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CHAPTER T
INTRODUCTION -

Most econometric studies of production- 'and related or deducted
functions are based on aggregate data of some kind or another. Very few
are based on. data for micro-units for which it is more relevant to spesk
of a production funetion. 4nd those of the later kind are, most of them
covering a very narrow range of: activities. -In Tact, a quite recent study
seems to be the fiist one that is both based on micro-data and covering most
activities ?f 2-main production sector of a country, namely Manufacturing
of Norway.l} ;

The purpose of that study was twofold. First to gain insight and
experience in the use of large bodies of micro-data from sources like
censuses of establishments in econometric studies, and second, as the title
of the study suggests to analyse various properties of production functions
in Norwegian menufacturing, particularly the scale-properties of that kind
of relatioas.

As very little was known about the qualities and peculiarities of

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

()

menting. These experiments resulted finally in, among other things, th
exclusion of very small units, units with characteristies missing or
‘inconsistencies of the characteristics reported.

"samples™ thus

But even the characteristics of the units of the
‘selected were subject of sericus errors.  This fact and the fact that data
for one year only was available laid stropg likitations on the scope of
the analysis.

In light of these circumstances there are arguments of looking for
another type of micro-data. Such data is available by the samp%e of
establishments of .large Norweglan firms of the years 1959—196702) And this
is the empirical base. of the present. study.

)

2
This body of data ‘does, in' opposition-to that of the Census-study”

contain a time-dimension and it consists.of larger units on the average.
Both of these properties are advantageous, the latter because scme 6f the

experiments of the Census-study suggested that i the quality of the large units

1) Z. Griliches and V. Ringstad: "Economies of Scale and the Form of the
Production Function: An Econometric Study of Norwegian Establishment: Data'r,
fortheoming, This study is frequently re¢ferred to in the following as the
Census-study. ' '

2) For the sources of this body of data of. Chapter II.

3) Cf. footnote 1 above.



L)

was better than for smaller ones.

As the present study is an extension or a supplement to the Census
study three of our aims are: ' , L
1) To get further insight andvexperienceﬂin.the_use‘df_lérge bodies of
micro-data in ‘econometric studies of production functions;'

2) " To éxplore«somé»of the central issues of the Census“stﬁdy énd find
out whether or not owr 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 ipplies that we must cairy out a rather detailed
analysis of the data, particularly to figure out the importanée 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 sone constraints bn 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 the 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 experimerting is unavoideble in the présent study. And there-
fore also this study is explorastory. In such studies there is a need for
systematizing the experihenting and therefore we have a foruth aim‘fgr this
study: | v
) To try methods c¢? 'fishing” in data in a more»systematic'wéy than
usually done in applied ctonometric-studies. ,

This is done by applying multiple test procedures,‘and e#én ifithe
scope of the analysis is rather narrow it throws some light on the‘probléms
present when trying to systematize "fishing” in data.. . v

As we have a tim¢ dimension in our data, in obpositidn to the Census
study, there are a few adiitional issues that can be.exploréd. 1Thus we have
also the following aims for this study: . B _ | ;

5) To explore certaii problems of measurement and ﬁethodology present in
énalyses of technical chaige and impcrtance of various sources of growth by

data like our cross sectiocn of time series-

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



6) To investigate what the present data can tell us about the importance
and ratare of technical” change in Norwegian mining and manufacturing indust-
ries. ' "

As the present study is so closely related to the Census-study no
extensive theoretical discussion of production functions etc. is presented
here. Instead the>the6fetical'pérﬁs of the Census-study will.be referred to
when nECéséérv, Additional theoretical and statistical tools will be deve-
loped in dup course, when they are needed for the-exploration. of particular
issues.

We would like, however, to present hérc a model that will be used in

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

il

(1.a) InV=a +alnL+B8InK+u

v\!

(1.v) ln-f

where V, L, K and W are value added, lébour'input, capital input and the real

it

b +DbInW+v
o

wage rate reépentivelv. ‘u and v are random errors.

The first one of these re ictAons is the well known  Cobb Douglas
production function, while the seconi is based on the first order condition
of profiﬁ maximum with respect to lzoour having a linear homogeneous CES
relation and ﬂssumlng perfect compesition 1 in the output and iabour'mark t5. 6)

Thus l.a and 1.b are based on sllghtlj different sets of assumptions
ebout the form of the production function. u*kc formor presamﬁb a conSVant
degree of returns to scale of an" vogltlve valao but an el aSuIClty 6f
substitution covst“alned to one. The la ter presumes constant rﬁturns to scalny

7)

while the e3a5t101tj of SJbStltA ion may take any pos;t;ve value.

5) For a related model cf. G.S. Ma.dala and J.B. Kedane: “"Some Notes on the
Estimation of the Constant Elasticity of Substitution Froduction Functien".
The Review of LCOROmlCS and St 1stlcb, Feb. 196€.

€) This relation will-frequontly be referred to as the ACME rclation due to:
K. Arrow, M.B. Chenery, B. Minhas énd R. Solow: "Capital-labour substitu-
tion and economic efflcleﬁéy” Review of Economics and Statisties,
Aug. 1961. - ST - R

T) The assumption of comscant returns to scals for 1.b does not seem to have
serious effects on the estimation of b even in cases when the scale-
parameter 1s significantly different from one according to the results of
the Cobb Douglas relation. Tais is for instance suggested by the results
of the Census-study referred to in footnote 1) above. Some results of
th@t study suggest also that the level of the factor-elasticities is
feirly well determined by l.a even if the results of the behaviour
relation indicate that the elssticity of substitution is different from
one.



_ 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 main 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 parsmeters in
various ways the model will become "more consistent” and even simpler than
the version of it presented sbove. Second,we may by means of 1l.b investigate
the assumption made about the substitution possibilities between labour and
capital implied by l.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

8)

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

profit is maximized with respect to labour.

the characteristics reported for the units of the study end other information
available, the definitions of veriables to be applied and the classification
of industries. In a number of appendixes to that chapter particuler issues
concerning dete are considered. Most of them deal with errors in data and
how we have tried to solve various measurement problems present. Appendix
II.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 II.8 is also somewhafrmore than just a description of data
and data—problems as it aims to review the behaviour of our moin 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 finction as an
approximation to the CES relation while we use the "true" behaviour
relation. But we are not interested in the approximstion errors as some
experiments of the Census-study suggest thet these are small. (Cf. foot-
note 7 above). Instead we would like to catch the effects due to
simultaneous equations, of an elasticity of substitution different from
one. :



Chapter I1I deals with the problem of estimating the parameters
of the main mcdel. We show that due to partlcl*ar 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 sériocusness, of the blases present.

" ‘ of estimation
And as they seem to be rather serious we try z ae*hod/related to one dpplled
in the Census-study. And this method seem to yield the more reasonable
results alsc for ocur data.  The analysis of this chapter is also in other
respects very much related to a central‘part’of»the‘Censﬁs'study. Tzus this
chapter does particularly refer to aim 2; but also to aim 3, as well as the
general aim of this study; no. 1. " ‘

In Chapter IV the application of multiple test methods in econometrics
is considered. It covers aim U4 of this study es we are perticularly inte-
rested in the use of such methods when "fishing" in data‘for'sigﬁificaﬂt
parameters. By means of covariance models vwe try to determine the nature of
any variation of certzin parsmeters of our main model across establishments
end over time. The advantagss of multiple test procedures, at least of
those applied are that all alternative types of varistion are spe01pied a
priori and we have a well defined strategy of choosing between them.

Chapter V covers aims 5 and 6 as it deals with thé measurement of
technical change and an exploration 6f its nature. But as we show there arc
errors in the data in addition to those making it dinicult to obtain proner
estimates on the parameters of the main model, that are pertlcularly serious
when trying to evaluate the importance of technical chunre. Some conclu51on%
toth about the importance and the nature of technical haﬂge are‘obtalnea,
however.: And the errors that may affect our'fin&ings more seriously‘are
explicitly pointed out. - ' ‘ ' ‘ o

Ia & concluding chapter we present o swmery of the study and try ‘
to figure out what we have learnt from it. In the main chapters we do not
present .any. detailed discussion ‘of the results for 1nd1V1&ual "ndustvlese, ,
Thus we sadd to the concluding chaptér'an'apb ndix with a summary by 1ndu t?y

of what we consider to be the more interesting findings.



()

Chapter II
THE EMPIRICAL BASE OF THE STUDY

1. Introduction.

In this chapter we present the empirical frame within which we
have to work ir the present study. The contents of the main part of
it represent the bare nminimum needed to understand what is donme in the
following chapters. In thz next section, the data-scurces, the sample
selected and the industries to be analysed are presented, In Section
3 the information available is presented together with the measures
applied for the main variables, and in Section 4 an evaluation of the
data is attempted. '

It should be strongly underlined, however, that a complete evalu-
ation of the results is possitle only if the main contents of the
various appendixes of the present chapter are also known. Most of them
concern erpirical problems of the particular sources of data used. In
these appendixes we try to figure out the nature of the protlems and
report on how we have tried to solve them,

In Appendix 1 we consider various causcs of moverments in the pop-
ulation of establishments available. Appendix 2 presentg the construc~
tion of industries by four-digit industry-grouns, and in Appendix 3 we
report on some corrections of “fata carried out., In Appendix 4 we ox-
plain how missing values of sutsidies and duties are calculated, and
in Appendix 5 we have some remarks en the nrice-data applied for gross
production and materials.

Appendix 6 and Appendix 7 concern the capital data and the capital
input nessure anplied. In the first one we explain why it is nct worth
while to adopt a more refinmed capital inrut measure than the one actually
aprlied. The second, a rather lengthy one, is a case study of the cal-
culation of missing observations of a variahle entering an econometric
model, with capital as the one with ohscrvations miessing., Finally in
Appendix & some tables are presented, with a few cormments on the "be-
haviour” of the main varizsbles that cnter the rodels analysed in the
focllowing. 1In this context Analysis of Variance is also applied, and

the relevant statistics are deducted in Appendix 9.



a. The Datd¥Sources.

Lbe units of this study are the cstablishments of "large" Norwegian

firms in Mining and Manufacturing for the nine years 1959 through 1967, A

C'}

large firm 1s *n this context defired as one having at least 100 erployees

1
on the average in 1963 according to tha Census of that eara*) Abeut 6C0C

.

firns withVaboutl13OO cstahblighments in Minine and Mapufacturing incustries

satisfy this,criterion, The information for thege estatlishmernts were for

~

1963 alsc cbtained fror the Census., TFor the other years cne has used the

information from the Annual Industrial Prcduction Statistics. In additicn
. TrOsSs brouucthn :
price-data for / anc. input of materials and se“*pvoruc*s are ch

2)

tained from the uational»accounﬁ systeri, £nd to deflate the capital-stock

v

data a price’ “index ha ei on current informction on prices of new investnment

b. The Sample Selected.
4)

In this stu éy we will cencentrate cur effcrts on complete time-series.

Thus, thosr'estukllshrcn 'that according tn their iéentificatlon number

. 5y
did not ex ist in one or mere of the years 1959-1967 were excluded, ) An as

.

we would like to have production establishments cnly, auxiliary u ﬁxts and so

C . - . €)

called investment establishments are excluded 2lsc.

rrners (nroduction workers)
) + owners and unpaid
ishment. C£. Secticn 3.a

1) Wumber of employees is defined as woge-e
+ salaried workeys (non-production werke
fgmkly“memhers dglly verking in the es

2) Cf. Arheﬂflx II. 5.

3) Cf, Appendix IX. 6.

4) In some contexte incomplete time-series are eﬂhally interesting as
hpche ones., Cf, F Vedervang: “Development of a Population of
IhduSoflaZ Firm s', Universitetsfoe rluveu, Rergen 1965 But as the

iv
high nurber of incomplete time-series in the present contexts seems
to be a result of artificial hirthe and deaths of establishments no
s

attempt is made te analyse the structure of these units. Cf. Appendis IT.,

5) C£. Aprendix II. 1.

€) Investment establishments ave such that are not "fully established”
in the sense that they have nct yet started producticn in the year
for which the informetion is rercrted. H@st of such units are, how-
egver, excluded as ﬁnCCﬂpl te time-series, If cne weuld like to an-
alyse questions concernln'7 netural” 1*t%s of estahllcnxepto Hv
means of this tody ¢ Avtu_ a look et these inve
seems to he the bhest point of departure.

(1‘(



Excluding inccmplete time series, cuxiliary units and investment

establishments we have 913 ccmplete tirme series for production units left,

7)

For different reasons six of these were also excluded. The remaining

907 establishments are therefore the units selected for further. analye i _in
this study. ‘

By excludingithe‘numercus ihccnplete time series for prcduction units
we have lost a substartial anount of inforﬁat‘nn abcut the industries con=

8)

cerned. But waat is somewﬁat rore wnrrvmf7 1o the unkncwn rumber of

"mongrel” units due to 1dent1f1catlon numhers,referlng to dlfferent‘physi—

9 : eming

cal units in different years.

7) Two of these were excluded ‘tecouse they cbvigusly were investment
establishnents during 1939, even if they were renorted to he crdinary
rcduction units for the whole reriod. Three establishments were
excluded because they reported t Hgve no empleyees for cne or more
years. The remaining one as excluded because cf a ccmplete
break in production during one year.

8) The main reascn why they are excluded, in spite of this fact, is the
particular way the capital data are constructed, Narely by using
the capital data available for 1959 and 19€3 and the investnent data
of the period between to estimate a derreciation rate, and then inter-
polating and extrapoleting to obtain capital data for the ren alnlng
years. (Cf. Appendix II. 7). TFor time-series that start running
after 1963, no capital data are available or can e easily obtaired.
Those that start running after 1959 or stcp before 1963 cannct te
used in our estimation of the depreciation rzte. This type together
with the remeining type of incorplete time series; those that start
running in 1959 but disapnear hetween 1964 and 1967 cculd he in-
cluded among the units subject for further analys is._ RBut it wss
finally decided” to exclude ther as tbe fraction of & 1pg capital
values for 1959 and 1963 for these was higher than t*e cne for com-
plete time series. As such missing capital values cause a particular
problen in cur capital value computation we would probably heve lost
mere than we gained by including the units cencerned,

9) ¢f. Aprendix II. 1.
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At least for some of the units conc;rﬂed characteristics like output,
inputs of labour and materizls etc. will show a jump at one ‘point of time,

"something has happened”. We have not dared, however, to

suggesting that
exclude units with such "jumps” as critcrions fbr exclusion, as an inspection
of the data sugg sted that we then qﬂltc cl arly would have excluded a
number of non- mongrel“ ‘time series alsoq
In data like the present one with Large errors of measurement such jumps
due to mongrel time-series may not make nuch difference, provided that the
main characteristics "jump together". But in our case we do not necessarily
get jumps in the capital-values corresponding to those of the other characterist~
. . - 1e)
ics, due to the particular way the capital data are constructed.
It isn't easy to figure out t e importance. of tnm errors introduced by
these "mongrel” time-series. ﬁqt,thlnklnglin'terms,of prodgctlon functions
the main effects of thesc¢ ars probably much the same as those cf more or
less random orrors of measurement in capital input. Such errors are subject
further discussion in Appendix II. 7 and Chepter III.
e. The Industries.
The 907 units selected are divided: into 15 "industries” Zor which results
are reported separately -during most parts of this study.
In Appendix II. 2 a table on the composition cf these 15 industries

11)

is presented.

13) Cf. BSection II. 3. e. and Appendix II.7.

11) A few establishments were classified in different industry—-groups
in differen* years. To avoid ambiguity in the industry-~group
classification these units were classificd in cthe industry-group

ea

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 prescntation is by four~digit industry- groups, the base unit of

12)

the industry-construction is the two-digit groyp. The divisions between

the indgstries may in some cases look somewhat arbitrary. But if.we_are

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 tbé following

industry group 23. But clearly then the notation Food Products is approximate
only. The‘éame is true for Basic Chemicals with two units of the 29

industry group,'Leathér'producﬁs and 6 from the 30 industry group;‘Rdbber

products. 13)

12) 1In other contexts this detziled presentation of the composition
of the industries is more important.
Cf. Appendix II.5, and Chapter III.

13) We cannot construct very 7homogeneous
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 puln? We could exclude them or merge them with the
remaining groups of their respective two-digit industries., The
first approach leads to a substantizl reduction of units, and the
second does not solve our problem of heterogenous industries. ,
So we choose to go ahead with the industry constructicn presented
in Appendix II.2.



3. The Choice of Operationcl Definitions for the Main Variables.

a. The Characteristics Reported.

In addition to general characteristics such zas industry groupglocation,
type of ownership, we get with the exceptions pointed out for each e¢stablish-
ment for each of the nine years the following information ‘that in one way

or another will be applied in the study, mostly when comstructing the variables

4

on which the main part of the analysis is based:
Xl Production on own account
X2 Repairs

Contract work

4’&3
M, Raw materials
L
Mz Packing
M, Fuel
A 3 “ 4)
M, Auxiliary materials

5)

M5 Contract work

n, Number of wage esrners (production workers)
n, Humber of salarie d employees (non-producticn workers)

n, Number of owners and family members

14) For the years 1959 and 1960 u3+ﬁ is reported instead of each

component separately, and for the years 1965-67 M, is included in
Ml. Thus only for the years 1961l-64 do we get separate informetion
oni each of the components Ml_- M5'

15) Except.for. 1959 -aad 1960 we ﬁéﬁé‘aiéc’infbimgtlﬂﬁ on tlaJV QOOdu
bought and sold. here is an arguement for including these varlaolbs
in the list of inputs and outﬂuhs., But as Hc“dO_nOtlthe information
for these characteristics for all year 'thay are not used in the
variable constructicas, and hey are not included in
the list either. !

r
jmad
(8]
a3
[
rh
C g
s ( u
©
fT{ 0]
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Hours worked (in 1000) by wage earners

Wages, wage earners
Wages, salaried cmployees

VWages,; home workers 16)

Duties

Subsidies 17

Investments, purchased capital. goods

Investments, repairs and maintenance

Inventories, raw materiels
Inventories, goods in process

Inventories, finished goods

In addition to this informaticrn we have for the years 1959 and 1963 also

information about:

K
K,

By

variables needed for the present analysis.

16)

17)

19)

Full fire insurance value of buildings

. . . 18
Full fire iusurance value of machinery )

means of the characteristics zbove we will try to construct the

19)

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

Information about duties and subsidies are not reported for 1959
and 1960. About the "estimation” of this information, see
Appendix II.4. '

“Fdr;1959;:but nbt,for 1963, we have information' also about "other
‘property'. '

Except for h, n,, np and ng all numbers are in 1000 (current)
Norwegian kroner. About price-data, see below.
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b.

cinted

AS

g

to those of the Censul-study and

main variables conform as closely as p9351b1

First we define gress production. in current" actor prlceb

vt - s TT - T
(1) ¥' =X + X, + X +0, =0
The input of materiels is defined
prices.
2\ MY = M. 4+ ) Y] A M R
(2) 1 Mok My o+ Mg o+, 4 Mg+ W

As both Y7 and M' are in current prices they are deflate

Gross Production,Materials and Value Added

as all inputs

3

out we would 1like to make the results »f this study comparable

therefore we try to let the definitions of the

to those of the later study.

as:

“"from outside” in buyers

L, A

L83

with the price—indices

productien and materials im

production and materials

in 1961 for value added as:

discussed in Appendix II1.5, and we get gross
e . 20)
constant (1961l) prices as:
Y?
Y
. M’
(4) M= §i—'
¥
where P, and P, are the two price-indices for gross
1 e .
respectively.
We have thus value added in current prices as:
() v\ o=yt
and in constant (1961) prices as:
(6) V=Y-u
Thus we have implicitly a price index with basec
P,Y-P M
7y P = vl Y T
v v Y=-M

20)
input measufe.
materials.
the naticnal accounts system used for
deflate current values of
this category W But the

Thus, W, will also be

th
materials

error introdu

Wote that W3, wages to home workcrs, aré also included i

This is strictly speeking not consistent as

e
a
<

uced oy this

s defined

n our material
deflated with the price index for

the numbers from
construction of price indexes to
in (II.3) do not contain
is probably quite un-

important as th& order of magnitude of U3 itself is quite:.small.
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c. The Labour Input Measure

The 1abour 1nput measurc to be applied is the following 21):
h(W, +w2)
(8) L“—’T +2n3A

This measure - implies that we caluulat@ the number of hours worked by
salaried employees in production workars uqulvalbnta. 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 ng in (8) below 2.
" An alternative to this is to introduce an add 1tiona1 variable, for instance n /L
to investigate if, or to what extent we in fact overstate the work done by thls

22)

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

is not quite straightforward as it may pick up effects other»than wrong weighting

of ny also. It is,for instance, mainly small establishments that have n3>0.

