficient of Fc , there is no support at all of the costs of
9)change hypothesis.	 And even for the two industries mentioned the evidence

of the validity of this hypothesis is rather weak.

The generally positive effect of C may be explained in two ways.
0First there may be an embodyment effect of current investments. -1

And therefore the inclusion of current investments in our

'recentness"variable of section V.d would probab1y distort the results.

Second, as the effect of C is mainly determined by the across dimension of

our data the results of that variable too may reflect variation in manage-

ment across establishments; units with good management may have a higher long-

run profit-maximising growth rate than those with poorer management.

Finally we noue that by comparing the results of Tables A.V.1 and

A.V.2 with the OLS-,metod results of Table 111.6 we can conclude that the

variables introduced into the production function to analyse transitory

variation in demand end costs of change have very little impact on the

estimates of the factor-elasticities. .Lhe main effect of them seems to be

that T and F
T twist the estimates slightly; for most inlustries the estimate

on the capital elasticity is somewhat higher, but the estimate on the estimate

on the elasticity of labour is correspondingly lower, leaving the elasticity

of scale approximately unaffected. Therefore, whatever is the proper inter-

pretation of the variables analysed they seem at least to have little or no

importance for the results of our main rac>e,.

N	 N
t 19) The results of	 are not presented here as the performance ofN

t-1
that variable is evenpoorer than that of C and F. And its results yield
even less support to the hypothesis under consi f.ation.

10) But this does not invalidate the argument put forward previously that
some of the current investnents reported do not add to the productive
capacity of capital of the same year. Cf. Section h.ii of Appendix 11.7.
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APPENDIX V.2

TABLE A.V.3

Simple Correlation Coefficients Between the Level and Trend of Some

Central Variables

Industry

Sim le Correlation Coefficients Between

ln V.,v. n L., . I ln K.,k. S . SMi' Mi
. ., S .

Li

Tot.Min.and Man.

Mining and Quar.

Food Products

Textiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Mineral Prod.

Basic Steel

Metal Prod.

Non.El.Mach.

El.Mach.

Transp.Equipm.

Misc.Prod.

0.1029

0.2755

- 0.0342

- 0.1454

0.2784

0.4482

- 0.2207

0.1033

0.0327

0.5701

- 0.3355

0.0810

- 0.0329

- 0.0216

0.1593

- 0.1288

0.0613

0.1986

0.0348

- 0.1741

0.1040

0.1374

0.0807

0.1214

0.1254

0.3684

-0.2018

-0.0412

- 0.0460

-0.3779

0.1425

0.2043

0.0787

-0.0057

0.1059

- 0.1340

-0.1745

0.2905

0.0986

0.2273

-0.1127

0.4652

0 . .0671

- 0.0699

- 0.1804

0.0538

0.1392

-0.1767

0.0839

0.0601

0.1703

- 0.1369

0.0348

0.1475

0.3931

-0.0909

0.2144

0.3159

-0.1091

- 0.0205

0.2352

- 0.1708

'0.1470

-0.2270

- 0.2891

0.0677

0.0133

0.5818

0.7259

0.8053

-0.7681

0.5784

- 0.9268

0.5787

0.0603

0.2590

0.3648

0.7565

0.3214

- 0.2463
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Chapter VT.

SU:WIRY AJVD CONCLUSIOUS

As has been pointed out in ,,na ter I three of the mali aims of this study are

to gain experience and insight in the use of large bodies of micro data it econom&i.

tric studies of production todels, in addition to what'is obtained by the Census

study; to explore some of the central issues of that 	 study by the empirical

base available to us in the present one; and to compare t1iz.. filidngs of the two

studies to find:out whether thy conform or not. The outcome of the latter ait

is left to an appendix of this chapter where the results are reviewed by industry.

- Due to the first aim, Which is also the general one a fairly detailed analysis
here

of data is carried out in this Study. ;Ind due to ais two and three we will/review

the main empirical pro—Lems of this study and compare the data quality of this

study with that of the Census study.

The great advantages of the present data as compared to the Census- tudy

data are supposed to be that we have observations for more than one year for each

production unit and that the present study covers larger units, the data for which

are considered to b - of generally better quality than those of smaller ones.

But there are a variety of reasons why our data are not significantly better,

neverthelesS;

a) As pointed out in Appendix 11.1 there are cLviously a number of time

series refering to different physical units at different times.

b), As compared to the Census study we use a =CA rousher classification of

industries. Thus our samples are möre heterogeneous .

c) We have made a f-w:corrections of the characteristics reported, in cases

when the units would have been excluded if havinr , adopted the saue approach as in
2)

the Census study.

information about subsidies and duties are missing for 1959 and 1960.

As we would like to have an o ,,tput measure in fa tor-prics to let it conform

as closely as possible to the output-raeasure of the Census,study we have calculated

the missing values of subsidies and du les.

•• •

1) Cf. • Appendix 11.2 for the industry classification used, and cf. Section
II .c about the reasons why this indusiry classification is adopted.

1) Cf. Appendix 11.3.
3) Cf. Appendix 11.4.
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e) Time series data requires information that is not considered to be so

demanding in pure cross-section data, namely about prices. The price data used

are, however, rather poor of two reasons: First they are indices for production

sectors covering a wide range of goods and not neccesarily the same as the mix

of goods of the units of this study. 	 Second for some

sectors the price index of output is constructed by price data for inputs of ma-

terials and labour without correction of changes in the price of the latter input

due to improvements in efficiency. This leads to an overvaluation of the growth

in output price and using this index to eflate output in current prices implies

that we undervalue the growth in 'real" output.
4)

f) The time-dimension does also cause troubles when trying to obtain a measure

of capital input. First, as for output and inputs of materials we need price data

to deflate the capital data so that they refer to a common price base. For this

purpose a price index of new capital goods is applied. And this index tends there-

fore to overstate the true increase in prices of total capital stock as the price

index is not corrected for quality improvements. Thus by using this index to de-

flate our capital data in current prices we tend to undervalue the growth of capital

over time. Second, we need a depreciation rate to obtain capital data for all
5)

years. 	 And we use a common depreciation rate for all units, and thus it is

neither establishment - nor even industry - specific. Third we have little

information of capacity utilization and its possible variation over time. Fourth

we use generally a rougher capital input measure than the one of the Census

study. We use capital stock (in "constant prices") while in the Census study a

more establishment specific measure was applied, as machinery and buildings were

given different weights. In addition inventories and computed value and operation

costs of cars (with proper wights) were included in the capital measure of that

study.
6)7)

4) Cf. Appendix 11.2 and 11.5.
5) Cf. Appendix 11.7. 	 •

6) Cf. Appendix 11.6.
7) It should be added here that the calculation missing capital values presen-

ted in Appendix 11.7 does not in itself lead to poorer capital data. It
is true that the "estimates" obtained are poor, but as is shown this is
mainly due to poor quality of the data reported. Thus we probably neither
gain nor loose anything as far as the quality of the capital data is
concerned. But all in all there is a net gain by calculating missing
capital values as we get more degrec_s of freedom.
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These are sources of errors present lu our data, but not present in the data

of the Census study. Thus the a' vantaces of the present data _em to be more than

outweighted by the disadvantages due tu :ore serious measurement errors.

In the Census study two types of errors u..re consideeaed to be particularly

serious, namely quality variations in labour input not accounted for by the Lsure

applied and presumably random errors of measurement in capital. As the same labour

input measure is applied by us the first error is also present in our data. But

there are no particular reasons to '-elieve that this error is more serious in

study than in the Census study. :here are, however, reasons to believe that the

errors in the capital measure are more ser;.ous in our Zata. We have the advante3e

of larger units with plesumably better quality of reportins, also concerning tlie

capital data. Put on the other hand we have the errors pointed out in f) above

that quite likely outweight that advantage.