Thus n3/L may work more or less like a dummy veriable reflecting size-effects.

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

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

mostly large establishments, at least acéording to Nofwegian standards. There-

fore, nothing is done to eliminate this possible source of error.23)
In the Census study both total number of employees N, and the two variables

h and D% Tig 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 validity of the weight given to n, in ocur labour
input measure is investigated in the Census study, except that
n3/N is used instead. R : L

23) 1In the Census study we alsc found that n, >0 mostly for single unit

' firms and for a particular type of cwnerShip, namely personal
'companies.  Thus the results of n,/L may contain both a size of firm
effect and type of ownerships effact.
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.experiments showed that L as defined in (8) wag generally superior to
both ?f_;hese:altgrnatives. In light 0* thess results we choose té go ahead
with our input measure uano it further investigation of the validity of the
aggregation of the components of this measure.

<

d. The "Real” Wage Rate

The price cf labbur input is measured as average wages per hour for product-
ion workers. That %s;
(9) w =—1
But as we iu the present stuldy rather are interested in the price of

lavour - price of cutput ratio we apply the following "real wage rate:

B W'
1 =
(10) W T
v
where P is defined inm (7) atove.

By means of the information available we could have constructed other

are quite good

s

wag2-rate measures, but neithéer these nor the one to be used

T
as measures of the price of lalour as a factor of production

T

. fyr. 2

e main drawback of our m@asure, ag WLll as of the 1abour 1nput measure
fers torthe quéentity compénent of labsur, This property

is that they both ra
of the wage rate and labour input variables is subject of a rather lenghty

discussion in Chapter III.

e. The Copital Input lHeasure

1 " "

The information available for capital is as pointed out above full fire
insurance values for two categories, namely buildings and machinery, but for the

years 1959 and 1963 only. On the other hand, we have information about gross
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investment of two kinds for all yzars, for purchase*»capital goods and for
repairs anu maintenance. Thua, in pr1nc191c it is p0351 'le to get sort of a
capltal mcasure for the remaining years too. But for various reasoﬁgya capital
measure construction is not so straightféfward'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 we11~known‘questian 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

which are kind of market values af the capital stock. 24)

Quite clearly, whatever one believes is the correct measure of capital input,
market values of the stock of capital could be blamed for numerous and

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

)

L V]
W

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

6)

its application and investigated its performance. .

24) The Census study contains a fairly detailed discussion the “contents®
of "full fire insurange wvalues" of capital.

25) See for instance: Z.Griliches: Capital Mcasures in Investment
Functions, in Christ (ed.) Measureument in Economics, Stanford
University Press, 1963,

26) In the Census study another measure was applied, without much succe ss,
however, namely the horsc-powur of the installed equipment as a
" measure of the capital’ s production: capacity and the energy consumptlon
.o - (mainly electricity) per horse-power installation as 2 measure of
. the utlllsatlon of thls capacity. "
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Evidently these two types of errors are among the main ones in the present
study also. Therefore we must pay proper attention to‘theﬁ. And in fact a
whole chapter, the next one is devoted to the analysis ofthjseerrors with our
"main model” as the frame. | |

But in addition e have a couple of other errors that at lcast may have

concerning \ :
serious impact on the results / “technical change”. These are 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 importancs
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 somethingfggout

than just that they are present in our data.
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aPP WDIX, 1.

ON WATURAL AND ARTIFICIAL BIRTHS AND DEATHS OF ESTABLISHMENTS.

. There are sxgnlflcant movements in the reported number of establlshments
durlng the period covered. by this study Judch by the 1dent1f1cat10n numbers
of the cstabllshments. These movements can clearly be divided into natural"
births and dcaths of estaollshments and obv10usly art1f1c1al" ones.
"Natural births and deaths” are such as _ establlshlng
of a completely new producticn unit and closing of a production unit prev1ously
in operation. More doubtful ceses arc 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 comsidered,
but rather some varying practicing of the definition (or definitionms).

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 rangs 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 ton have taken place to some exient, that two (or more) establishments
of a firm are merged into one.

Judged by the identification number we may have in a unmnrglng case
one complete time-series as usually the main branch of the production unit
subject to unmerging gets its identification number. And thus we also get

some " new "

establishments the year the unmerging takes placa, in case
of a merging of two or more establishments of a firm, the merged 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
identificaticn 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. Rut this is a "less artificial®
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cause of movements compared with thcse mentioned previously, as it in this case
is more reasonsble to speck of z new production unit as a change in location
probably also implies a basic change in “economic environments'. Why move
otherwise? »

Thus, judged by che establishments' identificaticn numbers there are
substantial movements in the population of establishments during the period
1959-1967. But due to the causes pointed out ahove, 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.



COMPOSITION OF THE INDUSTRIES
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Industry ‘ Number
group Hame of industry-group of units
2311 Spimning and weaving OFf WOOL veveveosesssoossnsns 17
2312  Spinming and weaving of cotton and rayon .e.se.. 11

2313 = Spimming and weaving of hemp, jute and linem ...
2314  Monufacture of narrow fabricsS cieeeeesesesscsnce
2321 Manufocture Of NOSTEYY cevovacssossssonsneiocnns
2329 Otheyr knitiing millS8 vieeeesosvresnsncesocscnnsas 14
2330 Cordage, ropec cnd twine INduUStris veeeeseeecses

2392 Manufacture of zmbregrat d tcwtich CLCs seaeans

TO'[?CZZ fO.‘P T%J‘/JLV' S ceocecesssscssssscenvevesssncsae 58
2410  Manufacture of fOOLWEAT «eueeueerrsessnsseensens 13
2431 Man. of garments of waterproof material «eeeeeo. 5

2432 HMan. of work clothing v.eeeeeevosesescsssossosss

2433 Man. of men's and boys’ garments ..eeeeecessenas 26
2434 HMan. of women's, girls' and infants' garments .. 13
2443 Man. of hats and COPS veveessossosessssssssannns 3
2491 Man. Of furmishing €TC. sevesoeeosssssrscsssenses 5
2499  Mcn. of other mwdb-up bextzle gooaa ceecreaseie 1
| Total for CLOtRING w.eevieeriieriieriiaieaainaes 67
2510 Sew mille and pZanan mzZLs“i....:..........tt;wgv 25
2521  Wood preserving TnduStries vieeceiececescssssonas ¢
2523  Prefabrication of wooden housas and structure .. 1
8525 Man. of wood~wool cement Pproductd «.eesessevoes 4
2529  HMan. of othcr build. material of wood et veeee 2
2532 Man. Of CASKS eeveoeoscosssnsassesrsossnsascsans 1
2699  HMan. of wooden articles not elscwhere classtified 1
2611  Hon. OF w00den FUPTTEUDE veveveseenseessennnenns 5
2512 Mon. Ofiﬂuual fhrnzture et erere e e araeaae 2

Total fbr WOOA PLOTUCES + v ensereseeserseseenos 45

2710 Man. of mechanical DULD «eveeessesssnessnaeesees 22
2721 Ma’ﬂ. OJ Sulph’bt‘.l’ pul/p 0 0 0 0 009% 0000600009306 0s0000 15

2722  Man. of Sulpiate pulp eeveeeveessocecssserasenns 5
2730 Man. of paper, paperboard and cardbocrd ........ 40
2740  Man. cf wallboards tC. seeveeseessnsscssananoans 5
2761 Man. of paper and paperboard contairel «.veeeees 13

%ZEQM Man.,of otaer paper anu paperboard prod. ceraeas .5

_ Total fbr Pulp and Papor U 7/ S
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”}hdustfy , ‘ — e s e ‘MMwmﬁdﬁéé;“_
group Nam of zraus+r4 group of unzts
3411 Mm.offmmwﬁ%qm.{“.“.n”.”.”;”.“.. 9
3412  Iron and steel works cnd roZZzng MLLLS wovsonns 6
3413 Iron and stecl fOUNdPrTES vvveeesesassonsassoses 12
3420 Refinig Of aluminium «eecesensnsvososososnsosss 6
3430 HMan. of crude metals not elsewhare classified . 4
3491  Non=ferrous metal rolling mille evveeessscoanas 3
3492 Smelting cmf refi‘ina‘of‘metaus Ceessoeresnsane 2

. Total fbﬂ Basic Steel .......,.,;;..:;i“mm“j;::”bmmméé' -

3511  Man. Of wire and WIPC PrOGUCES +eeeevseseeseese 8.
3512% M. of other metal building articles «oeeeess. 5
3513% Man. of steel structural Parts ..eesesesesscsss 13
3520 Mcn. of metal shipping containers ete. viseeees 8
3830 Man. of metal houschold APELOLEE vvvrreeeeennns 5
3591% Man. of metal equipment for officcs and shops . 4
3592% Man. of Lighting fiotures cveeesseescsscsosases 3
3595% Man. of hand tools and implements PR 2
3694 Man. of metal fittings vveeveeeesesecsocnansons 3
3696® Man. of arms and ammunition'............;,..... 4

- 3599% Man. of other metal prod. not elsewhere classtfied 5

Total for Metal Products veeeeeeeesssssosonsnss 60

 3610% Man. of‘mznzng and industrial MACHINCTY wovenes 11
3620% Man. of agriculturul cnd foratry macninery «... 3
3680% Machinery repair shops ...;...........,........ g
3691% HMan. of houschold, office and shop machinery .. 5
3699% Man. Of'otncr MACHLNCTY oveeonononssossasonnnss 1¢
- Total fbr Non~ Eiwd}{iiﬁﬂkiy .....1............ 37

3711% Han. of accumulators and batterzua ceaseesssean |
3712 Man. of wirce and cabl2S vevesesecacssensnsosns

3713* Man. of transformers, generators and electrie motors 3

3719% Mm.ofoﬁurdﬁ%m%ManMWQWWw..“.n.“. 7
3720  Man. of szgnallznga radio Jnd other telecom.equip. 11
3780* Electro-technical vepair shops B T S 2
3791% Mm.ofehwu%clmms.“.“.“;u.”.n.”.”. 2
8799  Man. of other eloctrical products eveseeseveses 4
- iotal fbf Si.zdacaznéfy“.......:.::....g........ VEQMH
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APPENDIX 8.

SOME DATA~CORRECTIONS.

By inspecting the raw data for our 907 complete time series we found a few
characteristics . . . .
strange / such as for instance an establishment reporting to have

no wage earners (nl) in 1964 while it reported to have paid more than 1.8 mill.

N.kr. to this kind of employees. This is clearly inconsistent and as it reported
pioy ¥y

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

In this case n, for 1964 was "interpolated" by mcans of n; for 1963 and 1965

and wages to wage earners (W,) in 1963, 1964 and 1965. 1In related cases of

. characteristics . . .
obviusly erroneous : related interpolations were carried out.

characteristics ‘ .
But 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 "corrgction
approach” was chosen from the point of view that it is better to correct zan
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 serics. But that is not dome due to

reasons pointed out elsewhere. Cf. footnote 8 of Chapter II and Appendix II.7.

1) Therc are several possible causes of such errors in data like had
reporting, mistakes in the revision and control of the forms
and accidents in the transferring of data, particularly when cards
are involved. It isn't at all easy to locate the stage at which
cach crror enters the data, and thus no attempts are made to trace
the sources cf them.



CALCULATION OF MISSING VMLJ:S FQP SDLQIUIES AND DUTIE

s pointed out we don't have information shout subsidies and duties for
1959 ani 1960. Thus to get a mecasure of output that is comparable over year
we've either to compute it in market prices, or in one way or anotheg/"estimate”
subsidies and duties for 1959 and 60 to obtain a measure in "'factor-prices’.
For most industries it does not matter much whether we use market or factor-
prices. But for a few, particularly those using inputs from Agriculture and
Fishing there is a substantial difference between these two measures
Therefore the calculation approach is chosen. | ’

We cdopt an ad hoc procadure that is based on the assumption that there

* By

is a fixed ratio between subsidi

[

s and gross production and duties and gross

<>

1.

production. 4and we calculate the missing values of subs

co

idies and dutics zsg

) (=2

ier |, Y162 i=1,
£=59,60

61 ez

There are three matters that would make the "estimates™ thus obtained

basicly invalid.

o

Firstly, for some types of activities dutics or subsidies are rathe

determined by input of materials than by gross production. This is presumably

e
3
o
o
[&]
pat
I5)
i)
it

not very serious as run we would expect a fairly stable

proportionality between materials and gross production for each establishment.

So it shruld not matter much which cone we use in the formulas above. And as

we would 1like to' use only one of these variates, gross productiou was chosen
. :

as U2 and U, for most industrics is ‘etermined uy this va
Secondly, a change in the product mix (or meterials icput mix) may
have teken place during the period considered. This is clearly of importance
cunly if duties Qr subsidies depend on certain kinds of outputs or inputs.
But ﬂoali, the period a un@:r.écﬁsiéeratiaﬂ is ratzar short 80 that serious
errors due to .this arguement 1aie un1ike1v.
Thirdly, there nay have been changes in the Lmllcy of the Government as

’

concerns duties znd subsidics for Mining and Manufacturing industries. Now

there are always some minor chan and adjustments in this policy. But for

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

observation "estimation” basicly invalid. Thus all 211 this method of
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obtaining subsidies and duties for 1959 and 1960 should nct be toc bad,

And by en inspection of the "estimates" . obtained the method secms
to work quite well. The quality of the reporting on subsidies and duties
looks surprisingly good, and the effects of what may be present of errors
of observation we have tried to reduce by averaging information for 1961
and 1962. B -

APPENDIX 6.
THE "PRICE" DATA FOR GROSS PRODUCTION AND MATERIALS.

a. The "Price"-Data Used.

One important type of information is not provided by the Census of
1963 or the Anmnuel Production Statistics, namely information on prices.
Except, perhaps for labtour input for which it is possible to get sort of
a price variable by means of the information available. For output, matcrials
and capital input we have, however, none. The lack of individual ﬁrlce~uata
for these central variables is certainly not just zn empirical problem,
It is equally much, or perhaps more a conceptual problem as it is not at
all that clear how the price and quantity components of, for instancc, gross
output or value added shall be sepa rated, provided also that these price
and quantity components wust be comparable across establishmenté.l)
Nothing can be done Ly these prmhlems in the present context. Oﬁ thg

other hand there are some possibilities to ogtaln-price'd ta to duflatm thc

1) Thls ro“lem 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 that production units with wiﬂely different output
and input‘mix’are merged into one '“uustry " These, tasicly index
and aggregation problems, will not be discusszd heré as the data
available do not.make a suitable basis for an empirically
interesting dlscusslon. :



variables of different years so that they refoer to a common price base.
The best source available for such price=-data seems to be the more
disaegregated mnational account syst By using the data for gross
production and materials in current and constant f.o.b. and c.i.f. prices
respectively, we

£ deflate the corresponding

cur study, and thus we also

variables of the
3) 4
t ) 4)

ge sort  of a4

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

3)

The base year of the national account system is new 1961, while
it was previously 1953. Ey s;mp;e chaining we get indices with
base in 1961 also for 1955 and 1960.

4)  There is a difference between the gross production definition
in the national acccunt system and the one used uy us, as the later
is in "factor-prices". Data for a corrzsponding definition is not
available in the national account system. 3BDut this discrepancy
shoull mot matter much.
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b. An Evaluation of the "Price-Data

This procedure to bring the variables on a common price base is clearly
rather rough. On the other hand the numbers of the national accounts sectors

under consideration are obtained from the same source of data as the empirical

P

o
base for the present study, 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 omly, the national accounts numbers
are based on infofmation‘for all units covered by the statistical sources
under consideration. Apart from the pﬁre aggregation problem which is present
for all such index-numbers, the quality of our deflators depends critiéally

on if the otutput-mix and materials input-mix of the units of our study are
much different from the "average?lmixiof the production units cf the national
account sectors to which they beiong. By selecting large firms we automatically
also select the large establishments. The more important units not covered Ly
our study are those of medium size single unit firms, that according to
Norwegian standards are those with 50-100 employees. While the 907 units
sclected cover only about 5% of the number of establishments on the average
for 1959 thrcugh 1967, these units have about 507 of total employment, gross
output and materials input of the industries they cover. So the question of
differences in output mix and waterials input mix between units of this study
and those making the base of the corresponding naticnal account sectors can
roughly te identified with such differcnces between smell and large establish-
ments. This suggests also that it probably is of highly varying importance
for different sectcrs. It is presumably of less importance for sectors of

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

)

27-industry group (Pulp and Paper Products) > Thus for some industries at

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



least the gains of deflating the variables may be quite low.

The price-index of cutput is for some industrics, however, quite misleading
in annther way, and this comes out to have serious effeéts sn some of the
results of the industries conecernad. For scme national accounts sectors the

price~data are very spotty or gencrally of poor quality. For these sectors
. are compubed ., . . .
price-indicas for output/dy means of price~diata for the inputs, deliveries
£

I A

from other sectors and labour. «5 increased wages dJue to improved productivity
of labour are not eliminated from the input-price data, the pricefincrease for

] [

the industries concerncd is overstated and thus the growth inm output "in

constant prices™ is understated. ﬁ further discussion of the particular
; 3

problems this price~index computaticn causes for the interpretation of the

results is presented in Chapter V. Cf. alsc Appendix II.8.

6} In Appendix ?I.Eﬂ%ndustry groups for ’ which the cutput price indices
are computed in this way are marked with a star.
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APPENDIX 6.
SOME REJECTED REFINEMENTS OF THE CAPITAL INPUT MEASURE.

a. The Role cof Inventions.

. .

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

1

with an appropriate weight. This éompqnent 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 sigﬁificéﬁtktransitory compeonents, reflecting transit=~
ory variations in demand for finished goods or supply of materials. 2)
And as omne should he very careful not to introduce 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 slightly more "refined" capital measure could also be
obtained by weighting the two compoments of ¥ 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 tuildings. But in one
way or another we have to use the information of investments goaggggin capita
data for other years than 1959 and 1963. And as we do not hivg/information
about investuents for the two kinds of capital, we must necessarily have adopted
rather unreascnable assumptions to obtain a "weighted" capital measure for
all years: For 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 dome in the Census study, for instance.

2) For instance Herring 0.1 and Meal Factories are subject to substantial
variations of koth types.



e. Separate Deflating of Components.

[ed

The weighting issue is related to another one that deserves some comments,
namely the one of price-movements of capital-over time. . As.for gross production
and input of materials we would 1ikedatg'havegelémi nated the price-movements.
over time of the capital measure. Thus we have appliad & common apggregate.
price~index for capital-as shown in {11).

avallable B

‘As thers are price indices for different categories of caplta%h we could-

have deflated buildings and machinery separately provided that we could have
identified- these eomponents of the eapital-stock for.other years, than. 1959 :and;

1963. 1If so one could have taken care cf differencee in the:overall: ?rlCQ”lQVLL

n

of the capital stock of Jdifferent establishments due to differences in the
composition of the stock. This is clearly not so important if the price
movements of the two kinds of capital had been roughly the same. In the present

case this does not seem to be the case, however, as buildings seem to have become

3
de

(’)

relatively more expensive compared to machinery during the period consider:

The price-indices we use are haszd on information ab bout prices of gross

investments, for different kinds of capital. For bui 1dings in mlnlng and

Manufacturing the price index is about 133 in 1967, and the index for machiner

is about 116, while the index we get £

in&icés, using capital stocks of the two kinds of capital as weights, is about
)

121, all indices with base in 1961. “Thus, ev:
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. .

fairly well on the average, it is very little establishment-specific.

i
Therefore," quite lik ly there is a significant “transitery™ component in the

capital measure Hue to 1ncomeet or inaccurate deflafing. But it looks

‘

unlikely theat a-s;g 5f1cant1y batter approach could ue adopted in this co ntext.

adices available for

3) As for gross production i
‘ as ¥ase. V And

a 7 t t
gross investments for 1939 and 1960 have 195
corrbsmonﬂlnvLy in this case, by simple cheining of corresponding
indices with Lase in 1955 and 1961 we get price indices for gross
investments with base in 1961 for 1959 and 1960 also.
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APPENDIX 7.

THE THEATMENT OF MISSING OBSERVATIONS 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 micrc-level may be subject to serious errors of measurement.

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

the various naticnal bureaus of statistics. And they have control and revision
procedures on the current s;atistics by means of which obviously inaccurate data,
among them also missing observations are corrected. This is, I believe, mostly
done by gettipg correct information from the economic units concerned, at

least for the more important caracteristics. But there seems also to be some
amount of "guessing" with a fair room for perscnal judgement what are

"reasonable"

values. And after all "guessing” is generally lLetter than to do
nothing at 2ll. Quite probably, the aggregates that usually are the out-
put of such statistics beccme more reliable by such corrections.

But nevgrtheless, for some reascn or anpther, after the,correction and.
control has taken place, there arc quite often a number of missing observations
on important variables left. And if an econometrician is interested in.
analysing these cata at the micro-level, he has to-do something with thenm.
Usually this problem is sclved by excludipg the units concerned, or not so
often, he continues the work of the supplier cf the data and "guestimates"
values of the missing observations on ad hoc basis.

But evideﬁtly‘bﬁe.shéulavhot'bé”top“$atisfieaiﬁith su¢h;dd hoc solutions.
It is,however,~pfobab1yfimpsssible to obtéin'motéﬂéatisfactofy methods that
are generally applicable'oﬁﬁthe whele range of miésing observation problems
in micro-econcmic data. On the other hand there exist methods that can

solve partial missing observation problems.
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One important property of such methods must be that it nskes the

"suestimation” look more like true estimation) That economic theory and statist-
ical methods are applied to make the estimation of missing observations more
systematic. By putting such computations into a ecconcmetric frame it may alsc

become easier to evaluate what really heppens to the data, and eventuelly to

o3

the results of analyses carried out on data with missing observations estimated

by means of the observations reported.
"

this Appendix we report on scme attempts made to “estimate” missing

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

b

they scem to be interesting enough to deserve a fairly detailed presentation

b. The Capital Data Missing

By imspecting the capital numbers reported for 1959 and 1963 a significant
fraction of the esteblishments was found to report no buildings or no '
machinery for onme or both of the years.

This suggests that the capital data are rather shaky. But they may lock
souewhat poorer than they really are. Firstly, by a closer examiAation of the

~

numbers, it comes out that most of those establishments which report < one

of the compﬁneﬁts of capital zero for one of the years, have 1umped together
both categories of capital and reported it as either buildings or machlnurv.
This conclusicn is based on the capital reported for the other year when the
categories were reported separately, the investments in the period bLetween

the two years under comsideration and price movements of that>period.
Secondly, some of thése gstablishments which reported only Juvldincs or on&y
machinery for both years seemed to have lumped togeth er the two categorles

for capital for both years and hawa"rep:rted it either as bulldlngs or as
machinery. This conclusion is alsc based on investments Qnu<grice‘m09ements

£ ) .

of capital, but in addition on the level of employment and value added of the

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

reported as representing total capital stock aceording 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 nct number of
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units with incomplete information on capital is scmewhat lower than the sum of
tbese numhbers, about 85, as there are 12 units with misging or incomplete
‘information for toth years.

As pointed out in section II.2 cur 907 units are divided into 15

1)

"industries™. 7’ In teble A.II.1. the number of units of cach industry is
presented together with the number of missing observations for capital of each

of the years.1959 and 1963.

Table AIT.1

The Number of Estublishments cnd the Number of Missing Capttal Vglues

for 1959 and 1963 by Industry

Iﬁéusg;é- o - - Number of Number of missing
groups Industry est.ments capital value
_ 1959 1963
11 - 19 Mining and Quarrying 26 0 1
20 - 22 Food Products 164 9 10
23 Textiles 58 0 2
24 Clothing 67 6 6
25,26 Wood Products 45 1 1
27 Pulp and Paper ’ 103 8 1
28 Printing 63 10 1
29 - 31 Busic Chemicals 72 y 3
32,35 Mincral Products 36 1 0
34 Basic Stecl a2 1 3
35 Metql Products 60 3 3
36 Non-El. Machinery 37 4 1
37 EL. Machinery 34 ¢ 2
38 Transport Equipment 87 6 2
39 Mise. Products 13 3 1
37

Total Mining and Manufoeturing 807 60

1) 1In Appendix II.2 the composition of the industries is presented.



We note that the relative

As we accept complete

would, at least for some v
cf freedom, to exclude the units with missing obscrvati

he average t;e loss is aimest 107 of the total pumber of

(x4

<5
the other hané, in one way or another managed to

[l

f we

O
o]

¢

')

observations we oose lass than 27 of the total numbers

Thus there is a strong argumeﬁt” For auo ting the estimatio

case.

\

e. The Model and the Basic Propertics of the Method iApplied.

ne point of departure in our attompts to

observaticns is the "main model™ cof this study. ~’

(1) y=o_+tox+Bz+u

Jox = DO+ b wtv

Where y = lnvg x = lpL, =z = 1n¥, enl w = 1aW, and u and v are error of

relation terms assumed to. h"Vu zero means and constant variances. They are
distributed indeper ?:QrLy and show no serial correlation.

rescarch a nuaber of metheds are proposed.

2y The difference in the total number of missing eapital observations' for.
the two years suggests that there either has been an improvement
in the reporting and/or the control of the data, or that the quality
of Census data ig. better than that . of the Annual Industrial Production
Statistics., o

3) C£. Chapter I and C“aﬂ 111.

4y TFor a survey of the litterature and on of the different methods
cf. Elashoff, R.M, and Afifi, A.A.: Observations in
Multivariate Statistics,” Journal ican Statistical Association.

Part I, "Review of the Litterature” art II; "Point Estimation
in Simple Linear Regression", 1967, Part III; "Large Sample Analysis
of Simple Linear Regression”, and Part IV; "A Hote on Simple Linear
Regression', 1606
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in the present case, as we consider a particular

for only one varizble are missing.

And among these

gituation, when observations
methods ‘

) only onme will be considered, namely the one that presumably is the more appealing

intuitively. The contents Jnd implications of it are also easy to understand.

But to be sure a falrly Qetalluu 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 behaviour4relation in (1) is invalid and also that the variables

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

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

relation gives best linear unbiased estimators for o and B.

<

Now we have n sets of observations of which n; =

going to estimate these values

n are complete. Thus

there are n - By "unknown" values of z and we are

along the same lines as o and . We can write the sum of sgquares function to

be minimized as:

n .
U2 §i (yl —y a(x x) -B(z .—E))2+
(2)

n

: 2
I n,+1 (y,4 V"“(x ~x) - B(z, -Z);

where the subscripts 1 and 2 of the varia Flua refer to cgmplete and incomplete

sets of observations respectively and the averages y = =I_.7.,

- 1B - n _ . ni=1"1i

X = =3 %. and = = . re : : A . . . .
ni=1 *i d oz a §=1 z1 refer to all sets of observations, which implies

that for z also:the n - ny unknown values cf z are included.

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

1. order conditions for minimum as :

U™ _ 28 .1 , - - -\
oz, T der Grg Ty Tetnyy mm o By e
(3) 28 B _ _ _
ool Oy my malxy; mx) - B(zy; - 2))
. i=n+1
1
- 28 ( 5 2)) = s =
a g5 T ¥ maly = x) -8z, = 2)) =0 (§=mn+l,...000,m)



As the sum of the two first terms of {(3) is zero due to the properties of the

lzast square method we get:

(4} (yzj - §),— aixzj ~x) = B(zy, = 2) =0 (j =n,+l,.0...n)

That is, cach unit with a missing crvation gots a value of z which gives an
9 & 5

O
e

0

[B]

error cof relation of zero for the unit concerned, in other woerds the error
is M"abgorbed" in the estimate of z. This is a property of the method subject
to further comments below.

How, the formula in (4) canno: be used directly to estimate the missing
h 1

(Sl

z=values as it includes z. But z is found in the following ways

-

From (&) we have that:

¢) 1 . = o

n
Yy zo=- 3 V.. -y - a(x.. = %) =
(7) = ?. (Jli‘ y = alx, }o— Bzyl)

(8) 2=-———<§1—y~a<x1—£>~s£\

©

where k

(6]

(9) (ygj had S;l) - 0‘-(}(2'_; — Xl} - S(sz - '1)' = 3 (j = n1+1,-w-.caon)

th
~
O
j—
(m
o}
8]
e}
W
cod

But estimating the n - n, missing capital values by means o

imply that the second term of (2) disappears. 5)

5) There are 'mo degreces of freedom left" for this part of the sum of

squares function.

g
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Thus to estimate o and B we are left to minimize the sum of squares of the
complete sets of data. In this expression z enters also. But imserting (8) into
(2) yields:
2 1 - - - (2
10 U~ =z V.. = y,=o(x,., - x.) - B(z,. -z
(10) (g =y oy = %) = B2y = 29))
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 complete sets of data and thcn use a

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

d. Modifications of the Method I

The procedure of estimating missing values for capital deducted in the
previous section is basad on assumptions that imply consistent estimates from
the ordinary least square method on the production relation. Now the main model
tells us that pfofit 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-comjcnent. As is shown in Chapter III this implies
inconsistent estimates on the factor-elasticities when applying the ordinary
least square method. From (9) we sece that this Jdoes also imply inconsistent
estimates on the missing capital values.6)

Therefore we need 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 is estimated by a 31ze- dummies instrumerntal
variable method. N

The adoption of another estimation method than simple least squares to
estimate o and B has no consequences for the "dlgebra" of estimating the missing

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

6) Given ;1, §1, Z1s Yy and x,., we get the probability 1¢m1t of 2

o= 2] 1 2] - o +hias a
as: pllm-zzj.= zl+ ——ee (Y, = Yl) - ~

8 +bias & ‘3 8 +bias B <J

2j
- 21)

when having estimated o and B by ordinary least squares. And under
reasonable assumptions we have bias @ ¥ 0 'and bias B < 0. This implies
that we overstate the deviations of y,. from the mean cf this variable
for the complete observations and thuélalso the tra nsitory components
in output. We also overstate the importance of the deviation cf labour
from its mean of the complete observations. ‘

7) Cf. Section III.L,
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data, while the complete sets only enters when 8 18 estimated. Relation (9)

is stiil wvalid, as the only way of estimating the intereept of the production

e. Two Ad loe Methods to Compute Missing Cipital Values.

Having estimated o and B we
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When working with incomplete data one may be tempted to "estimate” the . |

missing values of a varieble Ly means of the average of this variable for the'

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

two last terms of the right side of (11). 3Bu

=

even if there may be substantial -

transitory variation in ij this method is not recommendable in the present case
as it iqnores completely differsnces in size of the units.
] i

We cnn, however, write (11) as:

5

.

- Z S - -— _,‘- -—]; o
(123 2f T ¥y T I TR Y 3 (y x 1)

And we sce from (12) that another ad hoc method may work fairly well provided

m
ot
(]
s

we have approximately constant returns to sc amely by using the geonetric
P y y i BEONELLLL

mean of the capital labour ratio for the complete sets of observation to compute
the capital-labour ratio for the iacomplete sets of data. In that case,;he,last,.
term of (12) is ignorable and the difference hetweoen this ad-hec method and

the least square method is that the latter takes care of the difference between
the average productivity of labour of each of the units with incomplete data and
the average for the complete sets of data. - Thus in case of large trensitory

.

ation in output between umits) - or in other words a large standerd deviation

<
&)
81
(=
o

cf the residuel, the zd hoc procedure may give more reasonable results thean

the least square method.
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Fv Modifications of the Method, II.

As we for our kind of data may expect rather poor fit, we should adept a
mixed method of estimation: We estimate the missing capitel values by meens of
the "consistent" method described im secticn & above. If these estimates are
within certain limits they are accepted. If not a modified version of the average
capital/labour ratio for complcte sets of data-method is applied.

The limits of "the regicn of acceptance' are determined by the average
capital/labour ratio for the industry concerned so that the lower limit is

8) But

one third of the average and the upper is three times the average.
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 ratioc 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 estimaticn
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 capitezl/labour ratic as extreme
estimates may be “true”. In a scnse this last step in our procedure corresponds
to the method of "Wisorizing" samples in errors cf variables situations. 9)

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 colouréd modifications. And the results of these experiments show that

this is necessary.
g.  The Results

“In Yable A.IL.2. the estimates on o and B are preseanted, and also estimates

on their standard deviations according to formulas presented in Section ITI.L.

'8) This region may look too wide. But I think the limits are reasonable
- as the'probability'cf rejecting an estimate that is "correct”
should be low. As we then also obviously accept 2 number of "wrong"
estimates conforms quite well with the quality of the observed data
that evidently conteins suhbstantial errors of mezsurement.

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 resilusl obtained from ordinary least squares on
t s

0
the Coblt Douglas reclation zpplied on the complete sets of data is also presented

@

10)

ation in output.

<
ol
a1
H .

to give an idea of the fit, or rather the uncuplainec
As we sce from this tatle, the £it is poor and we have not obtained a

“"sharp" determination of the parameter-values. Thus, as expectc !, we get a number

of "wild shots” when "estimating" missing capital values by meszrs of our method.

A total number of 21 of 93 "estimates" arc outside "the regions of acceptance”

discussed zbove. This is no unre

S\l

sonable number judged by the contents of

Table A.II.2. And four of these “cstimates" are not necessarily so "wild" as
they may lock as the capital/lahour ratic for the other year for which capital is
reported is also.outside the regicn of acceptanca. Thus these estimates are
accepted alsc. For the 17 remaining "wild shots™ we present in Tatle A.II.3.

their distribution on industry and year and if they are ‘'too low" or "too high®.

[

presented for Misc. Products as the methed could not

0) No results are p
be applied on this industry due to degrezes of freedom problems.
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TABLE A.II.Z.

Output Elasticities of Labour and Capital Estimated

i

1959 v
Tndustry & 8 &+ 'c}'uz a B a+p 3u2
Mining and Quarryirg - - - 0,172 (8:823)(31832) €:972 4 163
ot s QL OO oy 089 0D 0%
Textiles - - - 0,161 (g:ggg)(g:gzgj o,§§5 9,114‘
Wood Products (8:322)(3:322)15945 0,173 (g:égf)(gzggg) 1,116 § 923
Pulp and Paper (g:ggg)(gzggg)o’ggg 0,120 <8:8§§><3:3§§> 2% 0,144
v
Basic Chemicals (g:ggg)(gzggé)o,ogg 0,390 (g:ggz)(g:ggz) 0,984 0,510
Mineral Products (gzggg)(g:gég)1,osa 0,241 - - - 0,164
Metal Products (g:ggg)(g:éfg)o’géﬁ 0,144 (g:ggg)(g:ng) 0,990 0,107
Non-EL. Machinery (g:ggg)(g:ggé)l’057 0,089 (82%?3)(828%3) 1,043 4,166
Electr. Machinery (8:82;)(2:322)0’954 0,148 (8:823)(3:332) 1,231 0,197
Transport Equipm. (8:333)(3:552)1’085 0,124 (8:8%3)(8;3?8) 1,058 0,089

1963

L] .
Cf. Section III.L.d about the method of estimation applied.
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TABLE A.IT7.8.
Estimates on-Misaing Capital Values Outside the "Region of Acceptance’
unmber of "wild shots”
Industry 1352 1963
Too low Too high Tco low Too high Total

Mining and Quarrying - - 0 0 0
Food Products 0 2 0 -0

Textiles .- - 0 0 C
Clothing 0 0 1
Wood Products 0 0 0

_oo ke

[
()
[\

Pulp and Paper

O N O o ©
<
o

£

2
2 4
Mineral Products S ) - - 0
Basic Stcel 0 0 ¢ 0 0
Metal Products 0 1 1 0 o1
Nom=El. Machinery 0 0 1 0 1
EZOctP.IMachzncry 0 1 0 0 1
Transport qui“m. 1 1 0 0 2
Total 3 9 5 o 17
1) Refere to the sume unit

(@}

e note that Basic hemicals has 4 wild shets. And this is a rather pbct
result as this industry has 7 .;"ss'iﬁg’c‘aﬂita1 values only. But es it also has
the highest mean square error among our lquustL;c', this result is not too sur-
prising even if more than 507 wild shots 1s ‘somevhat more than one would expect,
On the other hand, Tood Products which also has a hHigh mean square error behaves
fairly well as only 2 of 19 estimates are wild., We also note that for Pulp and
Paper and Non-El, Machinery we have cnly one estimate in 1963 and beth are wild,
even if the mean square errors cf these industries are relatively low. Finally
we see from these computations that the 59 data are of poorer quaelity than thos

of 1963, 1959 has more than 60% of the missing observations, and it has an even
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higher fraction of the wild shots, about 70%. Thais higher fraction of wild shots
than of missing observations may be explained, at least partly Ly the fact that we
have a lower numbier of degrees of freedom in the seccond stage of our estimation
procedure for 1959 compared with 1963 iust Lecause the former year has the majority
of missing valués. |

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"” w1th/£he other year for which capital

is reported, taking investments, price movements and depreciatiom into consider-

B

ation. This may clearly alsc be the case for estimates within the region of

C

acceptance. But such obvicus inconsistences can also be observed quite

frequently ameng those units with complete sets cof data.

h. Caleulation of Cepital Values for Other Years than 19569 and 1963.

h.t  The Information Needed

We have, ia principle, informaticn on all characteristics, but one of those
necessary for the computation of capital values of other years than 1959 and
1963. We have capital values for 1939 and 1963 and wec have gross investments

for all years. And we have also a price-index that makes it pessible to eliminate

&

even if in a rather approximate way the price movements over time in these two
variables.ll) 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‘duriﬁg one year due

to depreciation, 12) we could either apply the "cfficizl" depreciation ratios,
for instance those applied by the CBS, ¢r we could try to estimate them. The
simplest would clearly be to accept the former, but as they look unreasonably low,

about 5%-6% on the average,the latter approach is preferable as it also may serve

11) Cf. Appendix II1.6.

12) ECvidently 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 operaticnal in the present case.
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generally too low.

Clearly there may also bte substantial indivicdual 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 tﬁem by adding lagged instead of current
investments to depreciated capital cf the previcus year to get the capital-value
5) '

cf a year. This is, however, rather arbitrary 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. Onz could even compromiZe by weighting
lagged and current irvestment in the comoutatlons of capital and p,rhaps also
try to K , find out somethlng aﬂout the average lag. But
such an approach does not look partlcularly promising in the present context.

ks a choice has to be 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 reéults_obtained using

7)

. . 1
lagged instead of current investment.
h. iit. Estimation of the Deprectiation Rctio

By means of the information available about capital and investments we get

<

the capitel values of the years 1960 through.1963 as:

(1L -48)K

60 59 T Lgo

K61 = (1

2
(1 -
A) K59 + (1 A)'Iéﬁ + 161

(13)
g N
59 + (1 A).I60 +

(1 -‘A)I v 1

Kgy = (1= 0K o1 * Loz

62

4 R 3 : 2

Kz = (L = 8) Kgg + (1 - 8)7L,, + (1 - A) I a

61 7 (L~ DIy + Tgy

15) Both in this context and later we speak of capital and 1nvestaents
data whlch have a common price base, nanely 1961.