The more or less random errors in out2ut and wares clo also s eem to be more
while

serious in our data, /the quality of the labour input measure -

may be better due to better reporting by

ne unies of our stud -

But all in all, as far as, the estimation of production function parameters is

concerned there is no basic difference between the data problems of the two studies

The main errors are in this study also quality variations in la'aour input and rant

errors in the capital measure. The random errors in output and wages are not

so rauch more serious that this fact coi;ld be altered:'

Chapter III of this study is devoted to the analysis of the effects of the

two main errors with the main model; the Con-7;f uelas production function and

the ACHS behaviour relation as the frame for the Jiccussion. 	 If the variables

were measured without errors full information methods like indirect least squares

would yield consistent estimates of the parameters of that mWel, namely the

8) As a summary presentation of the behaviour of the main variables we have
in Appendix 11.8 compu .tecl some basic characteristics for them. These
aample-atatistics are also of same use as a supplement to the reaults
in the following chapters, as they are also supposed to tell us quite a
lot about the structure of the industris covered hy bur study. Thus we
have in the appendix to this study, where the finjin3s are surveyed by
industry, also included some of the contenta of Appendix 11.8.

9) Cf. Chaptei I.
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factor-elasticities (and thus also the eeAlcity of scale) and the elasticity of

substitution. Now it is shown in that chapter that the errors present lead to

highly biased full information estLuates. It is also shown that ordinary least

squares on the production functioa generally will yield better estimates, even if

these estimates are biased both due to she errors present and due to simultaneous

equations.

An alternative to full information methods to take care of the simultaneity

of the model is analysis of covariance of the production function. But it is

demonstrated in Chapter III that this method is also extremely vulnerable towards

measurement errors. This is shown in two ways. First by pointing out the unrea-

sonable differences in the estimates obtained by using covariance analysis as com-

pared to the OLS estimates. And second by tentative computations of the biases

due to errors of measurement in labour and capital, showing that these biases are

substantially more serious when covariance analysis is applied as compared to those

present when OLS is applied.

The second half of Chapter III is devoted to various ways of eliminating the

OLS-biases of the estimates on the factor-elasticities due to simultaneity and

errors of measurement, and we end up with a slightly modified version of a method

applied in the Census study. This method implies that the elasticity of labour

is estimated by a particular factor share method and given this esanate, the

elasticity of capital is estimated by using size-dummies as an instrumental vari-

able for capital. By this method we are able to reduce or eliminate the effects

of simultaneity and errors of measurement in capital, but not the effects of the

errors in labour. We try to take care of these effects too by adopting a labour

input measure that is consistent with the assumption made in the bias-computations

of the OLS estimates about the behaviour of the errors in the labour measures.

Namely that the quality component of labour (Which in our case is.equal to the error

component) is perfectly correlated with the observed wage rate. But even if this

assumption uay be good enough for tentative bias calculations it is rather extreme

to adopt when trying to obtain estimates "free" of biases due to errors in labour

also. Therefore we are inclined to believe more in the factor share size-dummies

results when not taking errors of labour into account. It should be noted, however,

that for most of our industries it does not matter much what we do, as the effects

of errors in labour are rather small for these industries, provided we have

"eliminated" the effects of simultaneity and errors in capital.



Due to the particular type of errors of leeesurement in labour we have also

serious problems in identifying the elasticity of substitution fram the CICIIS re-

lation. It is easily shown that ti (-e errors tend to bias the estimate on that

parameter towards our. Therefore we also try another method of estimating  the

elasticity of substitution, namely 7.ey th socallee Kmenta aeproximati nwhich is

a Taylor-expansion of the CES-relation around the velue oi one of the elasticity

of substitution, corresponding to the Cobb-Douelas case. As the square of the

capital-labour ratio enters this relation errors of measurement in capital

are even more serious in this relation. By some e:,712eriments with this relation
ou

carried out for Total Ainin and lianufacturing we try to figure /the Importance of

both simultaneity and errors of measurement in labour and capital. The result

rather uniformly suggest that the ela ticity of substitution is fairly hieh. On
result

the other hand this does not correspond quite well either with the ACeiS relation

or the results obtained for that relation ns well as the Kmenta approximation in

the Census study.

Apart from the results of the Kmenta relation for the elasticity of sub titu-

ti6n the results of the two studies concerning the production function parameters

conform fairly well. There are deviations for bor.e industries, but these can be

easily explained by differences in the empirical bases of the two studies.

Chapter IV covers aim 4; to explore the possibilities to use multiple testi

procedures Tellen 'fishing" in data. As illustrations we apply such procedures to

determine the nature of any variation of the error mean across establishments and

over time within the frame o an analys!..s of covariance model for each of the two

relations of Our min model. The outcome ot these tests strongly underline the

heterogeneity of eur sam lee previously pointed out. For all industries, a,

Loth for the production relation and the oehaviour relation the error mean is

establishment-spe6ific; it does not vary between sebindustries only. ndwe do

also find that for most industries differences over time in the error mean of the

production function can b-:tepresentte by a trend. But except for a few iadustries

there are no variations Over time of the error mean of the behaviour relation.

Multiple tet procedures are also tried in more complex situations where

t only the error mean (or the intercept) but also the Slope coefficients are

allowed to differ. The analysis is carried out for Tot-1 ilinins and Manufacturing

and the findings suggest that there really are differences in the production

function parameters across iadu ,- tries. There are also sorte suggestions of non-neutral
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technical change in these results, but this is an issure dealt with more in details

in Chapter V.

Chapter V covers aims 5 and 6 as it Aeals with the problems present when tryin .c;

to identify the importance and nature of technical change in Norwegian mining and

manufacturing industries by our data. Particularly due to problems of deflatinc

outputs and input of capital, variations in capacity utilization not taken into

account and imperfect knowledge of depreciation our calculations must be rather

tentative. But in this chapter we manage to demonstrate, I think certain important

aspects of the measurement of technical change, and we also demonstrate same methods

to determine the nature of technical change that may be of some use in situations

related to the present one.

First we show the importance of consistent estivation of factor elasticities

in the computation of technical chance. Here the advantages of a cross section

of time series are apparent. Having aLe3resate data for the variables used i.e.

pure time series data we would have had even more serious difficulties in getting
1)reliable estimates on the parameters)	 At least we could not have used the

method that seems to be the 	 better one 	 given the variable measures available, 12)

Second we show that using the direct regression results of the production

function with a residual trend when having a cross section of time series implies

a not quite reasonable method of aggregation of the variables. That is, a growth

rate of a certain variable of an establishment has the same weight in the total

whether the establishment is small or large. A more conventional method of ag-

gregation is to use arithmetic sums over establishments for the variable values.

This method of aggegation implies that the aggregate growth rates are weighted

sums of the individual growth rates with weights equal to the shares of the

respective variables in the corresponding aggregate. For an industry as a whole

the later method of aggregation is the more reasonable, and it is also the one

pure time series data uswlly is basel ou.

It is demonstrated that at least for some iadustries it makes a substantial

difference whether we use unweigle!7ed or weighted growth rates. And we conclude

that the later ones together with the factor share size-dummies instrumental

variable method of estimating the factor elasticities yield the more reliable re-

sults both concerning the contributions to ,growth from labour and capital and the

importance of technical change.