16)“Ringstad V&,‘and_ Gri1iches4Z.y op._cit. '

17) As concerns capital we would also like tc have ‘an average ‘for the year
instead of the stock at the end of the year. In this context this
problem is of minor importance, And it is ignored 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 is the depreéiatibn ratio ana K ana I are capital and investment respect—
ively in constant 196l-prices.

The last relation will be used to estimete the depreciation ratio by
fitting it‘to the data involved. This may look like a rather complex optimi-
zation pro blem as therc are non-lincar constraints on the parameters. But as
the relation considered has no intercept, the following relation must hold

approximately for an optimal value of A.

- = b= 3 2= N
(14) K63 163 = (1 - 4) K59 + (1 - A) 160 + (1 - A7) 161 + (1 = 8) 162

where the barred variables ére averages across cstablishments. 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 get a much cheaper, but also somewhat rougher estimate.

For dlfferent values of A the difference between the Lef% agétthe ngh“
absolute
side of (14) was computed and the value of A that gave the lowest/value of thls

.

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 gnd the

right side increzses monothonicly from negative to positive values with an increas-

. 18

ing A. )
The search was made for valucs of A between ~ 107 and + 20% with step

0,1%Z. TFor Total Mining and Manufacturing we got an optimum value of A of
7,77%. 19) 20) This estimate lcoks gquite reasonable and it al86 Schegts that

the CBS depreciation ratios are samewhat too low.

18) Thus the meansquare error has the absolute and only mlnlmum of
zero when this difference is zero. .

19) Cloarly by "scanning” the region.7,6 - 7,87 in one or more stages
using smaller steps we could get as mapy decimals in our estimate
as we liked. But as pointed out above this does not seem to be worth
while.

20) An attempt to apply this method on the individual industries did not
work quite well as we got unreasonably large variations in the optimum
value cf A acruss industries with about 18% for Mining and Quarrying
and 27 for Basic Steel Products as extremes. While the former is
not completely unreasonable it is. difficult to believe in the latter.
However, these results give additional evidence of the poor quallty
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

X . 21
taken into account gave an estimate on A of 5Z. )

This implies that the inter-
cept estimate is negétive.‘ And it may lend seme support to the "lags and
sluggishness™ hypotheéis. Using lagged instead of current investments in the:
sense pointéd out"adee on a relation related to (l4) we got by our scanning

procedure an estimate on A of 6,8%.

h. iv. Caleulation of Capital Values by Means of Investments and the Estimated
Deprecidtion Ratio

Even if there is some evidence of a lag between the reported investments
and capital data, we choose to compute the missing 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 scems 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 fof 1960, 1961 and 1962 by

- means of the three first relations of (13) and corregpondlngly we get the

estimates on capltal fo¥ the years after 1963 as:

=
|

= 0,923k, +'164:
+ 1

K _ = (0,923)2K63 + 10,9231, + I,
(15) '

- nay3d 2 , .
K66 = (0,923) K63 + (0,923) 164 + 0,923165 + 166

~
2
]

) 4 - 3 ooy 2
= (0,923) K63 + (0,923) 154'+;(9’923) ;65 + 0,923 166 + 167
'Thus in thls way we gut cap1ta1 data of all of the 907 establishments for
the 9 years 1959 - 1963. 'But what°v0r standaxd 1s used for the judgement of
the quality of ;hese data, the comclusion must be that they are extremely shaky.
The conseqﬁencesfof‘tbis’fact when they are applied in econometric ana1y51s is,

; C e DL . L e, R "2
however, subject for investigation in another context. )

21) In thls case we use exp11c1ty the meansquare error as the criterion
of fit.

22) Cf. Chapter III.



1. Some Concluding Remarke

Even if we in these attempts tc estimate missing capital values have
tried to apply systematic analysis, they are strongly coloured by ad hocery,
based on personal judgement, taste and intuition. In econometric research one
can probably never expect to become completely independent cf ad hoc solutions
of empirical problems, but one should, however, try to use more satisfactory
solutions whenever posssible. That is solutions based on firmly founded
econometric methods. The field under discussion in this Appendix has so far
been highly dominated by such ad hoc solutions, but we have not becn very success=
ful in our attempts to systematize the estimation of missing observations.
There is one obvious 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 pcor. 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 this analysis is quite
obvious: Shaky reported observations imply shaky estimates on missing observat—
ions whatever method is. applied. On the other hand I'believe that even if
this is true "estimation" is better than exclusion of the units concerned for

reasons pointed out previously.
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APPENDIX 8

Some Basic Characteristics of the Main Variables.

a. Introduction

In this Appendix we present in a.series of tables Somgharacjerlst1c§ the
main variables of this 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. v ‘

The variables for which such statistics are presented are labour input,
the average "value added" - productivity for labour, 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. ‘ B

In addition to the mean and standard-deviation we are basicly
interested in  the variation of these variables along the "main dimensions™
of our data, .across 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
approach. LY We also run regressions with time as‘the_independent variable to.
have an idea of the average growth rates of these variables. We should note
that the standard=-deviation presented concerns variation of growth rates both

. 2
across establishments and over years. )

1) Thus we consider the variables concerned to be random and normally
distributed. The statistics applied are deducted in Appendix II.9.

2) Later the variation over years of average (per establishment) growth
rates is considered. (Cf. Table V.2)

The OLS method on Xit = a + bxt+ u,, must necessarily yield the

it
same estimate on the growth rate for X, bX as the OLS-methcd on
Xt =a+b t+ 4 where ¥.= + F X. andg = =¥ u:,+ For the
X t t I o it T . . 1t
1=1 Ii=1
first relation we have :
= = T (X, -7 DI t) + IZ( X) (e-t)
. By Ry - D -0 s t=1
X I . T .
I I (t-1t) IZ(t - £)°
i=lt=1 t= I
But the first term of the numerator must be zero as I (X Xt)=0
for each t, and therefore i=1

_— 1Ge- £ (e
X

T
$ (e-£)2

which is also the OLS-estimate on bx from the second relation above.
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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 nunber of employees, is the
criterion of “size". This is donme, both when imposing a commen intercept
for all units for zll years, and when allowing different intercepts for
different units and years.

Even if the contents of the tables speak for themselves_i; may be worth

while to summarize what seems to be the more interesting findings.
b. Labour Inmput ond Total Number cf Employees.

Table A.IT.4. tells us that cven if the units selected belong to large
firms, i.e. those with 100 employees or more in"1963,bthere 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
Preducts and Printing have mostly smallestablishmenté. At the other end of
the scale we have the more heavy industries like Pulp and Paper and Basic Steel.
More surprisingly che samples for both Textiles and Clothing contain mosgly
large units. We also note that industries like Mining and Quarrying, Basic
Chemicals, Mineral Products and Transport Equipment cover a rather 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 acrocss
establishments and oyer time than one perhaps would expect. And the results
of the regression of Inl ou t tells us also that labour input is on the average
fairly stable over time. But the large standard erfors;of the estimates on
the groyth rate suggest that there are probably large individual variaticns

concerning the growth of labour.
c. Average "Value Added" Productivity of Labour

The Analysis of Variance statistics of Table A.IIL.5 tells us that there
are significant variations in the average productivity for all industries both
across establishments and over time. The growth rates nust 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 industries. Now, for some
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TABLE A

.II.

A

Ze

Basic Characteristics for InlL and N =

‘Mean and |

i
"

o

Growth Amlyszs of Median 11/3-Fractiles for|
st. dev. \rate for Variance for ink Walue y ,
a Industr'y for InL | InL I i Fp for N | Lower | Upper
ITbtaZ Mining 5,309 [ ,0058 | | o L
, ard Manufactu_pq,ng (1.218) | (,0052) 2228 $45 'L 11,97 113 67 | 1€0
; 5,144 1 - 0161 | ! b
| Mining and Quar. (1,383) | (,0351) 470,15 | 1,82 105 33 183
| . i —_—d ‘ | —
3 1, ; | |
; ! : |
| 4,729 | ,0089 ! - '
| Food Products (1,245) | (.0126) 214,36 4,73 60 32 102
! s
g | 5,763 | -,00C1 ! |
| Textiles | (,795) ! (,0135) 126,33 3,56 159 119 218
| , ,
| 5,446 | -,0073 | : : o -
: Clothing (,713) | (,0113) | 65,55 2,30 121 102 147
g__ : { .
; 4,615 | ,0126 | o
\ Wood Products (1,102) | (,0212) 160,82 2,01 50 34 79
i i 1N - -
§ 5,657 | -,0160 | o |
| Pulp and Paper (,943) | (,0120) 308,72 | 10,42 144 106 191
| 4.607 | ,0021 | | |
| Printing (,866) | (,0141) 170,35 1,29 43 30 70
| ; 5,213 | -,0018 3
\ Basic Chemicals. (1,457) (,0222) 230,81 1,48 105 45 168
§ , 5,430 | -,0033" o o
| Mineral Products | (1,168) (,0252) 236,36 0,82 135 78 214
| 6,475 | 0257 i - - o |
| Basic Steel- ... | (,858)] (,0171) (151,66 5,25 | 294 195 418
| | 5,577 | ,0221 . | L L
| Metal Products (,977)| (,0163) 172,15 4,92 | 125 98 | 155
[ 1 - - ~ - ; 2
¢ |
: 5,563 | ,0038 | |
| Non-El. Machinery | (,984)' (,0209) 139,03 | 2,42 130 o1 | 182 |
| 5,884 . ,0296 | |
| E1. Machinery (,986) | (,0218) 191,84 6,71 128 105 | 183
: -. —
‘ 5,531 ,0178 | . . o Lo
| Transport EQuzpm. (1,443) (,0200)‘240 77 3,51 | 143 96 | 247
t T ' i
| 4,768 | ,0623 !
! Mtsc. Products (1 290) | (,0460) 120,20 | 4,24 | 75 35 | 138 !

-

See Notes on p.61.
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TABLE A.II.5

zx
L

- , Mban and |Growth- QZU pe-ae. j%ﬂm reg. on nil nalusis of
lst. dev. |rate To dum="E dum="|E and T "|Variance
Industry P ? §ﬁ£es . ‘miee . dwmies FC Eb
'Touaz Mining 2,612 0421 E— 0054 =,0655 |-,1288 | b
L and Manu- | (,576) 1(,0024) 1(,0052) 1(,0172) |(,0165) | 16,13 | 104,16
facturing S ’ 5 _ “ : S
| 2,821 | ,0613 | ,0406 -,4859 -,3331. A .
Mining and Quar. | (,477) |(,0114) i(,0225) (,0968) |(,085€) | 20,20 | 11,64
| 2,726 | ,0625 |-,1477 -,0951 |-,2070 4
Food Products 1 (,740) 1(,0073) Go149) (,0494) |(,0466) | 16,65 | 27,69
| 2,414 | ,0285 I«,Uzss ,1620 | ,1461 I
Textiles 1 (,4622) 1(,0070) [(,0232) |(,0672) |(,0674) 9,13 4,19
\ P R B T
2,311 | ,0215 | ,0012 |-,3182 |{-,3062 o
Clothing (,;372) {(,0058) {(,0223) [(,0452) |(,0447) 9,25 4,92
2,388 | ,0274 | ,0959 | ,1927 | ,1326 o
Wood Products (,558) |(,C107) (,0246) [(,0708) |(,0697) | 14,12 5,10
2,751 | ,0733 |-,0478 |-,5362 |-.3850 o
Pulp and Paper (,451) [(,0052) [(,0157) [(,0712) [(,0601) | 10,94 | 54,41
2,407 =,0173 | ,0604  |-,2898  |-,2562 N
Printing (;362) [(,0059) |(,;0173) |(,0551) |(,0551) | 10,51 3,98
- ' 2,940 | ,0671 1-,0333 | ,1026° | ,0809 b
Bagic Chemthls (725) (,0107). 1(,0190) s(,0619) (,C572) 16,74 15,5C
. 2,741 | ,0245 | ,1625 (-,1938 |-,1885 o
Mineral Products (,534) - 1(,0114)., ,8243)»4(,G647) (,0633) 27,01 2,95
2,579 | ,0607 | ,1266 ’; ,0323 {-,2506 | -
Basic Steel | (,476)  (,0090) 1(,0280) 1(,0789) |(,0716) | 14,35 | 15,il
2,587 | ,0314 -,0033 =, 0435 |-.1784 S
.Mbtcl Producto \,424):;(,vu,v) (,0185) . |(,0661) |(,0673) 6,44 4,52
2,565 | ,0302 | ,0862 | 0911 | ,0773 |- u
Hon-EL. Mach. 1 (:379) 1(,8079) 1(,0207). [(,0619) [(,0610) | 10,18 5,02
- ‘ . L D
. 2,585 | 0415 | ,0523 | 0824 |-,1525 o
\El. Machinery (,497) (,0108) [(,0288) 1(,0826) |(,0864) | 14,54 ,50
; 12,337 | 0194 | ,0662 |-,0482 |-,0958 |
|\ Transport Equipm. | (,400) (;0055) - i(,0097) 1(,0439) |(,0447) 6,00 2,84
; 2,637 | ,0883 =,0751 | ,1379 |-,1851 S
:-zﬁc. Products (,737) . (,0252)  i(,0516) 1(,1345) |(,1440) 8,63 | 3,38

See Hotes on

p. 61,



TABLE A.II.6.

Basie Characteristics for In 7

K=

(1,019)

2
See Notes on

P 610

N - 3 |
Mean Growth | Slope-coef. from regr.onlnN!Analysis of Vari-
and rate No dum="1E~dum- | E and T ' ance
Industry st. dev. |\mies  mies ’idmm'.e_s | E, Fr
’ - , R ' ?
Total Mining end | 3,288 | ,0266 1-,0098 [=,5291 |-,5777 |
Marufaoturing (,823) | (,0035) {(,0075) |(,C145) | (,0145) (47,12 | 49,34
3,366 | ,0566 | ,1845 |-,9020 |-,8112
Mining and Quar« - | (,751) | (,0187) [(,0336) |(,1142) ' (,1091) |31,85 5,77
| 3,624 | ,0225 |[-,1233 |-,5859 |-,6346
Food Products (,705) | (,0071) - |(,0143) |(,0326) | (,0321) |31,35 6,90
. 3,198 | ,0285 | ,0624 |-,4103 |-,4328
Textiles - (,506) | (,0085) [(,0277) 1(,0517) |(,0493) 32,61 8,85
. 2,148 ,0301  -,0281 |-,7885 1-,7906
Clothing (,621) | (,0097) 1(,0371) |(,0477) | (,0466) 24,53 4,94
: 3,061 | ,0280 | ,0039 |-,4305 |-,4828
Wood Products (,703) | (,0135) |(,0316) |(,0687) |(,0676) {26,17 3,25
4,030 | ,0491 | ,1555 |-,6309 |-,5493 |’
Pulp and Paper (,594) | (,0074) 1(,0201) |(,0697) |(,0660) 122,69 | 21,46
o 3,32 | ,0065 | ,1198 |-,5395 [-,5666 |
Printing (,641) | (,0104) 1(,0305) 1(,0719) | (,0734) 23,53 |. C,35
R 3,923 | L0160 |-,0914 |-,4409 |=,4369 |
Bagsia Chemicals (,762) | (,0116) [(,0203) !(,N469) | (,0470) 134,15 2,17
. 3,399 | ,0341 | ,1798 |-,3690 |-,3617 |
Mineral Products | (,679) |(,0145) [(,0315) |(,0635) |(,0602) [46,63 5,04
|
. | 3,765 | ,G354 | ,2632 |-,4280 |-,6553
Basic Steel | (,646) | (,0128) 1(,0366) |(,0786) |(,0770) 126,09 3,82
‘3,113 | ,0326 -,0417 |-,5451 |-,7195
_:wetaz Products. (,532) |(,0088) 1(,0233) [(,0612) |(,0574) 16,36 8,21
>y 3,018 | ,0438 | ,0747 |-,6055 |-,6678
Non-El. Mach. (,554) |(,0115) i(,0308) 1(,0651) |(,0580) ;22,63 8,67
R | 2,823 | ,0221 | ,0895 |-,4909 |-,7191 |
El. Machinery (,668) |(,0148) |(,0386) !(,0689) |(,0693) 140,89 2,83
. 2,795 | ,0051 ~-,0782 |-,4080 |-,4407 |
Transport Equipm. | (,661) |(,0092) (,0162) [(,0473) |(,0487) (21,72 0,31
. - !
] . 3,072 |-,0083 |-,0496 -,5133 |-,5930 |
\Mise. Products 1(,0366) 1(,0717) (,0935) :(,1098) 140,96 0,75




|
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TABLE

AJII.7

Basic Characteristics for

in

9

e

See Notes on p.61,

Hean : ‘Gr'owth rf»fg*_Zope—coe Ff.from regr.on inil iAnalysts of Vari-
! and | rate ‘o dum~ E-dum= {E .and T ance i
- Industry st. dev. imies | mies dummies Fo i Fp
Total Mining | 2,720 | ,0403 | =,0564 | ~,0692 |-,1328 .
and Mamifooturing  (1,233) | (,0053)  (,C111) | (,0187) | (,0182) 85,92 | 77,14
1,024 | ,0213 § ,G451 | =, 6409 | -,6316 |
Mimﬁng cmd Quar. (9654) (9‘3165) ' (903]-?; (91406) (9}-440) 12940 1939
3,639 | ,0293 zﬁ- 478¢ | -,3243 | -,3879
Food Products - | (1,216)| (,0122) | ( 0219) | (,0277) | (,0265) 182,51 | 15,39
| | 2,417 | L0265 | ,2447 1672 | ,1122 |
Textiles L (1,007) | (,0171) | (,0544) | (,0765) | (,0774) 68,56 | 2,98
[ P— 7‘ . - i~ - --i P URURTSSA—
| 2,181 | 0126 | ,5262 | ~-,2768 |~,2888 4
Clothing (1,450) | (,023C) | (,0845) 1 (,1039) | (,1060) 43,89 0,37
3,046 | L0169 | -,1056 381 |- ,0046 |
Wood Products (,600) | (,0115) | (,0265) | (,0422) | (,0422) 64,85 3,18
3,424 | 0456 | ,0676 | =,4325 | =,3568 N
Pulp and Paper (,621) | (,0078) [(,0216) | (,0439) | (,0373) 96,65 50,42 }
- 11,889 | L0408 | ,2833 | -,1014 | -,2852 | I
Printing | (,860) | (,0139) | (,0398) | (,0832) | (,0807) 42,11 6,73
| 2,940 | ,0808 | L0826 | -,0529 |-,0880 o -
Basic Chamicals | (,921)| (O137) | (,0248)  (,0607) | (,0529) 44,52 | 25,44 |
| ¥ - .. mmg
01,930 | L0414 | L1681 | -,3618 |-,3638 |
"\ Mineral Products | (1,231)| (,0264) | (,u592)| (,0933) | (,0909) 81,49 3,22
3,153 | ,0624 | ,2359 3069 | ,7356 | |
Basic Stecl ?(1,@01) (, 197) 1 (,0593) (,0727) | (,0666) 121,79 | 18,35 |
| 2,486 ,uzc7-'§—,1211 ,2034 | L0958 S o
| Metal Products | (,993)| (,0165) (,¥437,§:<30855) £,0835) 39,81 2,96
© 2,324 | ,0520 1 ,3539 . 1491 | ,0956 | )}
Yon-El. Mach. | (,866) | (,0182) | (,0445); (,0945) | (,3928) 34,53 5,36
| 2,592 ,0628 | ,0921 | 3811 | 0660
El. Machinery GO GOLETY | (,0446) | (,0848) | (,0859) 47,80 | 11,03
z S Shi
. 1,983 | ,0507 | ,1873 | ,2944 | ,1832 S |
Transport Equipm. ' (1,202)| (,0166) | (,0292) (,0734 |'(,0793 32,25 5,37
| 2,864 | ,0646 | -,3030 | -,1322 | =,4630 .
| Miee, Products (,687)! (,0240) | (,0304)1 (,0751) | (,0610) 8,30 5,95
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TABLE A.ITI.8

Basice Characteristics InW &

Mean ! Growth | Slope~coeff.frem vegrion Inll tAnaZysis of Vari=
L and | rate lio dum- E~ dum- Eand T ‘once _ .
Industry st.dev. | mies - imies | durmies F, Ep
T ' R g ’ g ' I Wity
Total Mining | 1,984 | ,0458 | ,0308 | ,0130  -,0544
and Manuféot. (,3C0) | (,0012) | (,0026) |(,0111) | (,0095) 9,33 | 362,89
o 2,162 | ,0454 | ,0225 |-,0961 ,0295
Mining and Quar. (,191) |(,0038) | (,0090) |(,0527) ; (,0338) | 13,37 42,80
1,888 | ,0645 |-,0031 |-,0077 |-,1134
Food Products (,363) |(,0033) | (,0075) [(,0336) | (,0281) 5,34 78,72
_ 1,787 | ,0344 | ,0062 |-,0923 | -,0958
Textiles (,191) | (,C029) | (,0105) {(,0330) | (,C258) | 10,43 42,06
. 1,748 | ,0308 | ,0065 |-,1017 |=-,0774
Clothing (,220) [ (,0032) |(,0131) |(,0314) | (,0278) 6,46 22,72
1,949 | ,c360 | ,0341 | ,1129 | ,0383
Wood Products (,188) (,6032) | (,0083) |(,0289) | (,0223) | 10,87 37,87
: 2,098 | ,0960 | ,0400 |-,2751 | ~,0734 |
Pulp qnd Paper (,337) 1 (,0029) | (,0117) {(,0681) | (,0410) 4,89 205,28
o 2,010 [-,0133 |-,0062 1-,0330 |-,0118 |
Printing (,218) |(,0035) | (,0105) |(,0300) i (,0289) | 17,02 8,67
~ b ‘
) ) 2,041 | ,0705 | ,0357 | ,0328 ,0070
Basic Chemicals (,345) | (,0045) | (,0093) |(,0419) | (,0319) 7,18 56,00
_ 2,067 | ,0292 | ,0431 | ,1111 ,1276
Mineral Products | (,207) |(,0042) | (,0098) |(,0363) |(,0306) | 10,97 14,97
) 2,214 | ,0593 | ,0521 | ,1874 | =-,0679
Basic Steel (,214) |(,0030) |(,0127) !(,0460) | (,0265) 9,30 | 106,16
2,027 | 0321 | ,0243 | ,0561 | -,0747
Metal Products (,191) [(,0029) | (,0083) |(,0292) |(,0246) | 10,12 | 33,54
2,058 | ,0312 | ,0081 |(-,0080 | ~-,0196 !
Non-ELl. Machinery | (,163) 1(,0030) |(,0091) |(,0297) | (,0215) | 12,05 39,45
2,062 | ,0475 | ,0632 | ,2796 ,0720 *
El. Hachinery (,295) |(,0059) | (,0168) |(,0543) |(,0510) | 11,58 18,95
. ; : , |
2,008 ,0083 ,0094  1=,0224 | =,0441 | ‘
| Transport Equipm. | (,224) |(,0031) |(,0056) |(,0202) | (,0205) | 12,85 3,64
| 7 . | i
! 1,995 | ,0767 , 0606 ,2806 | ,0378 |
| Misc. Products 0 (,375) [ (,0114) 1 (,0259) [(,0688) L (,0608) | 10,45 13,89

* See Notes on p. 61.



TABLE A.II.Q
Baste Characteristics for B%.-
Hean %Growt/'fz ?'oZonc--cﬂeff from regr.on Zﬂfv’ Analysis of Vari- |
and jcoeff. | No dum- . E-dum— ' E and I ance_ _ _
Industry lst. dev. mies mies  dwmies F Fr g
Total Mining ,6016 | ,0017 0066 | =,0230 | ~,0270 §
and Manufact. (,3867) | (,0018) (,u 35), (,3152) (,0154) 5,00 | 4,58
,5728  |-,0101 | -,0064 | ,3081 | ,2936
Mining and Quar. |(,2980) |(,0075) 1 (,0142) | (,0650) | (,0670)  |11,73 1,28 |
g PRSTENSUU S — o §
,5236  1-,0009 ,0336 | -,0995 | -,1037
Food Products (,4466) | (,0045) | (,0092) | (,0392) | (,0401) 4,86 ,38
,5719 ,0041 | -,0061 | -,3252 | -,3148
Textiles (,2425) |(,0041) | (,0134) | (,0418) | (,0430) | 4 ggm_m‘wnggn )
,5997 | ,0047 | -,0204 ,1013 | ,1097
Clothing (,2017) 1(,0032) | (,0120) | (,0251) | (,0254) 8,75 1,15 |
,7532 | ,0281 |=,1033 | =,3750 | -,4400 |
Wood Products (,8751) [(,0168) | (,0390) | (,1586) | (,1610) | 2,27 | 1,52
,5577 ,0117 , (415 , 1130 ,1387 ! :
Pulp and Paper ¢,2237) |(,0029) | (,0c79) | (,J345) (,0341) 110,23 10,04
,7041 , 0001 | =,0435 | ,1217 | ,1187 ,
Printing (,2203) 1(,0036) | (L0105 (,0352) | (,0358) | 8,86 1,50
,5011 | ,0017 | ,0200 | -,0324 | -,0307 | | 3
Basic Chemicals (,4044) (,‘;3061) (,J";) (, ,429) (,0433) | 7,86 2,85 ;
5539 1 ,0033 | -0737 | L1347 1 1s17 5
Mineral Products §(,2247) (,0048) | (,0101) | (,0290) | (,0291) 120,45 0,99 ;
L5082 =,0005 |-,0418 | ,0889 | ,1020 | |
Basic Stcel (,2206) 1(,0044) i (,0132) | (,0423) | (,0467) | 5,88 1,65
) ;,6283 -,0028 | ,0371 | ,0504 . ,0572 | §
Metal Products (,4293) 1(,0072) | (,0188) ' (,0760) | (,0802) ' 2,88 0,78 ;
* y ,6385 | ,0011 ' -,0486 | -,0499 | -,0548 | | |
flon-EL. Machinery {(,2109) !(,0045) | (,0115) | (,0335) | (,0347) 10,24 0,83 |
| ,6468 | ,0006 |-,0140 | ,1034 | ,1164 |
L. Machinery (,3396) (,0075) | (,0198) | (,0654) | (,0730) | 7,39 1,05
! , ;7728 ?— L0111 ,0518 | 0147 . ,0378 | . |
Transport Equipm. (,3518) (, 0049) ;(,0086 a( ,0419) | (,0429) | 3,79 2,21 |
3 - ,6127 -,0138 | ,035% | -,0661 | -,0070 '
#4zuc. Products (,3816) (,0137) | (,0267) , (s oa17) (,0979) ' 2,87 . 0,38

* See Notes on p.61.
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TABLE A.II.10

e x
Basie Characterzst tes for —
Y
Mean %’Gr*owth—- SZopc—coef‘ from regr.on an'] Analysis of Vari- |
rand coeff. lo dum="E=dum- \E and T gnee . ... _ .
Industry st dev. ! ntes | mies - dummies Fn | Fp
Total Mining | ,5197 f -,0039 ! -,0111 | -,0085 |=-,0031 | 5 !
and Manufact. - (,2120) | (,0009)| (,0019) | (,0037) | (,0037) | 59,08 17,99
| . ,1611 f -,0064 | ,0025 ,0042 | -,0171
Mining and Quar. (,0995) | (,0025)| (,0047) | (,0225) | (,0223) 12,84 | 3,23
' ,6780 | =,0057 |~,0682 |=,0357 | ~-,0265
Food Products (,2141) = (,0022)| (,0041) | (,0074) | (,0074) 78,71 | 9,32
,4998 | -,0104 | ,0286 |=-,0372 |-,0248
Textiles (,1456) 1 (,0024) | (,0079) | (,0187) | (,0183) 19,76 | 7,60
ﬁ ,4962 | =,0090 | ,0603 |-,0121 |-,0169
Clothing (,1753) ’( 0027) | (,0101) | (,0144) | (,0140) |34,63 | 7,02
,6293 | -,0051 |-,0341 |-,0327 |~-,0254
Wood Products (,1362) | (,0026)|(,0059) |(,0148) | (,0149) (21,82 | 2,92
L. t
,6585 © ,0003 | ,0317 ,0046 | =,0022
Pulp and Paper (,1338) 1 (,0017) |(,0046) |(,0108) |(,0110) (55,30 | 3,74
o ,3586 {-,0028 | ,0392 | ,0020 | ,0079 |
Printing (,1545) | (,0025) |(,5073) |(,0149) | (,0150) 40,30 | 2,64
_ o 4977 1=,0009 | ,0257 |-,0284 |-,0310C !
Baste Chemicals (51920) (,0029) {(,C051) {(,0104) |(,0105) 52,34 . 0,84
| ,3402 [=,0038 |-,0049 |-,0363 |-,0342 |
Ahneral Products (,17°5 (,uu37) (,0084) {(,0177) |(,0177) 40,68 1,22
. ,54438 ; ,0006 | ,0254 | ,0371 | ,0383 | .
Basic Steel (,1984) - (,6040) (,0119) |(,0178) |(,0191) 56,11 | 1,35
o | 4686 1-,0083 |-,0112 | ,0141 0473 o |
Metal Products (,1555) 1(,0026) |(,0068) |(,G175) |(,0177)  |20,44 | 5,62
19,4395 1-,0019 | ,0485 {-,0037 [-,0023
,Vbn-EZ thhznery (,1568) 1(,0C33) |(,0084) 1(,0215) |(,0223) 16,63 0,73
i 24997 11,0015 | ,0067 | ,0649 | 0684 |
'EZ Muchznery .(,L423) '(,0032) (, 0083) 1(,0183) 1(,0205) 25,47 0,70
x . i . ) i .
| ; ,4138  =,c003 | ,0161 ,0482 | ,0516
éTran8p0rt Equzpm ;(,1740) ;(,goga) (,0043) [(,0141) '(,0146) 117,06 0,27
g - L5172 ~,0071 b,0452 I-,0653 ﬁ-,0655 E |
;M%Sa- Products 1¢ 1214) (,0043) '(,0075) 1(,0189) i(,0225) 11,13 G,83

See Notes on the next page



a)

b)

c)

[2)Y
14

NIOTES 7O TABLES A.II.4-~10.

The growth rates are determined as the OLS- estimate on b from the
relation: '

- ) e v K i WL M'
Xit~ a + bt + u, . (X = 1nL, 1n i 1n R in T 1nW, T T )

The slope-coefficients from regressions on 1lnN are determined as the
estimates on 1> Gy and cq from the relations:

v = _
Xig = 8% ¢ Iolyy
. ' -V K M o WL M
Xit = ai+ ¢y mNit (X = lnL, in =, 1ln '}}" in X 1nW, R %—
.. = a.+ >, 1aN.
it 3 b * LBIHNlt

where a; are establishment-specific coefficients and bt year-specific
coefficients taken care of by socalled E-dummies and T-dummies respect-

ively.

Fo and F, are defined in Appendix I1.9
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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) o
There is a substantial difference between industries concerning Ehe.

variation of the average productivity of labour with "size'". Imposing the

same intercept for all units for all years in the rggression on 1la N, we get

a significantiy positive glepe-coefficient for six industries and a significant-

1y negative one for three. And allowing the intercept to vary across units,

or both across units and overftime‘we'gef wideiy 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

"gize" variable just to avoid distorted slope-coefficients due

used as the
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 gliminated the systematic variation of both average produétivity
of labour and number of employees both across establishments and over‘time;
the slope-coefficient is dominated by the negative correlation between the

non-systematic components of - lnL and 1lnN.

A related arguement seems to be valid for the other ratio variables also,

where 1nL enters.
d. The Capital Labour Ratio

There are significant differences in the capital-labour ratio across

establishments for all industries, judged by the Fb—statistics. And the Fp-

statistics tell us that except from four industries, Printing, Basic Chemicals,
Transport Equipment and Misc. Products therc 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

4)

growth rate. Among the remaining eleven industries all except one have a

3)Cf. Appendix II.2 and Appendix II.5.

4)But this industry has a substantial growth in both factors. From
Table II.4 we know that the growth in labour input is 6,2%7. And thus
the growth rate of capitel 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 Mining and
Quarrying, Pulp and Paper and Non-El. Machinery are those with thg fastest
growth in the capital - labour ratio.

There are eighﬁ industries with a significantly positive slope—coefficiént
—% on the  size-variable 1nN, when imposing the same »
intercept for all units for all years, while there are three industries with

in the regression of 1ln

a significently negative one. But when allowing the intercept to vary bctWﬂca

units, or both between units and over years, the slope-coeff1c1ent shows an

' . v L.
even sharper drop than for In T - Both when E-dummies and when E and T-dummies
are introduced, the slope-coefficient is significantly negative for all

5)

industries.
e. The Materials = Labour Ratio

The systematic variation of the materials-labour ratio is scomewhat ”mdre
significant" than for the capital=-labour ratio both across establishments and
over time. All FC— statistics are above the corresponding upper 57 fractlle
and the same is true for all Lut one for the EP - statistics. The‘exceptlonJ
is Mining and Quarrying, which is also the one among our induétries'with'tﬁé
lower value of the’FC - statistics. 6) , » S

The trend cof the materials-labour ratio is positive for all industrieé,
and it is significantly positive for nine. Concerzing thé variation with
size there are substantial differences between industries. When‘impdsingAthe‘
same iﬁtercept for all units and all years ('mo dummies" 1nc1udeo) there are
ten industries with a significantly positive SIOpe-coeff1c1ent in the
regrcssion‘on 1aN, while thexe are three 1ndustr1es w1th a ulgnlflcantlyl’w'
negative ome. Thus there are only two industries with a slo pe coeff1c1ent

_ different
not S'gnlbngﬁtly/.TOM zero, namely Mining and Quarry1no and Metal Productu.
The extremes are Food Products and Clothing with co»ff;c1ents of argrox1mate1y

minus and plus. 5 respectively.

3) Cf. the laker paut of 8egtion ¢ of this Appendix fer a probable“‘
explanation of these results. - : . :

6) Strictly spedking o conparlqou or F-statistics over industries is not
directly possibie due to different degrees offreedom. FBut these ~1'v
differences do not matter very much as concerns the fxactlles of the
correspeonding F-distrivutions. Cf. Appenaix II. 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 vhen 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 éigni—
ficantly negative one. : Thus evidently the correlation between the "transitory"
components of IlnlL and InN seems to play an important role for these results |

too. 7

fo The "Real Wage Rate

Not unexpectedly the main dimension of the variation of the real wage
rate is over years. The Foo = values are quite high for mest 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. in the.same way as the growth in value added (or average |
value added productivity of labour) is under-rated. 8), 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
1oN 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, namély Food Products and Printing. It is somewhat more difficult to
explain for this variable than for the previcus ones - the general drop

- - I3 When - . ’ )
in the slope”caefflclenﬁ/E_and,T dummies are introduced. . The explanation may

7) Cf. the later part of Section c of this Appendix. |

8) 'Cf. Appendix II.2 and Appendix II.5



be the way the wage-rate is defined,unamély as wages paid to production
workers divided_by total number of hours worked by this type of employees.
The denominator is clearly ?déitively correlated with the systematic parts
of N, and )resuwably also with the more 't:ansxto*y part of this Varlable.
Thls seems to be true for some of the industries at least, as there are six

1ndubtr1es w1tv a signifi can*ly negatlve SlOUG‘Cngfluleﬂt of 1noN when E

and T - dummles are 1ncluded and only one Lndustry w1th a 51gn1flcantly pos-—
1t1ve one, name}y Mlneral 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 Tramsport Equipments. And these two industries
are also the only cnes with significant growth coefficients, 2 a positive
one for Pulp and Paper and a negative one, for Transport Equipments.

Not surprisingly there are also some 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 EquipmentS it is about
«75 and .77 respectively.

Labour's share dous also show a significant varlatlon with size for
some industries. For three it has a significan tly negative slope*coeff1c1ent
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

llowed to differ the results are rather puzzling with change of sign for a
number of industries etc.

Generally the results suggest that our samplecs for the different
industries are rather heterogencus; that labour's role in production may be

. . . . o oL s 10)
widely different even for units belenging to the same two-digit industry-group. °

9) In opposition to the previous variables absolute and not relative
changes are stuaied for the two share-variables. Therefore the term
"growth rate" is avoided. o o

Looking at the composition of our industries we see that this is not
very surprising. Cf. Appendix II.2.

-t
o’
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h. Materials' Share in Gross Production

The heterogeneity of the\samplestis still more apparent in the results
of materials' share in gross prodﬁctiqn presented in Table II1.10. Tue‘Fc
statistics are quite high for most industries and the across differences are
significant for all industries, Whiie‘thefe are‘significant differences over
years for eight industries. There 1s a qulte uniform dovmward trend in

11)

through Wood Products and for Metal Products the trend~coefficient is signific-

materials' share over time. For the five 1ndustrlcs Mining and Quarrying
antly negative. There are zlso 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 aktout .68 for Fuod Products and about .66 for
Pulp and Paper.

The heterogenelty of the samples is underlined by the results of the
regressions on lnN.  For eight industries the ccefficient of 1nN is‘signif
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 turh 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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APPENDIX 9
. . . . . e . 1
Analysis of Variance of Variubles in Cross-Section [ime-Series Data
Having a random varieble Yieo where the subscripts represent establish~

ment and time respectively, we may have the hypothesis that it shows systematic

variation along the two dimensions in the following way:

L]

i=1, .....0)

(1) Yie = a+Bi +y,*t €. -1 T)
° e e o0 0o J

t it

[}

where o, Bi and Y, are non~random magnitudes while‘eit is a random variable
presumed to be normally distributed with zero mean and constant standard
deviation 0. I is the number of establishments and T is the number of years.
This model corresponds to an Analysis of Variance model with a twe way
classification without any interaction effect and with one unit per cell.

The total sum of squares of deviation from the mean can be decomposed in

the following way:

(2) 8= 1 Iy, W=
i=1  t=1
I T _ _ _ 1 .
z X (y- - V. -y + 7) + T ¥ . -2 - - “\‘2
i=1 t=1 1t 1. .t y i=1 (yi'” y)© o+ 1% (ygt- V) .
=1
or ’
2 o] -
(3) 8% =¢8" + % . o
o c T
I T
Provided that I . = ) , .
B1 E Y =0 which implies no loss of generality we
1-1 t‘.l t . . te .
have that

1) For a detailed discussion Aralysis of Variance models sce:
Scheffé, H.: "The Analysis of Variance”, J. Wiley & Somns, Inc.,
New York 1959.
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[ Yy = A

Yi. Ttilyit @+ 8y v e,

- 11 -
@) vy, = T2 ST et

- 1 I T -

y =Tt Ly, =oate

TTiel p=" 2t

where

€. is normally distributed (O, 72:9
(5) e n v‘v " (0 —

.t . ) . ’ Vi.
p - 0" | " w " ' (0’ ...9....)

YT

It can now be shown that under our assumption we have:

E(Sg) = (I-1) (T - 1)0°
2 I 2
(6) E(S7) =Tz B, + (I - 1)o
c RS |
i=1
T
E(S%) =13 y2 4+ (T - 1)0°
t=1 -
So2 2
And due to our assumptions is x =distributed with (I - 1) (T - 1)
2 o .
o,

degrees of freedom, and SD, Sc and ST are distributed independently.

R I : :
And therefore, provided that I 812 = 0 which implies that all actross
i=1
effects are zero we have that
Sc2
(7) F, =-;—§ (T -1)
o

is F-distributed with (I-1) and (T-1) (I-1) degrees of freedom.



T
And provided that ) Ytz = 0, which implies that all year—effects are
t=1
zero we have that:
S 2
(8 Fp = —5 (I71)
S
o

is F~distributed with (T-1) and (I~1) (T-1) degrees of freedom.