11) Some experiments carriee out on pure time series (i.e. aggregates of
our data) suggest that for that kind of data the pure factor share method
is the only one that works. This method ueed5not be too bad, but we
loose the effects of any increasing or decreasing returns to scale that
in fact seem to be 	 important for a number of our industries.

12) Cf. Chapter III.
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Third same further experiments are carrie ,1 out with the CES relation trying

to de ermine the nature of technical change. . We are not very successful, however.

And we try an alternative approach by carrying out some calculations on a genera-

lized Cobb-Dowlas relation, i.e. when both the intercept and the factor-elasticities

are allowed to vary with time. In this context it is of particular interest to

find out whether technical change is capital or lal-our saving rather than neutral.

We also experiment with multiple test procures related to those applied in

Chapter IV.. The outcome of the calculations show that for most industrie- tech-

nical change does not seem to be neutral. But for same of the industries the fin-

ines are rather ambiguous concerning the nature of non-neutrality.

Fourth we try to attack the issue of the nature of technical chance by in-

vestigating the importance of 'recentness" of the capital stock. This is a ten a-

tive test of the emboament hypothesis as if it istrue recent vintages of the

capital stock are more productive than older ones.

the analysis is that for most industries tere is

hypothesis.

Fifth

outcome of this part of

some support at least for this

may loose information about some of the technical chanse taking place in

Norwegian mining and manufacturinc,.-imiustries. By using a production function

with gross production rather than value added  as output measure we may analyse

the role of materials and any changes of this factor's position over time.

Judged by materials' share in gross preuction there is a significant ten-

dency of materials saving technical chanee for aliout half the industries as for

these the share of materials shows a significantly negative trend. Using a

generalized production function of a relatecl type to ehe one used in the value

adled case this finding is confirmed fDr TcLal Zi,,eng and Ilanufacturing.

Sixth we try to explore the differences in degree of technical change between

units by differences in level of efficiency and differences in the levels and

trend of tlie factor shares. Even if we get significant coefficients in most case
much of the differences in degree of .we lo not really manage to explain/technical change between units. Evidently

errors of measurezent account for much of these differences.

Seventh and finally we have tried to trace the effects of transitory varia-

eion in demand and costs of change by some tentative calculations. We are not

very successful, huwever, due to errors cf measurement and certain problems of

interpretation of the result.

All in al if the success or failure of this study should be measured by
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number of unambiguous conclusions concerning the production structure, economic

behaviour of production units and importance and nature of technical change in

Norwegian mining and manufaeturing industries we aLe at least closer to a failure

than to a success. Nevertheless at the present state of applied econometric

research it must be of interest and value to learn about the qüalities and defects

of new bodies of data. This is probt..ly the only way open if we will seriously

try to bridge the gap between econcmic theory and the realities around us.

We have demonstrated that ev_n for very simple models we are in serious troubles

when trying to identify the parameters. In the first part of this concluding

chapter it is implicitly summarized the i2provements of data that would be necea-

sary, or in same cases at least desireable to manage to carry out a successful

econometric analysis of the models presented.

We must admit, however, that our models may be undue simplifications of rea-

lity. Particularly there is a need of introducing dynamics, both in the assumptions

of the production structure and in those concerning behaviour. But we know that

such models are even more demanding concerning data. Thus at present and probably

for a long time the rate of development of applied econometric analysis of

production models is primarely determined by the rate of improvement of data.



App ndí VT..,

SUMVARY OF TEE: MAIN FINDINGS BY 17.7DUE:771

a. Introduction.

As we have carried out most parts of our explorations for fifteen individual

industries there may Se a need for a summary of the findings by industry. It is,

however, rather difficult to present the results in -loles by industry as the cal-

culations carried ut ire of widely different naturs. nus, instead another

method of presentation is tried. - •

, this appendix it is of main interest to throw some further light on the

differences between the industries. Thus issues explored which lead to largely

similar'results for the various industries, such as the outcome of the multiple

tests in chapter IV, are ignored in this context. And instead of reproducing

the estinates or various numbers calculated ut rake a ranking of them, fram 1

through 15. In case the estimates or nu7lbers theraselves are of particular interest

they will be referee to in the text.

In five tables rankings of the results considered to *De of most interest

are presented. In this way we summarize in Table A.VI.1 the results of Appendix

1103 e namely the mean values, growth rates and slope-coefficientci from regressions

on irai of the seven main variables of this study. In Table A.Vi2 we have a

corresponding ranking of the estimates on the capital and scale elasticities of

the CobbDouglas relation obtained by the OLS method and the Klein Wald method

of estimation. In the same way we have in Table A.VI.3 a ranking of the esti-

mates on the elasticity of substitution obtained by covariance analysis of the

ACHS relation. After all these are the only e ,rmates obtained on that para-

meter that nake sense as the results of the Kmenta-relation cane out to be

generally very poor. We cannot argue that one of the four sets of estimates

reported is "better" than the others. But an evaluation of the four estimate s

tosether may allow us to conclude sol'a hins; for some industries about the probable

level of the elasticity of substitution.

The two concluding tables refer to results obtaine., in chapter V. The first
. 	 .

one, Table A.VI.4. - prozents a ranking of the . unweighted arid weighted

rates of value added, - leour and capital ne in the final one, Table A.71.5 we
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Mining and Quar. 	 6
	

9

10

7

11

12

13

12

o

14

2 	 9

3
	

3

1

13
	

li

2

3

14
	

15

1,3

Table A.V10

Ranking of OLS and Klein Wald Estimate,
1)

of the Capital and ScaL—Elastici—ies.

F —.--

LS est. 	 Klein Wald est.

Food Products 	 I 	 15

Textiles 	 5 	 9

Clothing 	 14 	 12

Wood Products 	 9 	 7

Pulp and Paper 	 4, 	 13

Printing 	 10 	 6

Basic Chemicals 	 o 	 14

Mineral Prod. 	 3 	 1

Basic Steel 	 7 	 4

Metal Prod. 	 .L.1 	 10

Non-El. Mach , 	 15 	 3

El. Mach. 	 19 	 7

Transp. LAquipm. 	 13 	 5

Misc. Products 	 2 	 11

1) Cf. Table 111.6

First estimate in the rank below one.



Tab7(-3 ,1 .71 .

Ranking of tiio Covarianc :alysis Ectimates of the

Elasticity of cubotitution from the AOIS Relation 4 1)

.............___........_,

Industry
__ 	 .---.-

1

IT;) 	 eff. 	 1 	 T 'eff.
elimin. 	 1 	 elimin.

.

E-eff.
elimin.

E and T
cf f,
cumin.

_......

Mining and Quar. 3 i 	 12 6 15

Food Products 4 5 14 13 	 .

Textiles 5 4 0 6

Clothing 11 	 . u 12 J .

Wood Products 2 2
*7*

Pulp and Paper 13 1C 15 11

Printing 16 . J 	 9 10 10

Basic Chemicals
1

6 6 13 12

Mineral Prod. 1 1 5 : 5

Basic Steel 9 i 	 11 11 14

Ifetal Prod. 14 I 	 15 4 3 f

Non-El. Mach. 12 . 	 13 3 2

El. Mach. 7* 1 	 7
1

1 	 3 8

Transp. Equipm. 15 1 	 14 	 " 2 	 I 4

Misc, Products 3 3 1 1

1) Cf. Table 111.2

* First estimate in the rank 7 lOW one.
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2a:97,3 A-",%4.- 	 .

Ranking of Unweighted u,g, Weighted Growt,l-RaL,Ps

for TlaZue Added, raboL:2 and Capital.