Therefore, by means of {6) we can test the hypothesis:

H, L 8.2 = 0
w0 . 1
i=1
against
I
2
HCl' ‘Z Bi > 0
i=1

And by means of (7) we correspondingly can test the lLiypothesiss

T
2
B, r vy, =90
T
Lo t=1 t
against
T
: 2
H.: Z v.o >0
T1 £=1 t

We get tests with level ¢ if we reoject E“o when we observe
X [ E

> o p : s . 7‘;‘ -1 -y o
FC bl‘ss(l -1, (I 1} (T*l)) and reject ﬂTQ when we observe

Fp > Fo
and I = 16

For our data with T =9 and I =13 at least

b

,(T=1, (I-1) (T-1))°

-c
4 at most (except for Tot. Min. and Man.-vherp I = 907) we have

FO.95, (I;l, 8(1-1)) approximately betwcen 1,90 and 1.25 and

FO.QS (8,8(1-1)) approximately between 2.05 and 1.95
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CHAPTER III

ESIIMALION OF PRODUCTION FUNCTION PARAMETERS Il CASE OF SIMULTANEOUS
 EQUATIONS AIID 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 counterpafts, 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-

1)

eous way. The theoretical frame is the following model.

N ax + Bz + u

(1)

y=-x=bw+v

where y = InV, x = InL, Z = InK, w = InW. u and v are error terms, with
zero means and constant variances, and they show no serial correlation.e)

In this model y and x are endogencus variables, while z and w are assumed to
be exogenous. It is not casy to evaluate the Valldlty 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 1arge but presumably random error component while w and also X
are more sy tematlcly wrong as they both refer to the quaqtlty component of |
labour input ignoring the quallty component. ‘

1) Cf. Chapter I

2) All variables are computed from their means.



1

IF the varlables of D) were correctly meqsured both relations are
exactly 1dent1r1ec und thus a numier of text-book methods, yield consistent
estimates on the parameters. In the next eect:on we show, howevery.that the
prescnce of the two kinds of mcasurement errous mm;géggsg makes such methods
‘generally worthleoo. Eviienblv they are very little/towards such errors.

On the other hand it is shown that crdinary least squprus on the production
function, if yielding estimates omn ﬁge factorelasti ities that are subject
to both simultaneous eauatlops.bla;/erroro of ‘measurement biases is o
generally preferanle, 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 unreasongble price for the elimination of
biases due to simultaneity. l‘ '

Having two or more cross-sections for the éame 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 (1) has to catch
diffevences in maﬁagément and ”énvifnnments" between units. And as more
well-managed units w1th favourable env1ronment5'tend to use more of the inputs
than poorly manag»d ones w1th lass favoura>1e evv1ronmcnts there is a -
positive correlation between the error term and the inputs and thus the OLS:
estimates are subject to sort of simultaneous cquations bias. But in case
we have more than one observation per unit we can eliminate the across= -
specific component of the error term by means of covariance analysis. If the
time series of cross-sections is not too long the differences in manage-—
went and environments across units are presumably fairly stable, and '
having eliminated them from the error term we have also prpsumgbly ellmlnﬂted
the main source of simultaneity. bxas of the OLS-ostlmatPs. -

But we show in the third section of this chapter that this method of
eliminating simultaneous eqaatlons blas is nelther very roboust towards.
measurement errors.. lhus also in this context we may pay.an unreasonable
price for 6btaining es tlmates "free” of 51multaneous equatlons bias.

We have therefore to 1oox rcr o*her methods of . estimation. . If we accept:
the assumptions on which (1) is hased and thus constrain the elasticity of
substitution to unlty, we may estimate the elastlc1ty of - labour aS that
factor! s share in output. This is probably the best cstimate on thaL parameter

cbtainagble in the present context as none of the two kinds of errors afféct it.



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 scale 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. THE PROPERZIES OF THE ILS AND OLS METHODS OF
ESTIMATION IN THE PRESENT CONTEXT.

a. The ILS-method.

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 (IL3) and ordinary least squares (0LS). First
we consider the ILS-method. o -

The reduced form of (1) consists of the second relation of that model

together with: 3) X _ ; o
(2) X "kvlw + T,z tr
S - - B o u - v

where Tt T "y < i and ¥ = 4%

g

Provided that there are no errors of measurement we cun
obtain consistent estimates on b from the behaviour relation in (1) as well

as for the parameters of (2), and thus we get consistent estimates of the

4) o |

factor elasticities 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. DBut 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:

] + (1~ )8

%) &=
]

1

We know, however, that there are particular types of errors of measurement

present and we would like to kno@ how they may -affect the estimates deducted

above. o . _ B
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

productlve petformance of labour is " quantity times quality", variations’

in the quallty-component 1n our Sm?ple makes a potential cause of

inconsistent estimates when 1ab0L” input is measured by the quantlty component

only

Quite probabiyvthe éualiﬁy éomponent of "total"labour input does not show
a quite randow vafiation, as the observed wage~rate,that also refers to the
quant1ty-compontnt of 1aoour, may be positively correlated with it. To
say something more about what can happen to our 1LS-estimates when there are

such variations in labour-quality we adopt the rather cxtreme assumption

'5)

that all observed differences in the wagd-rate"are;ddeité these.

5)  This assumption’ conforns to the one. made aﬁout quallty-dlffercnces
between production and non-productlon workers when constructlng
the labour-input measure applied. Cf. Section IL.3.c. ‘

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" wagc '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.l1 we get under these assumptions

that: 6)

L]
—

plim b

(5) plimé =0

|

plim B
l-a

This is hardly no surprising result as there is by assumption no "real"
variatidn iﬁ 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 p01nted out the assumpt1ons underlying the deductions in (5) are
rather extreme. But matters need not be that bad to make indirect least
squares worthless,d There are quallty d1f erences in labour input across
establishments in our sample and they'/to some. extent at least, corrg%:;sgtso
with’the wage rate. Therefore indirect least squares must give very poor /

Arother reason why the ILS method does not work is the substant-

7

ial errors of measurement in the capital data. Assuming that these

errors are 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.
Dasicly it should not matter in our case whetlier this concerns
pumber of units (I) or number of years (T). But in some cases there
may be arguments for the following kind of probability limit
I +2and T »w but L is constant equal to the value of thls ratio
in the sample.’ :

7) Cf. Appendix 11;6 and Appendix II.T.
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asympthotic biases of the ILS-estimates on the factor-elasticities are,

(l—a) b‘WB
bias & = -
b3 —~ b
(6)
) - - (v-8 b, )B
bias B ® TTaB - b

and the bias in the implied estimate on the elasticity of scale is:

(1 - E)bz,w + b)B
bL_B~=5
2w

m>
[t

(7) bias

or in case of constant returns to scale:

. ~ bB
(8) bias ¢ e

o a2 2 L2 % .2, .
where B = Bk“/(1 - r ZW), ko= ( §~') is the error to total variance

. z . .. - .
is the regrescion coefficient of w from the

7}

ratio of capital input, b

¢

zZw
auxiliary regression of z on w and T, is the simple correlation coefficient

between z and w.
Provided the elasticity of substitution is not too low both biases in

W

(6) are presumably negative as it is veasonatle to assume that bZ >0. But
we see that the denominator may be positive implying a positive bias for

t is reasonable to beliecve that the bias for B

ot

&, but also in this case
is negative. .

Anyhow the nature of the denéuinator is such that even for moderate error-
Varigncé ratios the biases may bte quite seriows. And in our case we must '
expect the present method of estimation to give generally poor results, also’
because_of‘errors of measufement in capital.

~ As the two kinds of errors of measurement discussed are largely
independent we could easily have analysed them simultaneously. Dut this does
not add anything new to the findings 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 measurcment.
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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 simultanéouS‘equations, or in
our case, the endogeneity of labour input. o | o

In the Census 'study the biases due to simultaneous Lquatlons, 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 blases due to

simultaneous equations are:

2
1 -oa) c‘;u

by

bias &

(9) 9
- (B-b bwz) Oy

D,

bias B

And therefore the bias in the estimate on the elasticity of scale is:
(1-e) + b b)) %72
D

where b is the coefficient of z in the auxiliary regression of w on z and:

(10) bias & = i

2

= b" ¢ 2 (1--r2 ) +a 2 + O 2
W Zw u v

(11) o,

We note that the denominator will always be positive, and provided that

¢ <1 the bias in the estimate on o due to simultaneous equations will always
be positive too. \bwz is presumably also positive‘and,therefore,wa cannot
determine the sign of the bias of the estimate on B. Having constant or
decreasing returns to scale, the estimate on the scale-elasticity will be
biased upwards. This is alsc true if we have slightly increasing returns
to scale. We note that provided the "identifying" variables w,z and v 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 helps g to identify the

parameters, and that this is particularly the case for a.



Concerning errcrs of measurement in labour input it could be shown that
under the samevassumptions,about the behaviour of these errors as we have
adopted in the ILS case, we get the following biases when applying the
OLS-methods

[

bias & = o wx Wz o ZX)
D
2

~ a( -b . b )

FX 3

(12) bias B8 = Lk = kL.

2
. R 0‘((]“"bxz)}‘\}wx‘+ (l-bzx)bwz)
bias € =

D’)

-~

where b, b , b and b__ are the slope-coefficients of the simple
wx® “wz’® “xz Zx 4

"auxiliary" regresSions of w on %, w on z, x on z and z on X respectively.
And ’

2

(13) D2 = 1--rXz

Correspondingly we get for the case when having errors of measurement in

capital only:

bias § = ——2% _§ 2
D3 1
(14) bias 8 = —& k2
Dq 1
o=l
bias ¢ = £LZE Dy 2
3
where:
- o .2
(15) D3 = 1 rx,zix

with r _  as the correlation coefficient between the 1égs of labour and the
, -10n. . abour,

. . va 2 Oa,
capital labour ratio and kl = (—=

error of the capital measure and

2. : . .
)7 is the ratio.between variance of the

o
Z=K ' . .
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 1abour input we are con51der1ng.

This is somewhat easier for the biases due to errors of measurement in capltal.
We note that the bias of p is always negative and except of quite pecul1ar
situations the bias of & is always p051t1ve. If the coefficient bZx is

near one, we also note that the bias of € is 1gnorab1e.

These bias- computatlons are, however, partial and this is not quite
satigfactory aS/we would like to know is the simultaneous effect of them.
But such a simultaneous analysis is very compliéated 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 "éstimate" 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 thelformer 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.

8. ANALYSIS OF COVARIANCE.

a. Causes of Differences in Results Obtained from Different Kinds of Data.

In applied econometrics one has two main data-~dimensions;.cross 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 omne
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
units one has so called combined cross-section of time-series déta. 8)
Even if the Iater kind of data has been applied to some extent an
overwhelming fraction of econometric research is based on either pure
cross—section cr pure time-series data. A problem in this context that

hardly has caught proper attention is the often rather puzzling differences

8) Clearly, by aggregating such data we can get one cross—section or
one time-series.



79

9) .
in the results when applying the same model on the two kiunds cf data )

The reasons for this are numexrous but presumably the following are the
more impcrtant. First, one can say a grlorl 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 Ehan.
time-series data. Thus dlfferences in the results may simply be the result
of aggregation, and apparenﬁly difféfent results may suggest that there are
aggregation errors in the time-series results. Third, results ob btained by
means of the two kinds of data may ue qulte different but in dpite of this
both tell the "truth". In this category comes the argument . that, at least
for sowe kinds of relations, such as producticn functions, results from cross—
section data tell us about the long run effec t of changes in the explanatory

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, J.R.: "How Extraneous are Extrancous Estimates?',
The Revie w of Economics and Statistics ilov. 1957.
Kuh, E.: Lgpltai Stoeck Growth: A Micro—Econcmetric Apnroach.
North Holland Publ. Co., Amsterdam 1563,
Herlove, M.: "Recent Empltlca; Studies of the CES and Related
Production Functions} in Brown, M. (ed.) The lhecry and Fmpirical
Analysis of Production, Studies in Income and Wealth wol. 31, 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
cousumption goods: It is difficult to get reliable estimates on price-
elasticities by means of ¢ross—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 easier
to get reliable estimates on the income-eclasticities from cross—section
d ata than from ‘time=-serics data. This has clearly tc do with the

"behaviour™ of the variables chat are necessary for the’ 1dcnt1f1cat1
of particular properties of the relatlan( ) under comnsideration.
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11)

Finally there is, in this context an argument of underlining quite

from such changes.

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 establish-
ments the net-price that is relevant for the behaviour of these units may l
show at least some variation. And if this price-variation is corrclated with
the observed wage-rate, we may get 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. 1abour input may

have serious effects on our estlmates., 2)
And generally the effects of non-deflated output and wage-rate variables

or qua11tyfvarlat10ns in labour input may be quite d;ffe:ent for the two
kinds of data if prices or quality shows a different degree of variation
acrcss 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 "‘ehavxour of varlables, as
this argument refers to variables that have a wide variation in
cross—section data but much smaller variation in time-series data.
_Having for instance establishments of widely different sizes, we can
-use the results obtained by means of these data to "predict" what

~will happen té the endogenous variable-values of a small establish~

- ment that got time enough to expand into an upper size-class.

. A related argument may be valid for a sample 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 endog neous variables fromx one period- to.the
next due to changes in the exogeneous variables, how they are
adjusted in the 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.



We should also mention in this context variations in the capacity
. ut111zat10n of the capital stock which is presumably more important in time-
series than in cross-sections data. In a sense Wwe may, however, have a

related variation along the across dimension due to transitory variation in

. . ces . 13
demand that is more or less establishment-specific. )

. . . . . . - . "
Finally, errors due to variations in management and “environments

should be pointed out. As this characteristic presumably is fairly stable

over time even over a nine-year period, it cperates 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 "enviromments" tend to use more of the inputs than thcse with
poor managemeﬁt and unfavourable “environmentc". In other words, a relevant
variable is left out of the productlon relation and thus enters the errcr
term of that relation. And\as it is correlated with the inputs it makes

the OLS estimates bf 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 variaticns in

management and enviromments is tco.

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

14)

variations in management and enviromments by leans of covariance analysis.

12) We may also have tran31tory variation in supply of materials
implying variations in the capac1ty utlllzat1on along the across
dimension. -For instance this seems tc be a serious problem in the
Census~-study for the identification of the production function

- parameters for the 1unubtry Fish and Herring Oil and Meal
Factories. As we use value added as
the output mecasure tran51tory,variatiﬁns in the supply of materials
and in the demand for the final products have generally the same
effect on the results.

14) See for instance Mundlack, J. 1961: "Empirical Production
Function Free of Mansgement Bias". Journal of Farm Economics,
February 1961. Reprinted in Zellner, A. (ed.): Ecoromic
Statistics and Econometrics. Litte, Browm and Co.. Hoch, 1.1955:
"Estimation of Production Function Parameters and Testing for
Efficiency”. Econometrica 1955 and Hoch, I 1957  "Estimation
of Agricultural Resource Productivities Combining Time Series
and Cross Section Data." Unpubl. dissertation, Chicage March 1957.




They have obtained some puzzling results, particularly that the estimate on
the 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 applying
. . . . . 15

covariance analysis on our time-series cross-section data. )

- We assume that the error term of the production function can be

partitioned in the following way.e)

16) U._ =a. +b_ + u.

1t sy t ]_t =1 I-oo.o.I

i
t=1 l‘.l....T

. - : ki) 11
where a; and b, are assumed to be non-random across and time “effects”

respectively. 5) And u.,_ is a random term which with no loss of generality

it

can be assumed to have zero mean sc that EUit = a, + bt. In addition we

assume that the variance-covariance matrix of U and thus also of u is equal
2 . . . . 2 .

to ¢'I where I is a (I xT) x (IxT) identity matrix and 0~ is 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
e, or bt (or both) in some of the off-dizgonal Llements and a mix of

moments of these "effects"and the variance of the residual in the diagonal

13 . . . s .
elements. ) And if, in addition the across and/or time effects are

correlated with the inputs we clearly may commit serious errcrs by ignoring
thiem.

15) On the apyllcatlon of covariance analy51s on such kind of data see:
‘ Lundlack Y. 1963: "Estimation of Production and Be haviour

_ Functlons from a Combination of Cross-Section and Time-Series Data”

in Christ,,ClF;'(uv.) Measurement in Economics, Stanfcrd Univers—
ity Press 1963. S ' '

16) Cf.‘S¢heff5, H. "The Aﬁaleis of Variance", John Wlley Sons,
Inc. N.Y. 1959,

17) 1In 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 uuhaVlCUr relation
cof (1) also.

18) Cf. Balestra, P. and Herlove. M:"Pwling Cross Section and Time
Series Data in the Estimation of ‘2 Dynamic Model: The Demand for
Natural Gas". Econometrica No. 3, 1966. ‘
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a, and b can also be considered as "shifts" in the production function

across establishments and over time. And if we manage to estimate them

we have also eliminated from the "grnss" residual U't its systematic

variation along the two dlmen51ons, S0 that the presamed wellbehaved "net"
residual U, is left only. “

And this is just what we can do by means of covariance analysis.. But as
W111 be evident 1ater the costs of thls proceﬁure may be too hloh as we then
in fact must use all the systematlc variation al ong both d1mens:ons of the
variatles enterlnb the productlun function. mhus we will stay more

flexitle and c0ﬂ51der the outcome of fcur 81tuarlons.

A) When no effects are eliminated,
B) When time-effects are eliminated.
C) When across—effects are eliminated.

D) When both effects are eliminated.

Case A) 1mp11es that we use the 3TOSS variation of the variables to cstimate
the slope—coeff1c1ents of thL productlon functlon, whllt B) 1mylles that
the systematic variation cver time of tne Varlables 1s ellmlnated before the
slope-coeff1c1ents are estlmatta.' uorrtspondlnglv case C) implies that the
systematlc variation across estaallslments 1S ellmlnated tnd as r01nted out

D) implies that the systtmat c varlatlon along beth d1mens1ons is

0

eliminated. The results for tue capltal-anr scaTL-elasttc1tles for the

21) -

o

four cases are presented in Table III.1.

20) Case B) is the ome which in pr1n01ple yleld estimates on tht slogc-
' voeff1c1ents of a more lonu-run nature, but as the across—dimension
is the domivating one in” our.Sémples-this:is:aieo to some -extént

true for case A). As the systematic across-variation is eliminated
in cases C) and D) the estimates obtained by medns of these are of
a more short run nature. Dut as we shall show the differences
between the results cbtained for the various 'cases' are mainiy due
to other properties than long run/short run-ness of the estimates.

21) lMultiple correlation ccefficients 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 III.2. 22) , 4 |

The results cbtained 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.
Lut 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
23)

24)

"fact" that short run elasticities are smaller than long run ones.
We could also argue along the same lines as' I. Hoch and Y. Mundlack
that when having eliminated the across—effects we have also eliminated the
main cause of simultaneous equations bias. This is not unreasonable for the
scale—elasticity‘as*this kind of bias isvpresumégaiygﬁy%ur 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 behaviourl
relation like the present one, cf. Mundlack, Y. (1963) op. cit.
23) Cf. footnote 20) above.
24) Cf. Hoch. I. (1955) op. cit. and Mundlack, Y.(1961) op. cit.

25) Cf. (10) above.



Table IiT.1.

Analysis of Covariance of the Cobb-Douglas Production Function,

Ho effects Time~effects Across—effects Both effects
eliminated eliminated elininated eliminated
El. of El, of vremw  ble of Bl of ren Bl. of  El. of El., of El, of
Industry scale capital HSE scale capital HSE scale capital scale  capital
o o 0,994  0.272 A ... 0.993 0,263 ~0.895  0.178 0.795  0.076
Tof, Man and Man, (3.005) (0.@07) 0,281 (00005) (GvOC";) 0,273 (Q¢018) (0.013) o (0001?) (O.Gl3)
st o 0,988 0,281 ... 0.997 0,247 . 0,739 0.211 0.773 0,072
Hining and Quat. (¢.022) (0.040) °° (0,040) (C.040) 7’7 (0.110) (0.0536) (0.092) (0.054)
Food Products 0,388  0.372 .. 0.083 0,353 ouang 00738 0,155 6,557 ~0.020
(0.014) (0.025) °° (0.014) (0,025) "% 0.055)  (0.041) (0.053) (0.039)
oxtiles 0.94C 0,293 . . 0.946 0,282 . 1,052 0.295 1,000 0,211
extiies (0.022) (£.034) 177 (0.022) (0.035) y (0.071)  (0.260 (0.074) (2,565)
- 0.993 0,030 . .., 0,995 0,070 ., 0.663 0,060 0,643 0,017
Clothing .021) (9.024) U7 o001y (o.024) P13 (0.051)  (0.039) (2.051) (0.€32
1,092 0.136 . ... 1.089 0,179 1.19%  0.192 1,182 0,123
J " O1 . - ’w‘oz‘ rl Gn a -~ - ¢ - °
Wood Products 0,624)  (0.,032) “2(0.024) (0,038 251 (0.076)  (D.053) (0,076) (C.C54)
in and Paoe 0.806 0,300 0,923 0,237 .. 0.315 0,254 0.415 0,079
Pulp and Paper ©.015 (0.023) ° M0 (c018) 0.023) O (0.066) (0.032) (0.058) (0,629)
. 1.041 0,146 1.04 0,147 0,766 0.103 0,718 0,113
Print n ¢ : @
frinting (g,gég) 0.023) 921 (g.017) (0.023)  °e118 (0.057) (2.032) (6.056) (0,032
. . . 6.195 . 9,932 0,182 1.020 0,077 0.999 ©,00
s hemicals , . N 81 ° ¢ oY
Basic Chemical ©.019) (0.037) 7P (5.019) (2037 2% (0losey  (0.053) (0.061) (0.049)
s 1,110 0,372 1,112 0,313 . ... 0,938 0,39 0,922 0,349
¥Mineral Product Yo 2 L2080 * . e Jdd o
Produets Loz (0.09) 00205 (0.023) (0.040) %% (0l068) (2.054) (0.068) (0,050)
. _ .0 .200 . 1,069 0,173 1.041 0,179 0.609 ~0,142
Basic Steel e o1 O, n 18 > J. 609 142
(§°OZZ) ©.038) 2 (0.028) (0.037)  °15% (Glos3)  (0.052) (C.078) (0.048)
. .9 ¢.129 0,923  ©,104 0.914 0,147 5650 =0.009
Metal Products B - Co z ’ 0.16 . o 15 el i
(0.018)  (0.034) M (o.c18) (0.034) P97 (0.o71)  (0.040) (0.077) (.053)
e Maets 1,078 0.028 1.081 =0,007 1.128  0.234 1,046 0O
Non-El. Machiner . i 0,138 . ol 1.8456 G,112
4 (g.ggﬁ) ©.037) 1% (.02 .03 933 wlo70)  (0.054) (0.074) (0,362
I .0 0.111 1,017 5,098 1.060 0,233 0,674 =0,0
El, Hachiner v ‘ G242 . <D0 % . 0,013
y (?.ggg) (g,ggs) (0.029) (c.042) °237 (0.003) (0.072) (0.1C5) (0.077)
Transp. Equiom. 076 0,091, 1,009 0,089 ., 0.9%4 0,107 0.899 0,089
p. Bquap (Sag;o) (2.g§§) 19 o.010) (0.021) O 4% (Glossy  (0.033) (0.065) (0.033)
WA e . Y “0 *3 (0 F; 05911 0.3‘[ ~ a- ,," 31¢ 37
Mise, Products (6.046)  (0.058) 2410 (5 q43) (o.egg) 0.334 (i.igg) (8:352) (gi;ég) (g:fgg)




Table IIT.Z.

Analysis of covariance of the ACMS-Relation.

Time—-effects

Across-effects

No effects Both effects
eliminated elininated elininated elininated

Industry sbor, B oot mse (U ofwmes T O

Tot, Min, znd Han. <g:g§§) 0.243 (é:ggg) 0.243 g:giz) 0.679 (gjgfi 0.070
ot e e, O ooy GHE o (A0 ooq 938 oo
Food Products (é:é%gj 0.385 (é:égi) 0.336 g:gg?) 0.131 (g:ggg) C.13C
Textiles '(é:ggi) 0.135 (é:ég?) 0.135 (gjg;g) 0.067 <§Zf§Z>. 0.067
Clothing <gI§§§) 0.102 (g:ggg) 0.103 (g:gzg), 9,042 (gzggg) 5,062
Wood Products (ézigg) 0,239 (é:§Zé) 0.234 <§i?§?> 0.101 '<éZ§Z§) 3.003
Pulp and Paper (g:égg) c.131 <§1§§§> 0.129 (gzggi) 5.049 <§i§§§> 3,047
Prinsing o5, 0.0% Olons,  0-09 Olotsy  0:045 o107 0.044
Basic Chemicals (étgﬁg) 0,336 (é:ggg) 0,399 (822225 0.111 <g:§2§) c.111

| - : , oo
Hineral Products (§:§é§> 0.148 <%:z§z) 0,144 A(§i§§g) 0.047 ,(ézééz) 5,047
Basic Steel G:lﬁq) ¢.189 (3:155) 0.150 (5:073) - 0.069 (é:136) 0.067
Metal Products (gfé;f) 0,162 (2:533) 0.163 <é:gg;) 0.079 (ézigf) 0.079
53 0.897 ' . - 2G5

Hon-El. Machinery <§:Zg§) 6.124 (f:zgé) 0.126 (ézééz) 0.048 %:;éi) 0,043
E1, Machinery .075y ©0+163 (é:oeg) 0.165 (0:064) 05056 (525&0) 0.056
Transp. Equipm. | (3:523) 0,135 (g:ggg) 0.135 (é:égg) 0.068 (;:égg) 3,268
Misc. Products (é:igg) C.296 ééti?; 0.313 (é:igg) 0.164 (é;iéz) 3.173

98
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impact on the resuits of eliminating the various effects are also difficult
to explain by short run/long run nature of elasticities estimated or by
differences between industries of the importance of management and environ-
lments as a Left out variable"
Therefore we will seeck other explanations of these findings, namely by
the errors present in our data.

c. Bias-Computations for the Covariance Analysis~Estimates.

The ana1v51s of covariance of the previous subsection implies that the

26
OLS method is used for the estimation ¢f the varicus elasticities. )

Thus thefésfimateé obtained are subject to the three kinds of biases dis-
cussed in section 2 of this chapter. 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. But such computations may yield some suggestion of the
'importancé 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 prOuuct;on and bepav our relation of (1) for ouz and cvz
respectively. 28)
Concerning the production function parameters entering the bias=
formuiaé, we have not yet managed to identify them.. For the factor
elasticities we use, however, a partlcular kind of factor share estimates
to_be qonsi&ered later, as cne of the conclusions of this chapter is that

those are at least "1ess in con81stent than the estimates on these para-

2
mgters cvh81dered so fax 2

26) Ve need 1ot | neceasar11y use. ‘the OLS method for the estimation of

the slopc-coeff1c1cnts in a covariance analysis of the kind con-

'+ .sidered in this chapter. PBut in the present context it does not
seem tc be worth while to try alternatives to the OLS method.

27) Cf. the Census-Study.

28) We know that due to simultanecus 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 errcrs cf measurement in
capital, and the later tias is presumably mecre important than the
former. Thus the way we estimate g 2 probably overstates the
residual error of the production 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 sectiom.
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Concerning the elasticity of substitution we use the OLS-estimates presented
in Table III.2. For the computation of the biases due tc the errors of
measurement in capital we need one additiomal information, namely the ratio
between the variance of the error component of the capital input measure

30)

obtainable, however, and therefcre we assume that k1 = 0,5 or k 2 . C,25
31)

and the observed capital labour ratio. Such an information is hardly

which seems to be reasonable on the average for the four “cases”
The results of the bias—computations are presented in Table III.3, 32)
Considering the simultaneous equations bias first the computafions
of case A) suggest that there is a positive bias in the OLS-estimate on
the clasticity 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 magnitude, but we should note that as the former according to our OLS
estimates seems to have increasing returns to scale, ocur computations mey

overstate this bias. 33)

30) We consider this ratio rather than the ratio between the error-
variance &nd the capital messure-variance to avoid inconsistencies.
Due to our assumptions we must have:

2 O™ _ Oe < . 2 _
k1 02 = 2 T2 1 We have kl 1
z=x O2~x "~ %

only in the case when terL 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 e11m1nated.
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 III.2.

33) Cf. formula (10) above,



When the time-effects are eiiminated the simultzneous equations biases
are abott 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 of data the bias in the scale-
elasticity seemé to be more serious. We should, however, Ee aware that the
bias-computaticns for the two 1éter‘kinds of data may be quite misleading.
There is clearly some truth in the argument . that taking out across effects

34)

the main source of simultaneity is eliminatéd. That is in the present
context, the systematic across effects of the residual is transferred to
the behaviour relation, and back into the production relation via x, while
it is less likely that the systematic effect aicng the time-dimension and
particularly the random component of the error term are so transferred.
Therefore, quite probably, the‘simultanegﬁsveqﬁatiéns~biaées computed for
case C and D overstate the "true" biases. In any case the simultaneous
equaticns tias of the scale-elasticity can not be seriously negative for the
two later cases, and therefore this kind of bias does 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 of bias,/due tc errors of measurement in
labour input it is very much.rclated 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.

Jut we note that this kind of

bias behaves differently. ZIxcept for Electrical Machinery in case A and
D and four industries (but not Electrical Machinery;} in cése 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) op. cit. and sub~section 3.b. above.



Table III. 3,

Bias Computations of Covariance Analysis Estimates
on the Capital- and Seale-Elasticities.

Case . A; No Effects Eliminated B: Time Effects Eliminated
Exrrors Errors ' - Errors ’ Errors
Bias Due Tu Simult, Equat,- in ~ in Simult. Equat, cin in
- ’ Labour Capital - ’ Labour Capital

Industry Bias é Bias ¢ |Bias é Bias ¢ Bias 8 |Bias e Bias é Bias ¢ [Bias é Bias € |Bias 6 [Bias e
Tot, Hin. aud an, -0.16( 0.024 0.066 0,016 -0,099 -0,001 =-0.162° 0,022 0,059 6,015 =0,09% =(0,001
Minirg and Quar. =30.185 0,010 C.026 - 0,007 --0,123 0,024 -0,191 0,007 0.004 0,013 -0,125 0,024
Food Prodncts -1.157 0,016 0.075 6.004 -0,125 -0,016 -0,201 0,013 90,065 0.001 =-0,125 =0,016
Textiles -0,182 0,019 0,083 -0.005 =-0.108 0,005 =-0,184 ©.018 0.069 -0.003 -0.108 0,005
Clothing ~0,190 0.6¢$ 0,031 =-0.002 -0,100 -€,002 -0,192 0.007 0.022 0,060 =0,160 -~0.001
Wood Products -0.098 ¢.022 0,035 0,020 =0,063 -0,001 =-0.100 0,021 0,026 0,018 ~0.063 =0,001
Pulp and Fager  -0,185 0,018 0,081 0,003 =0.i17 0,017 =0,194 0,015 0,027 0,017 =-0.118 0,018
Printing *9.135 0.Cé6& 0,055 -0,016 -0,075 0,008 =-0,135 0.006 0,056 ~0.017 =0,C75 0,008
Basic Chenmicals -0.227 0.821; 0,029 0.018 -0,131 —0.0i3 -0,223 0,020 ¢C,0%22 ©.018 =-0,131 =~0.013
Mireral Products "0.152 C.043 0,073 0,009 -0,122 0,021 =-0,151 -G,045 0,071 0.011 “0.123 G.022
Basic Steel -0,211 0.020 0.034 0.017 =-0.130 0,037 -0,220 0,012 0,017  ©.014 =-0.139 6,036
Metal Products -¢,17C 0,015 0,075 0,015 =-0.0%6 -0,005 --0,175 0,011  0.062 D,Oll -0,096 =-0,006
Hon.-El, ﬁacﬁ. ~G,164 0.012  0.078 ~=0,003 -0,091 0.006 -0,167 0,009 0,059 -0,001 -0,091 0,006
El. iach. -0,172 0,004 -0,057 6,037 -0.,090 0.007T =-0,1783 f%.OQl ~-0,067 6,032 -0,090  ¢,007
Transp. Equipm  =0.105 0,005 0.038  0.007 =0,059 -0,005 =-0.105 0,005 0.034 0,006 =0,059 ~0,005
Misc, Preducts -0.10C 0.067 0.119  0.043 “0;097 -0.0C4 -0,102 0,068 0,126 (,030 -C.097 =~0,004
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Table III.3 (cont.).

| C: Across Effects Eliminated

Both Time and Across Effects Eliminated

Misc. Pr

oducts

Caée D
| : . o Errors Errors Errors Errors
Bias Dus To Simult. Equat, in in Simult, Equat, | in in
‘ ' Labour Capital : Labour Capital

industyry . Bias é Bias g Bias é Bias e Bias é Bias e Bias é Bias ; Bias é Bias’; Biasbé Bias e
Tot. Min. aﬁﬁyﬂaagmﬁ.lﬁ9 0.046 0,084 =0.016 =-0.123 -0.076 -0.197 ©,C82 0,017 =-0.078 =-0,127 -0,082
tizing and Quar. -0,131 0,073 0,085 0,002 -0,144 -0,143 ~0,203 0,035 0.012 0,009 =0,130 -0,122
Tood Froducts  =0,207 0,025 - 0,057 -0,065 -%.164"-0,116 ~0,277 =0.047 ~0.037 ~O.168 -0,170 -0,126
Textiles’ - -0.166 0,044 : 9,107 =-0,050 -0,13% -0,0380 -0.225 =0,013 0;027 -0,083 -0,145 -0.084
Clothing -0.181 0.006 0,030 ~0.03% -~C.,154 =~0.120 =-0,211 =-0,022 =-0,012 =0,09% =C.154 =-0,113
Wwocd Products - ~-G,072 0,052 0,087 0,060 =-0,075 -0,043 -0,114 ©,011 0,025 =0,021 -0,077 ~0,047
Pulp and Faper’ ~0,099 0,097 G,171 fO.235 -0,134 -0,115 -0.18¢ 0,015 6,036 -0,135 =0,127 -0,090
Printing -0,142 =-0,002 0,008 -0.081 =-0,085 -0,055 -0,140 0.020 0,013 -0.082 =0,085 =0,056
Basic Chemicals -0.240 0,012 0,032 =0,024 =0,150 =0,074 =-C.267 =0,015 =0,003 =0,037 =-0,143 =0,C72
Minerai Irvoducts =0,105 0,100 0,133 0,085 -0,131 -0,065 -0,136 0,073 0,081 0,074 =0,132 =0,062
Basic 3teel | -C.153 0;095 0.099 2.128 -0,133 -.062 =0.230 =-0,013 -0.C11 =-0,056 =-0.149 -G,10
'Metal Products -0,111 6,078 0,100 0.03% -0.117 =0,076 =0.150 0,003 0,024 =-0,078 -0.136 -0,109
Hon-%1, Hach, -0.076 0.103 0,142 0,041 =-0,126 .-0,087 -C,137 0,043 0,062 =C,007 -0,141 =0,102
El, dlach,’ -0,054 0,125 6,161  0.190C »0.116‘~~0.073 -0,157 G.QIS' 0,029 =3,010 =0,142 mQ.llﬁ
Tansp. Zquipm. -0.116 -0,003 0,013 ~0.045 -0.063 =-0,027 =0,121 =-0.009 C,006 -0,062 -0,064 =0,029

-0,051 0.142 0,102 0.208 =-0.,126 -0.069% =0,125 0.054 0,065 53,040 =-0,128 =0,081
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industrics negative and for some it scems 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 alsc have the more sevious bias.in';his
estimate due to variations in the quality of the labour input. 35)
Finally we consider the computed biases due to random errors of measure-
ment inicapital input. For the capital elasticity it is qegative for all
industries for all fourf"ééses”, while for the scale-elasticity it is
negativé for all industries for cases C and D. We note that also for this
kind of error the vomputed biases of the scale-elasticity in C and D cases
are moreserious for those 1ndustr1es with the sharpest droo in the estimate
on this parpm@ter when acress: effects or both across ¢nd tlme effacts are

36)

eliminated.. It ohould be underlined, however, that these biases are

<)

comnputad for the same value of k, = -- = ,5 for all cases. Thls

1
ratio may be too high when no effects afe” eliminated, but it is certainly

too low when the across effects or both the time and across effects are

11)

eliminated. There is not much variation in the "true" capitsl-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 temtativenature I think

they provide sufficient evidence to conclude that-go use covarience enalysis

to eliminate the management bias ( or simultaneous equations bias)lin the

OLS-estimates of the production function géz_gg subject to very high costs

in terms of seriously increased biases due to errors of measurement in the

37)

factors cof producticn. In the present case they certainly are too high.

35) Cf. the results for Food Products and Pulp anvaaper for instance.

36) Cf. for instance the results for Mining and Quarrylng ané Food
Products.

37) We will not argue that thlS is necessarily true for data of the
present kind. For instance it does not scem 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 i1s based on establish-
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 tn the ‘factdér-elasticities are somewhat twisted when
across and time effects are eliminated. Generally, the labour
elasticity becomes larger while the capital elasticity is reduced.
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4. A SEARCH FOR ESTIMATION METHODS THAT ARE ROBOUST TOWARDS

ERRORS OF MEASUREMENT IN CASE OF SIMULTANEOUS EQUATIONS

a. A Factor Share Estimate on the Labour Elasticity.

Sc far we have not had much success in our att ﬁpts to obtdin consist-
ent estimates on the production f*uctxon paramcters. In tﬁis:Séction some
other methods of estimation ate c)n91aered.‘ y , S :

In the bias-computations cf the previous zection particular estimates
on the factor-ela~t1c1t1es were gpplled, nanely factor-shares. ;?)

"For the elasticity of labour this estimate~is computed ass
(17) & =5, =oxp 5+ 2ol

where s = ln v~ and n tne nunmber. of observatlons. %) SI is an uﬂblaseu

estimate on the average factor—share assuming the individual factor—shares
log-normally distributed. It is also an unbiased estimate on o prov1ued
free competition and that the units maximize profits on the arithmetic
rather geometric average and provided also that ﬁhe elasticity of substi-

. . ., 40
tution is one. An approx1mafe standard-dgv1at10n of is: )

(18) ogy=ac

We note that & is not subject to any cf the biases discussed in the
previous secticn. We have taken the simultaneity problem inﬁé consideration,
and errors of ﬁeasur¢ment in capital does clearly not matter for this
estimate. Neither does the particular kind of crror in 1abour input
matter. 41) Therefore, even if the assumptioms~on which this factor share
estimate is based are mot complotely‘realistic, wartlcularly the one of

pérfect "ﬁmﬂetltlcn, thls estinate secems to be more rgllablg than ‘those

discussed prev1ously.

138) Cf. the Census-study.

: - . 2 R s
39) Thus s and Gs are the mean and variance of s,

40) BSee Aitchison, J. and Brown, J.A.C.} "The Lognormal Distribution®.
Cambridge Unlvgrs;ty Press, 1963 p. 46

41) We have In where L* = 1LQ and W = X where Q is the quality-
index of 1aboﬁr'iapu§. (q = 1nQ). Q

) oo W v . L,
Therefore 8 = 1n - Correspondingly will incomplete
deflating of the output and wage-rate variables have no effect on s,

s = 1n 3-‘755- 111-:’]-7-1'- s«!x—P'de

<:lv;

!

w|<
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b. Estimates on the Capital and Scale-Elasticities Free of Simultaneous
Equations Bias.

Concerning the elasticity of capital there is now one chvicus way of
estimating it. Namely by assuming constant returns to scale and thus

obtaining:
(19) B =1-&

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 investigétions, we may estimate B from the

relation
(20) © v-8§x=a2a+8z+u

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.
e. 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 OLS-estimates obtained previeusly“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 III.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 B is substantially»higher‘as compared to the
corresponding reéults of Table III.1. But when across-effects are eliminated,
either alone or together with the time-effects the estimate on B drops sharply,
and on the ‘average for aii industries they are not far from the corresponding

estimates obtained when the simultaneity bias is ignored.
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This suggests that the errors of measurement biases are more serious in this case
when analysis of covariance is zpplied than previcusly. An attempt to verify
this assertion is made by computing these biases in a2 corresponding way as pre=-
viously.