Unueihted 	 Weighted
growth rates 	 ,7rowth rateq

Value I Labour iCapital 	 Value 	 Labour 	 Capital T
added ! input
	

input 	 added 	 input 	 input
Industry

:linina_ and Quar.

Food Products

Textiles 	 12

Clothing 	 14

Wood Products

Pulp and Paper

Printing 	 1

Basic Chemicals

Mineral Prod. 	 13

Basic Steel 	 2

Metal Prod, 	 7

Nou-El. Mach. 	 11

El. Mach.

iransp. tquipm. 	 10

lasc. Prod. 	 1
,

1) The unueighted growth rate is computed as the OLS estilate on " fron th
regression La.It = a +atill, while the weighted growth rates are computedo 	 it
as the OLS estimate on b from the regression ln(EL) = b -1-bt+u 	 Cf.i it

First neative number in the rank.

•	 Tr 1Sect ion
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Table 4.VI.5
Ranking, of Ca' -4ated ContriDutio”s to Growth from

Edu; Capjtc and 54ifts".

13

14

9

11

12

3

8

15 	 4

2

10
* 	 • 6

13

14

11

•	 •••••

	12	 13

10

15
*

2

14

	

15* 6 	 8

7

12 	 13

	

1 	 1

14

9

11

12

3

4

••••••••...

Industry

Mining and Quar.

Food Products

Textiles

Clothing

Wood Products

Pulp and Paper

Printing

Basic Chemicals

Mineral Prod.

Basic Steel

Metal Prod.

Non-El. Mach ,

El. Aach.

Transp. Equipm.

Misc. Prod.

••••	 •	 •

	6 	114

	

9 	 12*

	

13 	 13

11

	

3 	 15

15*

2

	

14 	 10

5

	

3 	 .4

12

	

7 	 11

10

1

;15

7

11
	

10
*

8

11

12

10

15

13

1

4

3

2

14

Weighted
Unweighted gro-wta-rates growth-rr:

OLS-method 	 Klein Wald-method klein Wald
of estimation •! of estimation 	 of est ÌL

our 	 tal fSkii2"'
 Lab- Capi-Lab- Capi- 	 Lab- Capi
our 	 tal 

'Sifts"
our 	 tal r

11

13

14

3

10

15
*

6

12

13

'15

1

10 .

11

14

12

2

1) Cf. Tables V.1-3.

* First negative number in the rank.
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have a ranking of the calculated contributions to growth from labour capital

and "shifts" according to the remats obtained Nijila using unweighted growth

rates and the OLS and .klein Wald 'methods of estimation and when using weighted

growth rates and the latter method of estimation.

In addition we will also refer to the findings concerning the nature of

technical change.

To same extent our findings about the production function parametcs will

be compared with the corresponding results of the,;,ensus study, for industries

covering approximately the same industry groups in the two studies. There

a number of reasons why eNr.m for these industries the results may be quite

different. But anyway such a comparison may be of same iaterest.

b. Mining and Quarrying.

Mining and Quarrying is that cf our fifteen industries which has the lowe

mean value of the materials labour rr:tio and materials share in gross product-

ion. On the other hand it ranks third concerning average value added producti-

vity of labour and second concerning wages. It has also the lowest (and

negative) unweighted growth rate of labo%r input while only one has a lower

weighted'growth rate of that variable. The growth rate of capital input drop

fram rank 7.to rank 12 when turning fram unweighted to weighted growth rates.

The (unweighted) growth rates of the materials labour ratio labour e s share in

value added and materials share in gross production are also quite low, with

rank 13, 13 and 11 respectively. We also note thab Mining and Quarrying rant$
concerning

second	 the growth of the capital	 labour ratio wi/	 th

size. Probably there is a basic dif èrence between lining on one side and

Quarrying on the other not accounted for in our analysis.

The OLS estimate of the capital elasticity has a rank slightly below the

mean while the Klein Wald estima e has a higher rank. The estimate on the scale-

elasticity is slightly below one for both methods.

The covariance analysis'estimates of the elasticity of substitution sug-

gest that this parameter is below one. When eliminating year-effects the est

mates are among the lower ones obtained for any one industry.  In fact when

both year and establishment effects are eliminated it ranks lowest. In that

case the elasticity of substitution lso is significantly less than one.

The calculated contributions to gro77:-:h imply that labour has the lowest



198

rank when using unweighted growth rates and the second lowest when using weighted

growth rates. Capital's contribution as a fairly high rank when using the OLS

method of estimation and unweighted growt.,. rates. It is lower 	 using the

Klein Wald method of estimation for the same growth rates and it has a fairly low

rank when using that method of estimaton and weighted growth rates. In the latter

case contributions from shifts rank third among our fifteen industries.

The significantly negative trend of materials' share in gross production sug-

gest that there is a materials saving type of technical change in this industry.

At the "value added level" the results about the nature of technical change does

not tell us much. There is, however, a slight suggestion of capital saving tech-

nical change. The emb ,diment hypothesis has no support in our computations for

this industry.

C. Food Products.

This industry is rather heterogeneous, covering widely different activities.

In the Census-study sevenof the twentyseven industries were fram the 20- and 21-

industry groups. The results for these 	 industries were rather different, and

as we also bave a few units from group 22 in our Food Products industry we should

expect rather poor fit of our relations. And this is proved by the computations

carried out. Only one industry, Lasic Chemicals has a higher mean square errors

of the two main relations, the Cobb-Douglas production function

and the ACMS behaviour relation.

Table A.VJ,.1 tells us that this industry consists of mostly small units,

it pays low wages and has a - low share of labour in value added. On the other hand

it is the one having the highest average materials labour ratio and the highest

share of materials in gross production.

There is nothing particularly nota-worthy about the growth rates computed

except perhaps that this industry,if paying low wages rank four concerning growth

of wages over time, and also that it ranks third concerning unweighted growth  rate

of value added and fifth concerning the weighted growth rate of that variable.

But the variation of the main variables along the size-dimension is rather

peculiar, except for labour's share in value added. Both average productivity of

labour, the capital labour ratio the wage rate and materials share in gross

production vary inversely with *size. And as we see fram Table A.VI.1 the slope

coefficient for the wage rate rank 14 while the others rank 13. This does also

suggest that our Food Products industry is quite inhorogeneous.



199

Rather surprising1y,	 this intstr - 7 'elas tiee hug:lest estimate

the capital elasticity when using the OLS method. Tae esLîtate is also high, but

has a lower rank - when using the Klein Wald method. The estimates on th-, scale ela-

sticity suggest that decreasing returns to scale rules in this industry. The OLS'

estimate ranks 15, and the elasticity of scale is significantly below one according

to the results of that method. The Klein Wald estimate on that parameter does also

have a low rank, namely 13.

There is a basic difference in level of the covariance analysis estimates on

the elasticity of substitution when elhrinating establishment effects and when not.

In the first case the estimotes have a very low rank and the elasticity of substi-

tution is according to both sets of results significantly below one, while in the

latter case the estimates have a fairly high rank and the elasticity of substitution

is significantly above one.

As pointed out this irk., try is pretty heterogeneous and thus it is reasonable

to believe that taking out establienemt effects yields better estimates. Thus, if

anything our results suggest that the elasticity of substitution of this industry

is below one.

Due to the high OLS-estimate on the cnoital elasticity the contribution to

growth of capital using this method of estiation rank second. We also note from

Table A.VI.5 that irrespective of method of estimationn anc'. type of growth rates

contribution to growth form shifts has a hish rank.

Also for this industry there are suggestions in our results of materials

saving technical change, while there is no strong evidence against neutrality of

the technical change at the value aaled level. But there is some support for the

embodiment hypothesis in the re u.es of Section V.3.c for this industry.

d. Tax;iLes.

On the average Textiles has fairly large units as the mean value of labour
among

input rank hird / • our fifeeen industries. But the average productivity of labour

is low and the mean value of the wage rate is in fact the second lowest. But in

spite of the low wages in his industry the grouth in the wage rate is moderate.

On the other hanl labour's share in value added shows a fairly strong positive trend.

Textiles is the industry with the sharpest decrease in mater 4 al8'share in

gross production over time. This is also reflected in the low rank of the growth

rate of the materials labour ratio. These two variabiesdo also show a rather strong

po itive covariaelon with size, while this is cot true for the other main variables
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except for the capital labour ratio which also show3 a positive correlation with

size.

Using the OLS method the estimate on the capital elasticity ranks fairly high

while the estimate on the scale-elasticity has a rank below the average. According

to these results the elasticity of scale is significantly below ore, and the Klein

Wald method yields almost the same point-estimate. Thus there is evidence of

decreasing returns to scale in this industry. This does not correspond quite well

with the results of the Census study which suggested increasing returns to scale for

this industry.

Three of the four covariance analysis estimateson the elasticity of substi

tntion are above one. But none of theteeults imply that the elasticity of substi-

tution is significantly different from me at conventional levels of the tests.

These results at least corresponj quite well with those of the Census study.

The contents of Table A.VI.4 tell us that %.:extiles is a stagnant industry

as the growth rates computed for this industry. all have a low rank. So is true

for the contributions to growth of Table.A.VI.5 too.

As pointed out there is a e.71z,.rp decrease over time in materials share in gross

production suggesting materials saving teclInical change also for this industry.

At the value added level the finings about the nature of technical change are

ambiguous. The results of the multiple test of Section V.3.b. indicate, if anything

that technical change is neutral. The results of Section V.3.c. lend fairly strong

support to the embodiment hypothesis.

e . Clothing.

Like Textiles, Clothing is also a low-wage industry. In fact it is the one

having the lowest average wage re according to our computations. It does also

have the lowest average productivity of labour and the lowest average capital labour

ratio. Like Textiles, Clothing has a sharp decline over time in materials' share

in gross production and a low (the lowest) growth ratte of The materials labour ratio.

There is no tendency of an equalization over time of the wages of this industry
industries

and the other /as it ranks 12 concerning the growth of the wage rate. In spite of

this Clothing rank& third concerning the growth of labour's share in value added.

This industry is somewLet peculiar, in another way also as it ranks first

concerning the slope-coefficient of the size-variable 1nN both for the materials

labour ratio and materials' share in gross production.
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According to the results of the CobbDoug1as _elation when applying  the OLS

method this industry has very low elasticities of capital  and scale as the e tima

on them rank second and fourthiowest respective y. But this is one of the in-

dustries for which the net effect of Cie OLS oiases discussed in Chapter III seem

to be most importent. • When using the Kleie Wald method instead of OLS the estimates

on the elasticities under discussion are substantially increased. While the

results of the OLS meth imply that the elasticity of scale is significantly

below one the results of the lattermetho(!, suggest that It is above one. The latter

results correspond better to those of the Census-study.

The four covariance analysis estimates of the elasticity of substitution are

all below one. And whea no effects or E effects are eliminated this elasticity

is significantly below one. Thus these results lend relatively strong support

conclusion that in Clothing the elasticity of substitution is fairly low. The

Census study does, however, yield quite different results on this point.

Table A0VI04 teils us that like Textiles ClothE- is a stagnant indu try.

,nere is no basic difference between ut -meightee and weighted growth rates and

Table A.VI.5 tells us that the calculate(a contributions to growth aré low what-7

tlethod of estimation and type of growth rates are use-.

The findings about the nature of technical chan?: isrue suggest strongly that

it is materials saving, while at the value added level they are largely ambiguous.

But there is a slight support of the embodiment hypothesis in the results of Section

V.3.c.

fo Wood Products.

This industry consists of mostly small un 	 o It has also a low average

productivity for labour, a low capital/labovea ratio an pa ys fairly low wages:on

the average. Lut it ranks first concernin3 the growth over time in labour's share .
ain value added. On the other hand the materials labour ratio shows/fairly stable

pattern over time as the growth rate of this variable is the second lowest.

..rom Cie cPssons of the elain variables on the size-variable we note that

both the materials labour ratio and materials e share in gross production rank third
lowest 	 lowest
/ , while labour s share in value added ranks 	 / . he findings of the two share

variables suggest that there are soree heterogeneity alon the size-dimension in

this industry, both at the gross production level ane -t the value added level.

The estimates of the capital elasticities have eledium ranks while the esti-

mates on the scale elasticity rank very high. Using the OLS method we have that
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the scale elasticity is significantly aboie one. The corresponding estimate ranks

second and using the Klein Wald method it ranks fir.-t. These findings correspond

fairly well with those of the Census-study.

From the covariance-analysis rsults of the ACM relation we note that there

is a basic difference between the estimates on the elasticity of substitution when

across effects are eliminated and when they are not. In the first case they are

close to one and the elasticity of substitution is not significantly different from

one When across effects are not eliminated the estimates are much higher and the

elasticity of substitution is si3nificant1y above one at 5% level. If anything,

these results suggest therefore that the elasticity of substitution is fairly high.

But on the other hand this does not correspond quite well with the results obtained

for the corresponding industries of the Census-study.

The unweighted growth rates of value added and capital and labour input

have medium ranks while the weichted growth rate of value added rank second and the

corresponding growth rate of capital rank first. This leads to, as we note from

Table A.VI.5, that the calculated contribution to growth fram capital get a higher

rank when using weighted growth 2- ates, but due to the higher weighted growth rate
of

of value added, the rank/ shifts is higher when using that type of growth rates.

The findings about the nature of technical change suggest that also in this indu-

stry it is materials saving. The results are inconclusive about the issue of capi-

tal or labour saving, or neutral technical change. Finally we note that there

is evidence fram our results of embodied technical change in Wood Products.

g. Pulp and Paper.

This is the first heavy industry of those so far considered. It ranks four

concerning average labour input and also concerning average productivity of labour.

It ranks first concerning the average capital labour ratio and third concerning

average wages. It is fairly materials intensive as Loth materials labour ratio an

materials share in gross production rank secon. And it is also fairly capital

intensive as labour's share in value added has a rather low rank.

Wages	 have a high growth rate. In fact this	 industry has the

highest growth rate of that variable. Ile should note, however, that this is partly

due to decreasing prices of output, as our vage-rate variable is deflated with a

price index of output price. Pulp and Paer is one of the few industries with a

fairly stable share of materials in gross production over time. On the other hand

the share of labour in value adde2 has a relatively strong growth over time as its
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trend coefficient ranks secoll. Rath surprîsirg1y Pulp and .aper ranks second

also concerning the growtlt with size -f iabours sliare in value added. This is

peculiar	 as ehis industry has a high rank concernuig the capital labour ratio's

growth with size. And it is also somewhat peculiar that this industry rank as low

as 12 concerning the growth of average productivity of lsk -ear with size and

as high 4 concerning the growth of materials' share in gross production with size.
a.

All in all these findings taste of/neterogeneous sample. Ihis was also the con-
/

elusion of some computations in the Census study, particularly that there are basic

differences between small and large units of this inJustry. Perhaps we could have

reduced heterogeneity by dividing this 5, -ustry into two, namely the Pulp industry

and the Paper industry But no calculations are tried in this c:iirection.

The capital elasticity is fairly high according to the OLS method as the esti-

mate on this parameter ranks fourth. The Klein Wald estimate is somewhat higher

but has a substitutionally lower rank. The estimates in the scale-elasticity are

low for both methods. The OLS estimate is the third lowest obtained for any o the

fifteen industries and the Klein Wald estimate ranks as the second lowest. They

are both below one and according to the results of the former method the elasticity

of scale is significantly below one at any reasonable levels of the test0 Thus

there is evidence of decreasing returns to scale for this industry. And this fin-

ding is supported by the results of the Cknsus study.

The estimates on the elasticity of subst;tutica are also rather low. According

to all four sets of results the elasticity of substitution is significantly below

one at 5% level. On the other hand the results of the Census study suggested i

anything at all, that this parameter is above one for rulp and Paper.

This industry has a relatively sharp decline in labour input over time. The

unweighted growth rate for this variable ranks second lowest while the weighted

one ranks lowest. The same rank has the c_rre pondirie computed contribution to

growth from labour. And in both cases the contributions to growth from shifts

rank high; as third when unweighted growth rates are used and as fifth when weigh-

ted ones are used. This difference is mainly due to a lower weighted than unweic,h-

ted growth rate of value added.

In opposition to the previous industries there are no indications of taterials

saving technical change in this industry. On the other hand there are fairly stronq,

indications of a capital saving type of technical change. And we

note from Section V.3,c that there is no support for the embodiment hypothesis

in this industry.
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h. PY)inting
aAs pointed out in the previous chapters we have / serious data-problem for this

industry due to an over-rating of the price-change over time and a corresponding

under-rating of the growth in outl)ut. This makes some of our results as good as

worthless. For instance are the growth rates of output and wages negative and rank

lowest among our industries4 The same is true for the contributions to growth

from "shifts". 'here are, however, a few other results that should not be seriously

affected by the particular data problem for this industry.

Printing is the industry with the lowest average size of the daits. Thus it

does also have the lowest rank concern:ng labour input. It does also have a low

materials labour ratio and a lov share of materials in gross production. It is

however, rather labour-intensive as labour's share in value added is the third

highest. The growth rates over tae are fairly "normal except those depending

on the price-index of output.

From the results of the regressions on the size-variable InN we note that •

the larger units of this industry tend to be more materials intensive than smaller

ones while they seem to be less labour intensive. The wage rate tends to be

slightly lower for large units.

Printing seems to have a rather low capital elasticity. The two estimates on

the scale-elasticity are exactly the same and slightly above one, but according to

the OLS-results this parameter is not significantly above one at any reasonable

levels of the test. These results conform fairly well with those of the Census-

study.

The estimates on the elasticity of substitution are ail below one,'but only

one set of results (when no effects are eliminated) implies an elasticity of sub-

stitution significantly below one. But in general the results suggest relatively

strongly that tais parameter is Lelow one for Printing. And this conforms quite

well with the results of the Cens;is-study.

Printing has a very low gro-e%h in cnpital input judged by the unweighted growth

rates. The weighted growth rate, for this variable is somewhat higher and when

using the Klein Wald method of estimation capital's contribution to growth in

Printing rank as ten, while when u-Ang uri-eichted growth rates it ranks as the

last one using the same method of estimatic,, and secondAast using the OLS method

and unweighted growth rates. Both the growth rates of labour and this factor's

contribution to growth are fairly "normal" as compared to tle other industries.
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There is no support of the embodirleet hypothesis In the results for this in-

dustry. Neither are there indications of materials saving technical change.

But there is some evidence of capital saving technca1 change in the Printing

industry.

i. Basic_Chemtcals.

This-industry has a lower averase size of the units than one might expect,

as one would usually consider it as a rather heavy industry. But average producti-

vity and the capital/labour ratio are quite high, however, as they both rank se-

cond. Their high rank conforms quite well with the low (in fact the lowest) rank

of labour's share in velue added. Basic Chemicals has a relatively high growth

rate of wages and it ranks first concerniv3 the growth in the materiaVs labour

ratio.

Even if the mean square errors of the relations estimated are quite high

there are no strong suggestions of heterogeneous sample along the size dimension.

The more surprising finding from the regressions of the main variables on the

size-criterion 1nN is the negative growth rate with size of the capital labour ratio.

The OLS-"'ia e' of the Cobb-Do 7re.mas production function seem to be quite serious

for this industry : The OLS estimate on the capital elasticity ranks eight while

the Klein Wald one ranks second. The OL!.:;-estimate on the sca4e, elasticity ranks

seconc, last and this method of estimation yields an elasticity of scale signifi-

cantly below one, The Klein Wald estimate has a much higher rank and it is slightly

above one 	 J,AUS in this case tt.e OLS results are strongly —sleading, and we shou

not conclude that the elasticity of scale really is '-elow one.

When not eliminating across eeeets the covariance analysis estimates on the

elasticity of substitution is slightly above one

while the elaFticity of sul-, stitu ion is sivnificantly

Delow one whel the .across effects are e3iminateu Thus there is a very slight

suggestion cf an. elasticity of substitution below one in these results.

While the growth rates of valu- added'are fairly high for Basic Chemicals

the growth rates of labour are rather low and those of the capital input are

very low, in fact the weightedgrowth rate of that variable is negative. This

implies low ranks of the calculated contributions to growth from the ordinary

factors of production and a high rankof "shifts'. This is confirmed by the contents

of Table A.VI.5.

The findings of Section V.3.b suggest that technical change is labour saving,

and those of Section V.3.c. yield a slight support of the embodiment hypothesis.
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j. ligneraZ Products.

The only things worth nothinz from the mean values computed are that this

industry seems to be rather capital intensive W.:a low renke both of labour's share

in value added and of materiels share ia gross proaletion and that it pays fairly

high wages. On the other hand Cea growth rate of wages over time is rather low.

From the results of the regressions of the elai-a variables on 1nN we note that

large units are more capital intensive tlian g aller ones as the regression coeffi

cient of th size-regression of 1our e s share in value added is significantly

negative and ranks as cecond last. This conforms quite well with the high rank of
the main

the "size"-regression coefficient of the epital la'oour ratio and it may be

explanation of the high "size"-regression coefficient of the average productivity

of labour, which in fact ranks as one.

Mineral Products seems to have both a high elasticity of capital and a high

elasticity of scale. The OLS estimate on the latter has rank one, and the elasticity

of scale is significantly above one according to these results. 	 The Klein Wald

estimate on that parameter is also quite high. The estimate on the capital ela-

sticity ranks third for both methods.

The elasticity of substitution does also seem to be quite high. When the

across effects are not eliminated the estiDates in fact rank first. While when

across effects are eliminated th estimates are lower but they are still above one.

According to the two former sets of results the elasticity of .ubstitution is

significantly above one.

The results both concerning ne elasticity of scale and the elasticity of

substitution conform fairly well with these of the eensus-study.

There is a basic difference l'etwe ,izn the unweighted and weighted grwoth rates

of value added and capita: for :iineral ProJucts. The unweighted ones are rather

low while the weighted ones rank fourth and second 'respectively. This implies

that the large establishments also have larger growth rates of these two variables

than small ones. This may suggest that what we estimate as :increasing returns to

scale is a basic' difference 'between small and large units concerning the level of

the scale-elasticity	 due to a difference in the level of the capital

elasticity; That large units also tend to have a large capital-elasticity and
•

scale-elasticity. This is also suggested by the "size'-regreasions. But this

issue has not been subject of further investieation.
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The calculated contribution to growth from capital when using weifYhted growth

rates ranks second. • But due to the high weighted growth rate of value added the

"shifts have also a much higher rank than when umieighted owee rates are used.

The results of Chapter V suggest that technical change is materials saving

and at the value adled level that it is if anything labour saving. We get some

support of the embodiment hypothesis as the coefficient of the 'main embodiment

variable", E is significantly positive as it should in -ase the embodiment hypo-

thesis is true. On the other hand the coef:icient of the dummy-variable,F r is also

significantly positive while it should rather be native  to be "cons istent' with

the results obtained for E.

k o Basic Steel

	This	 a typically heavy industry. And it ranks first among our fifteen

	in - astrie
	 th concerning avera ,3e hours worked per establishment and the average

productivity of labour. It does also rank first concerning  the level of wages and

it has a high rank of the capital labour ratio. In -e:7.1ition we note fram the mean

values computed that this industry is reCier capital intensive and also fair

materials intensive.

There are no significant trends in the share-variables in the period overed

py the data while there is a significantly posiave trend with size of materials

share in gross production and a significantly negative trend with sLe of labour

share in value added. Large units does also tend to pay higher wages and they

have definitely higher capital labourlatios on the average and also higher average

productivity of labour.

It makes a substantial difference whiCh method of estimation is applied on the

production function for this industry. Using the OLS method the estimate on the

capital-elasticitv ranks seven while using the Klein Wald method it ranks first.

The difference between the two estimates on the scale-elasticity is substantially

less. It is abeve one for both .methods and accordinF; to ti-xe OLS method the

elasticity of scale is significantly above one at 5% level. Thus, even if the

Klein Wald estimate is slightly lower there is evidence of increasing returns to

scale in Basic Steel.

The covariance analysis estimates of the elasticity of substitution suggest

that this parameter is fairly low, -cy.t due to large standard errors we cannot

reject the hypothesis of an elasticity of substitution of one for this industry 0

he unwei (7,Atec: growth rates of vale,.e added, labour ane capital are quite hig
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as they rank 2, 3 and I respectvely. 'Zee weightee, growth rates are also high but

with a somewhat lower rank. Usir3 the Klein Wale: method of estimation the calculate6

contribution to growth frem capital ranks ES one both when unweighted and when weigh-

ted growth rates are used 	 contribu'Aen frcei labour does also have a fairly

high rank for Basic Steel while when us:'elg'unweighted growth ratPs and the Klein

Wald method of estimation the shifts ILlave a faiely low rank.

About the nature of technical chane,e our results suggest that it is labour

saving. And there is also same su port for the embodiment hypothesis in the results

for Basic Steel.

Z. Metal Products.

Judged by the mean values computed Aetel Products is a rather 'normal iadustry.

The only things worth nothing are that the average size of the units is slightly

above the average for our fifteen industries and that materials' share in value

added is somewhat below. The trend over time of the labour variable is significan ly

negative while labour's share in value added seems to be rather stable over time.

The results of the size-regressions suggest that there are only small differences

between small and large establishments.

Both the capital elasticity and the scale elasticity seem to be rather low for

this industry. The estimate of Crle latter is less than one both when ting the

OLS and the Klein Wald mtheq. And according to the results of the former , the

elastieity of scale is sinificantly less than one. The Klein Wald estimate Is

only slightly higher, and the; there is eo,e Me,:ende of decreasing returns to scale

in this industry. On the other leend the results of the Census study sugg.ested . that.

there are .increasing reterns to scr:le in the 1.71t-:tal Products industry.

Concerning the analysis of ceeeritece eetimates of the elasticity of substi-

tutionjt make,s,a basic difference whether across effects are eliminated or not.

In the first case the estimates are abo-ee oue but the elasticity of substitution

is not sisnificantly above one accerding ,o these results. If across effects 'ire

not elimina e' ,the estimates are below one and theciasticity of sUbstitution is

according to these results significantly less than onk'e. The resülts of the Census

study lend support to the later results. Thus; if anything' the re sults

indicate that the elasticity of substitution is rather low fox :Metal Pro-

ducts.

The growth rates for value added are of moderate magnitude while those of

the inputs are fairly high. The calculated contribution to growth from labour has
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a fairly high rank 	 whatever 	 netnod c, estimation and type of growth rate

are applied; The "shifts" have a low rank in case v%! use the Klein Wald method

of estimation and weighted growth rates. 71e shouL.i not_, however, that for this

industry we probably underrate the growth in output lue tc, an overrating of the

growth in priees Thus we also widerrate the contribution to growth from "shif

The rather sharp decrease of materials share in gross production suggests

that technical change is materials saving in lietal Products. The results of the

value-added relations are, howevr, inconclusive about whether technical change is

labour or capital saving. Concerning the embodiment hypothesis we get basicly the

same results for this industry as for Limerai Products; The coefficient of the main

"embodiment variable", E is significantly positive as it should if the embodiment

hypothesis is valid. But the coefficient of the dutaly-vari ble F
E 

is also signi-

ficantly positive which should not be the case if the embodiment hypothesis is valid.

But even if the results are "inconsistent" there is, all in all more evidence

for than against the embodiment hypothesis.

In s Non-Electrical Machinery.

Judged by the mean values there arc, span differences between this industry

and the previous one. The main differences are that the average productivity o
ratio

labour and he capital labour / are somewhat lower for the present one. Con-

cerning growth rates the differences are soewhat more apparent as this industry

a stronger positive trend in the materials labour ratio, it has a positive trend

in labour's share in value added and it has a less pronoun.. d negative trend in

materials share in gross prouction. The size-regressions suggest that larger units

are more materials intensive and capital intmsive than smaller ones, that large

units pay about the same wages as small ones and that average productivity . of labour

is increasing with size.

For this industry too it matters quite a lot which method of estimation is

applie on the pr ,--:luction function . According to el_ OLS-Imethod the capital ela-

sticl is not significantly different fram zero at 5% level, and its estimate

is the lowest obtained for any industr. The Klein Wald estimate on this parameter

is much higher and does also have a much higher rank. According to the OLS method

there are increasing returns to scale as the scale parameter is significantly above

one. The Klein Wald estimate is samewhat lower, and does also have a lower Tank,

but it is still above one. Thu if anything, the results suggest that there in

fact are increasing returns to scale in this industry. This finding is supported 1, V
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the results of the Census-study.

The covariance analysis results of the ACAS relation are very ambiguous

concerning the level of the elasticity of sule,stitetion. when the across effects

are not eliminated the estimates on that perameter are below one and when they are

eliminated they are above one. But ia no case do the reeults yield an elasticity

of substitution significantly different fram one. The results of the Census study

conform closer to the former results.

There is a basic difference between the unweighted and weighted growth rate

of labour input, the latterbeine much larger than the former. The former has

rank 2 and so has the calculated contribution to growth when that kind of growth

rates are used, together with tha Klein 7ald method of estimation. We should also

note that the calculated eontxil - tion to growth fram shifts has a low rank irrespec-

tive of type of growth ratee when the Klein Vald method of estim tion is used.

This may, however, partly ix, a rçeallt of an upward Idas in the price index comput;ed

and a corresponding downward bias in the srowtio rate of output.

About the nature of technical change tbere are indications of a labour saving

type. We also note that the embodiment hypothesis seems tc get some support from

the calculations of Section V.3.c,

n. Electrical Machinery.

Electrical Machinery ranks second concerning the average labour input. This

oes not conform quite well with the median of nurLer of employee ,. of this industry

according to which it ranks seven. There is a number of possible reasons for this

discrepancy, and probably the more important is the wage differences between produc-

tion and non production workers and the role they play in our computations of

hours worked by non production workers.

We note that the share variables are fairly stable over time and they do

not vary much with size either.

As for 1;on-Electrical Machilery i matters much whether we use the OLS or

Klein Weld method of estimation. The estimates both on the capital and the scale

elasticity are much larger and have mech higher ranks when the later method is applied.

In fact there is only one amens our fifteen indu tries that has a higher Klein

Wald estimate on the scale eiastieity. Thus even if the OLS results do not yield

an elasticity of scale significantly above one there seems to be enough evidence

to conclude that there are increasing returns to scale in this industry. The

results of the Census study seem to surevort this finding.
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The covariance analysis estimates on 	 elacticity of substitution are

about one. Th- ,,,ensus study ree'ults lend some sul -yyt:t 4-, the conclusion of a rather

low elasticity of substitutions. But the standar, error of the estimates are large

and th,, elasticity of s ,'bstitution is not significantly below one accorrlin2 . to

those results.

There are some differences between unweighted and -weighted growth rates of

output and labour input as the later ones are substantially lower, particularly

for labour input. The weighted growth rate of capital is also somewhat lower than

the unweight7!d one. This does also affect the rank of the calculated contribution

to growth fram labour as shown in Table 71.5. But we also note fram this tablr,

that the rank of the contrIT,utions to growth from'hifteif3 not affected, either

of method of estimation or type of growth rates.

About the nature of technical change there are some indications of a capital

saving type while there are no indications of a I:a erials savine- type s unlike

a number of other industries. There are no support of the embodiment hypothesis

either in our computations.

0. Transpor, Equipment.

This industry has a low average produtivity of labour, low capital labour -

and materials labour ratios and a rather low wage rate0 in addition we learn fram

the mean values computed that Transport Equipment is labour intensive as it has

the highest share of labour in valu added among our indusuries, while there are

only three other iudustries with a lower share of materials in gross production.

This industry does also have a very low growth rate of wages but we should

note that this finding and partly also the mean values of the average productivity

of labour and the mage rate are - r'e.ted of the undervaluation of the growth in..

output, due to .-,an overvaluation of the growth in prices. The s,hare-variables . are

not affected of these errors in data s 	we note that neither of 2 the..shaw. 4113

substantive trend-like variation oyez' . tr e.

But the results of the regression of labour e s share of value added on our

tir,e-variable inN ',unveil a. rather surprising difference between large and small

units as the first evidently tend to Le pore labour intensive than the later ones.

In fact the slope coefficient of this regression 7. 0 Transport Equipment ranks

first. This greater labour intensivity of large units is also evident in the

negative slope coefficient fr;A: -.1 the si , -regression of the ,..:apital labour ratio.
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According to both OLS and the Klein Wald methods of estimation the capital

elasticity is rather low while Cee elasticity of seal, is fairly high. The Klein

Wald estimate of the capital elasticity for Transport Equipment is the lowest

among the fifteen industries ,Fhile thére are or: .y two iLdu9tries with a higher

Klein Wald estimate on the scale elasticity. Led as the OLS results yield an

elasticity of scale signifieently above one there i3 evidence of increasing

returns to scale for Transport Lquipment. This finding is supported by the Census

study results.

The covariance analysis results of the ACM relation are rather ambiguous

concerning the elasticity of subrAitution. When the across effects are not elimi-
wToen

nated it is significantly below one while/across effects are eliminated we get

estimates above one. But the staneard deviations are rather large so that we do

not get an elasticity of substution significantly above one. The results of the

Census study yield strong support to C. -4e former results, and thus there are more

evidence for than against an elasticity'Of substitution below one for Transport

Equipment.

There are no basic differences between unweighted.and weighted growth rates

for this industry; those of value added and capital are rather low while those

of labour are relatively higher. Labour does also get a fairly high rank concer

ning calculated contributions to growth, while capital s contribution has,a low

rank irrespective of method of etimati.on and type of growth rates. The low rank

of "shifts", as well as the low rank of the growth rate of output may be due:to the

errors of data pointed out previously that the price growth is overvalued implying

a corresponding undervaluation of growth in outpAt in constant prices.

If anything the results about the Tlatuie of tchnical change suggest that

it is àf capital saving type. rfoere is also some.evidence for the validity of,

the embodiment hypothesis. But te'reeults arc! not unambiguous as the coefficient

of the dummy-variable - FsE is significaraly poeitive,while it should be signific-
antly - negative to be consistent' vith the L idin o a significantly positive
coefficient of the "main" embodiment vaHable, E.

p. Misc. Icodua

The size of the units of Misc. Produc; is rather low on the average. It is

also by far the smallest industry measured by number of units.

It covers 13 units, 8 of which are engage in various plastic products activities

and they are responsible, to a large extent for some of the peculiar find:1.11gs
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of this industry, particularly those coneerrins growth  rates.

The mean values computed are fairly nomal while some of the growth rates

computed are widely different iLo_ those of the ot'oer industries of this study.

Misc. Products ranks first conce7o:ing the : -,t)wth rates of both value). added and

labour input, irrespective we' use wei ,d or unweigheed growth rates. But
p:rowth rate.of

UI spite of tlas it ranks a; nr as sfeonl concertlinf, theimatertals labour ratio.e

It does also rank second concernf71R enc 8:. h rate of wages, but -1,e to the hish

growth rate of output, t7:c! growth ..ate o aco1,:r's share in value ,EiJded is negative

and it has the lowest possible rao'o,. 	 ais note that even if the value of

aterials must be growing quite fast, gros production is growing even faster

leading to a fairly strong negativa tren -I 	 materials share in gross production.

The size-regression results t211 us !flat both average productivity of labour,

the capital labour ratio s the nacer 4 als labour ratio an- materials share in gross

production is lower for large unit - than for omalle. Ales. On the other hand large

units seem to pay higher wages and they dc also see.A to be more labour intensive

than smaller units.

In opposition to all or industrii-ls the Klein Wald method yields a lower

estimate on the capital elasticity than ti ' OLS nethod. Thus, as we note there

is an almost maximum possit-le dirarence in rank betvreen these two estimates.

The Klein Wald estimate on the scale .las.lc.:1Ay is also somewhat lower than ti

OLS estimate. Both eimat s are 1:elow ore but - acccrcanq to the 1.ter method

scale-elasticity is not signifitaLtly below one at conventional levels of the ts- .

The results from the covari4nea arrl.ysis of the ACHS relation suggest that

the elaicity of substittion is above -nr:!. In case. across effects are not el

minated the elasticity of suLiuion Lo s,,,„bnifieattly a,„;,ove one. In case the

acl-oss effects are eliminated' the estimates are still above one, but in spite

of the fact that they rar.:r. first i7e co:oot rcjet the hypothesis of en elasticity

of substitution of ene at convent:,..al of te tests. But anyway the - results

rather uniforily suggest a relativly L	 Lasticit, of substitution.

Due to the 1 h growth rates Loth ci rotput and inputs the rank of the calcu-
.

lated contributions to growth ra,r1.	 4.6b All rank first except- capital

when the Klein Wald method is ar.,pliec: and "s1.1.ftd' in case- that 	 thod to-Yether .

with weighted growth rates are

Finally we note that for th!,a industry we have evienoe of materials savin g

technical change, while the results at the velue add level are ambiguous But

there is some support for the embodiment ?othesis in our computations for :111e

Products.
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