It is easily shown that the bias of the estimate on B from (20) due to random

- . . . 42)
errors of measurement in capital is:
2
~ Ue
2y bias B = - 5
[v]
2

And we can show that the bias due to error of measurement in labour input of the

kind previously discussed is:
(22) Bias B = S b
L e
. v eq s % . P 43) A .
where bwz is the "auxiliary” regression coefficient of w on 2z 7. Assuming

as previously that the “true™ § is equal to the capital’s share in value added,

q ? = . a2 . - p
SF and that c; = (.25 0; < Ve get the “estimates” of the biases from (21) and
. -

{22) as presented in Table III.S. v

We note - from this table that when no effects or time-effects only are
eliminated, the two kinds of biases;, under the assumptions made, tend to balamce
each other for most industries, in opposition to the bias—computations presenied
in Table III.3 where the errors of measurement in capital-bias seems to be ore
important than the one due to errors of measurement in labour.

Thus the differences hetween the estimates on 8 in the case when simultaneous
equations errors are present and when they are not, lock generally too small.

For Total Mining and Manufacturing, when no effects are eliminated the difference
is -.082 while the corresponding simultaneous equations bias computed is -0.160 or
almost the double. , ' '

There seems to be one reasonable explanation on this, namely that the biases
due to simultaneous equations are highly overstated by our computations in Table
I11.3, even in the case when no effects are eliminsted. And this is evidently
due to the fact that the computed mean square error applied in the bias-calculations

contains components of measuremeht-errors . of the factors and that these

42) As gz according to our assumptions is a random variable this is an
asympthotic bias.

43) Under reasonable assumptions it can be shown that these two biases are
additive: That is the joint effect of the two kinds of errors of measu-

R 062
rement is, bias 8 = = —5~—'+ Swav
Oy, -

The biases are computed separately, however, to make an evaluation of
the importance of each kind of error possible,
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Table III.4.

L

No effects Time effects Across effects Both effects

Industry elizminated elininated elininated elfminated
8 MSE 8 MSE 8 MSE 8 MSE

Tot. Min. and Man. (g:ggi) 0.229 (g:ggi) 0.281 (g:§$§>' 0.114 (g:égé) 0.103
Mining and Quar. (g:gig) 0.192 (g:gig) 0.185 (825@2) 0.072 (g:ggz)‘ 0.056
Food Products (O oty 0-445 O 0.424 (O oagy 04189 (oagy 0+16
Textiles Oootgy 0156 (oot ©-155 S22l o.083 5231 0.081
Clothing ©ror7y 0-158 (O1aar oass J0%0 o.0s8 01023 o.0s6
Wood Products (g:gig) 0.295 <g:ggi) 0.292 (g:ggi) 0.120 (gzégg) 0.112
Pulp and Paper (g:gfz) 9.179 (gzgig) 0.150 (gzégg) 0.088 (g:ggg) 0.062
Printing "(g:gﬁg) 0.129 (g:éfg) ogléi (g:ggg)' 0.054 (g:égg) 0.051
Basic Chemicals (8:322) 0.547 (g:gi;). 0.529 -tg:ggé} n,186 (g:ézs) 0.169'
Mineral Products (g:ggg) 0.218 k333?3> 0.222 (g:gig) 0.057 (g:gig) 0.056
Basic Steel (0. 020y 0223 (Oootgy 0210 (07020 0,104 0 oagy 0-071
Metal Products (2100 o179 320 oarr Q0 oo 3002 0.094
Non-E1. lachinery (g:gfg) 0.172 (g:gig) 0.173 (g:ggg) 0.067 (gfégf) 0.065
El. Machinery (gzggé) 0.261 ‘(g:ggg) 0.257 (g:égg) 0.095 zg:ggz) 0.081
Transp. Equiprent <§Z§Z§> 0.166;'(8:315) 0.166 (g:égg) 0.091 ‘(g:ggg) 0.091"
Misc. Products (8:333)' 0.407 (g:ggg) 0.354 043 0.294‘.(8:333) 0.234.

(0.124)




Table III.5.

Biases of the Capital Elasticity Estimates Due to Errors of Measurement in Labour and Capital.

Across—effects

No effects Time-effects . Both‘effects‘ 
elininated eliminated eliminated . eliminated
Bias B due to - Bias B due to Bias B due to Bias,@ due to
Industry Err. of | Err. of Brr. of | Err. of | "Err. of| Err, of Err. of | Err. of
labour | capital labour | capital labour capital| labour capital
Tot, Min, and ian, 5,031 | =0.032 0.025 | -<0.03L | 0.063 | =0,113 | -0.G03 | ~0.117

iin, and Quar.
Food Products
Textiles '
Clothing
Wood'?foduc;g
Pulp -and Paper
Printing

Basic Cﬁemicals
Mineral Products
Basi§ Steel
Metal Producis
Non-El, Machinery
El.-Hachinery
Transp. Eq@ipm‘

Misc, Prod,

0,013 | ~-£.019

- 0,017 | =0,036

0,022 | -0.029
C.012 | =0.044

0,024 | =0,013

- €,028 =03,026

0,020 | ~0.032
0,030 | =5.022
16,023 | =0,033
0,027 | -0,024

0,019 | -G,020
0,00¢ =0,625

0,011 | =C,011

0,071 ~| =0,039

9.010 | -0.013

0,018 | ~0.028

5,010 -C.043

0.020 | -0,015
0,020 | -0,025

0.010 | ~0.023

G.0183 ~0.032
0.029 =G,022

0,015 | ~9,033
o, )

021 =0,023
“0.014 -

3}
-3,001 -0,025
0

0.085 | -C.144

0,032 | ~0,154
AC.,O54 “Qo 119
0,008 | -0.147

9,081 | =0,067
0,154 | -0
-0,003 | -0.
0.014 | -0,125
0,117 ~-0,110
0,105 | =0,119
0,089 | -0,110
0.113 | -0.116
0,165 | -0.105

0.211 | ~0.132

~0,063 | ~0,161
~0,013 | ~0.122
~0,020 | ~0,146

0,515 | -0,071
0,022 | -0,124
0,001 | -0,082
0,017 | ~0,123

0,078 | =0,107
~0,013 | =0.142
7.011 | =0.132
2,042 | ~0,130
9,023 | -0,138
-0,012 | ~0,054

0,361 | -0,116

L6



components are only partly balanced by the negative bias in this estimate on the
mean square errsi/to sinultaneous equations. A

We also note that in this case the bias in fdue 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 éimultaneousvequations errors were 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 magnifude in the present
and the previous caSe44). To a less’ extent this seens also to be true for the bias
due to errors of measurement in 1aoour, 'A

As pointed cut the two kinds of error-biases computedrtend to balance each-
other in the present case, when no effeCts‘or time effects only are eliminated.
Thls 1s, howaver, not ¢enera11y true when the across effects are ellnlnated also.
Thus/we now observe a sharper drop in the estimates on B when covariance analysis
is applleds as compared to the case where the s;multanelty,errqrs Were 1gnored,
we have two"explanations for this: When no effects are éliminated the generally
higher levél of the estimates on § is a joint effect of the elimination of the
simultaneous equations bias and reiuced net -effect of the errors of measurgyiggaseso
But when applying covariance analy31s (both across- and time-effects eliminated)
the net effect of the two errors is about the same as when the simultaneity efrors

are ignored.

d. FEstimates on the CapitaZ and Scale-Elasticities Free of‘Both Stmultaneous

Equations Bias and Irrors 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 2 . . . .
o, = C.25 ¢ » 1n the case no effects are eliminated, but that we cer-

Z=-X
tainly underestimate thlS error in the case across— and time-effects
are eliminated.
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Considering relation (20) we have, when ignoring errors of measurement in
labour a classical error of measurement problem as concerns z. From the lit-
terature a number of methods are available to “solve” thispro’?lem° We will con-
sider only one class of methods, nenely instrumental variablesqs)° In the present
case the number of potential instruments that could serve our purpose 1is, however,
very low. We can in fact think of only one oréinary variable, pamely 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 dataae),‘that in a special case is equal to a particular application
of dummy-~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 Ty = 1 for the lower third of
the upits and r, = 0 otherwise,'and fz 1 for the upper third and r, = G other-
wise4l). Using ¥, = r;s as an instrument for z in (20) we get the corresponding

el

estimate on B as:

- s, (x 1)
(23) g = j_’
zZ

where the bars indicate means and the subscripts indicate size~groups.

45) Cf£. for instance Sargan, J.D. "'The Estimation of Econonic Relationships-
using Instrumental Variables”. Ecomometrica, July 1958,

46) Cf. Wald, A. "Fitting of straight lines if both variables are subject
to error®, Amnals of Mathematical Statistics, vol. 11 194C, and A. -
lMadansky; “'The fitting of straight lines when both variables are subject
to error”,; Journal of the American Statistical Association, 1959. The
properties of this method in various applications are considered in
Gabrielsen, A. “Grupperingsratoden”, Merorandum from the Institute
of Ecanomics, Ur irer91by of Oslo, 15 Apr:l 1969.

47) -u? findings of some studies 1n61Cate that under rathﬂr wide conditions

he efficiency of the estimates obtained by the method of grouping
is bast when about one third of the units of each extreme of the
observations are included in the way done by us in the present context.
Cf. Bartlett, ¥.S. ."“Fitting a straight line when both variables are
subject to error® Biometrice, 1942, Gibson, W.M. and Jowett, G.H.

" Three-group” regression analysis, Part ' I; Simple regression analysis’,
Applied- Statistics, 1557, Hair, R.R. and Shrivastava, M.P. "On a simple
method of curve flttlﬁb s Sankhya, 194%2 and Theil, H. and Yzeren, J.
“On the efficiency of Wald's method of fitting straight lines”,

Revue de 1'Institut International de Statistique, 1956.

48) A related method of estimation is applieduin the Census-study.
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e s . 49)
And we get a standard error of this estimate ass 7

(24) Og = 7= — -
i/n 2

2 B/ , o
where 9, is the standard deviation of the error term and n is the number of obser=—

vations of the sample. o

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 equations bias and errors

Loy)

of measurement in capital~-bias.

e) A Comparison of the Various Estimates Obtutnea on the Capital and Scale-=
Elastieities.

The results for the method deducted in the previous sub-section are presented
in Table III.§ together with the results for the capital elasticity and the scale
elasticity obtained by means of the methods previously discussedsg). ‘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 B
only) are free of all three kinds of biases, but may be subject to other errors
due to the assunption made about constant returns to scale. The third set is
subject to biases due to errors of measurement, while-ghe final one is subjecﬁ
to bias due to errors of measurenent in 1abour'input only In 1ight of the
bias computations above the:al ferences betzeen the different sets of estimates
are as expected. |

On the average for our industries the factor—-share estlmaCes on the capital
elasticity is about 507 hlgher than the pure OLS-ones. . But for a number of
industries, such as Clothing, HetalvPeructs, Non-El., Machlnery, El. Machinery

and Transport Equipment the difference between the tWo_capita1~élasticity 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 capital—=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 (¢?). But an inspection of
this approximation for Total Mining and Manufacturlng sugpested that
it does:not - understate unduely the "true” estimate of this variance .
(implied by the estimates obtained on the factor elasticities, SI and B).

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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Table III.6. 4
Letinates on the Capital-Llasticity and the

Elasticity of Seale from the Cobb-Douglas Relation. .
Fact;zrszare Factzzrsgare Xlein Wald
‘néustry OLS Factor share OLS for B method
feriﬁ |
: d ;o Y 8 g 6 e
‘ot. Yin, and Han, (i;igg) (g:ggg}< (r‘327 (g:ggz) ?.957 (i gig) .G36
ining and Quar. (L:“”é) (g'iigi (g,gl§> (u'gzz) 5.024 (g 310) 6.950
'ood Products (gigég) <S,§i§> (0.009) (323?2) 0.890 (g.éls 0,945
extiles (32522) <§'3§§; | \:.ffg) (g:éié) 5022 | ('35, 0.951
‘lothing (or020y | noan | Groes (oioagy | 0858 | 2r30y | 1.053
Jood Products (u,igg) (é:ggi) (éiéié) (g.ggg) -038 (L.f23> 1.142
'ulp and Paper Oog§§> (82232) o, :fg) (g:gii) -884 (g.g?é>~ 0.524
'rinting (0023) | @071 | (0.000) Coory | 0970 | olorgy | Lo
lasic Chemicals <§:é§§} (g:gfg) g:g§§> (Qmiig)‘ 0.933 (2:232) 1.023
fineral Products (g:é§§> '<é:é§§> <§:§§§§ (c.?;3> 1.039 '2.gf?) 1.076
lasic Steel <§:ggg) (é:g;g>‘ <§;§§§> <: &;;> 0.930 <¢.3§2> 1.055
etal Products | ('p | (U015, | (oronn) ey | 908 | (0laasy | 0:9%8
fonEL. Hackinery | (3'0y | (0'TI) | (olenny (Sioasy | 0-969 | (57003 | 1034
i1. Machinery orcasy | 0 Cony | cooams ooiagy | 0933 [ s | 1ae7
lransp. Equipment (iiéii) <i.SZS) : <g:§§§), 2:212) 1.045 (g:gfi) 1.07¢ =
fisc. Products (0. 948) (3;3225 ,<§:g§§§~ ooamy | 0950 | (305, | 002

L) e =1 per assumption.
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is several hundred precents.

As expected the factor-share /OLS method 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 the gcale-elasticity above
one. In the former case there are thus siyx industries with an estimate on the

capital elasticity below the factor—share estimate on that parameter.

f. An Attempt to Elimincte the Effects of Quality Variations in Labour Input.

o

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 cf estimates presen-
ted in Table III.6 is, however, subject to biases due to quality variations in the
labour input measufe only.

We have previously argued that the assumption made about the behaviour of
this error is rather extreme, ramely that the quality component of labour input
is perfectly correlated with the observed wage-rate. The results of the ACMS-
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 implies that the precper labour
input measure is WL and not L. By doing this we should in the case factor share
for a ané OLS for B is applied get the same estimate as by subtracting the computed
bias in B due to this kind of error(cf.Table III.5 when no effects are eliminated)
£from the corresponding estiﬁate on B when L is applied as input measureSI).

In Table III.7 the results of our methods of estimation when WL is applied
as the labour 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 the "pure” OLS-method is applied, we can “predict" that the dif-
ference between the two estimates on g, when L and WL is applied as
measures of latour input is larger than the computed bias as this bias
is computed by assuning o = SL which is smaller than the OLS estimate on
this parzmeter.
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Table IIT.7.

A Comparison of Different Estimators of t

the Elasticity of Secale from the Relation v

e Capital Llasticity and

= afwtz) + Bz + u”.

OLS

Factor share

Klein Wald

Industry for a Method
OLS for8 .
8 € 8 € é ;
Tot. ia, and Han, | S0 0977 | 0323 g g | 0410 | g oy
Mining and Guar. g:égé) 2:5§i) g:gig) 35,911 5 2%?) .951
Food Products (g:égi) (g:gig) (g:gig) G.873 (g.gié) 0.947
Clothing (o k€:3§u> (o 06 | 0+048 (§;§3§> 1.036
Wood Products .(g:égg) {l°g;§‘ (g'ﬁfg) 1.018 (g'ggé} 1.123
Pulp and Paper | ooy (ST 800y | 0.056 (g°g§?) 0.095
Basic Chemicals (g:égg) (gzgfg) (T.fig) C.916 (gzggi) 1.001
lineral Products (g:égz) (é:éi;) (Z:gi5> 1.011 (g:iig) 1.053
o poiitel I ot "

tetal Products <é-§§2) ?:55;) (;:§§§} 0.870 | o oany | 0939
Non-El. Machinery | (o'0on | (2'01S (gziig) 0,051 | o3ty | 1.032
El. Hachinery (Gizy | oo ooy | O9% | (iaany | 10wt
Transp. Equipnent '  (§,§§8)‘ (é:ggg) ‘<g:§gg) 1;534 1 {2:333). 1.66%°
tisc. Products <2fé§§;* o o3s | ooany .é.éza (oroany | 0w00
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equations bias is eliminated also, and the final set of estimates should be "free"
. . 52)
of all three kinds of bias® /. Dut due to the extreme assunption made about the

error in the labour input measure we will rather argue that the last set of
estimates presented in Table III.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 III.6 represents

53)

the same kind of upper limit of these estimates.

g) Errors of Measurement and the Estimation of the 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 Fuenta-approximation which is a Taylor expansion of the CES relation

around the value of the elasticity of substitution of one which corresponds to

aN
the Cobb-Douglas case.SJ’ Excluding terms of third and higher orders we get this
approximstion as:
(25)  vo=yx oy, y,(ext.
1 2 3

The factor-elasticities implied by this relation depend on the capital-labour

ratio. But we get directly the values of these elasticities as o and 8 for the

52) The standard error of 8 is computed by means of formula (20) using the
estimated standard deviation of the error term obtained from the OLS
regression when WL is applied as the labour input measure. Thus this
standard error of B is approx1mate in the same way as the standard error
of this estimste 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 III.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, 180-18¢%
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mean of the log capital labour ratio by rewriting rhe relation as:
= =2
(26) v = ax + Bz + y(z=x-{2-x))

And it can be shown that the elasticity of substitution for the mean of the log

capital labour ratio is 56)3
@27 b = —_—1
AL CLID)
afB

But evidently as there are serious problems present when trying to obtain reliable
estimates on the factor elasticities from the Cobb-Douglas 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 means of (26) and
(27). The simultaneous equations biases will primarely have the effect that the
product of o and é in formula (27) is biased downwards. As shown praviously 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 Manufacturing for instance is ".24 the
product of the OLS—estimates is ~.14. Thus, even if the effect on the estimate
on y of simultaneous equations is rather unpredictable, this kind of error pro-
bably bias the estimate on the elasticity of substitution away from one. For

the same reason this does also seem to be the nain 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 £ and particularly on y are seriously
biased downwards.57) Generally & is biased upwards which implies that this kind
of exxor has two opposite effects on the estimate on the clasticity of svbstitution.

It is biased towards one because y is biased towards zero, whilc 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, nanely

K 3 - (3 P . E)
z=xX = 1n-f. But as it depends on the capital/labour ratic only, the

Kmenta-approximation is a homothetic production function.
Cf. Griliches, Z. and Ringstad, V.: "Error-in-the-Variables Bias in
Non-Linear Contexts." forthcoming in Econometrica.

w1
~3
o
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away from one because && is 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

is a bias of b towards one. We have for 1arge samples B B(1=1) angzas constant
returns to scale is assumed, a ~ o + BA, and Y ~ Y(1- A) , where A = 332 the

ratio of the error variance to the variance of the measured log capit§171abour

ratio. Therefore

~

(28) b -

DN

_r
- Zy(d-d)
S CToV

which clearly implies tbat,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 comstrained to one. And it is done both when L and
WL is applied as the labour input neasure. Second we estimate y when the meavs
the
of /factor elasticities are constrained to be equal to these factors shares in

value added. Thus we have:

(29) v o- SLx - SKz = Y(z-x~(5—§))2
and
(30) v - 8 (whx) - 5.z = y(z=(w) - (= (o))

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. ‘

Table IIL1.8 the results of these computations are presented for Total
ﬁining an;lﬁanufacturxng. We note first that all results from the Kmenta-relation
implies that the elasticity of substitution is above one. This does not corre-
spond quite well to the results of the ACMS relation which suggests that the

. . P S 1: ) R -
elasticity of substitution is below one.v‘) This divergence leads us to try the

58) Neither do these results correspond quite well to the results 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. b= .871 fron the Zmenta relation and b= .950 from the ACHS
relation.
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Table ITI.8.
Estimates on the Elasticity of Substitution from the Kmenta

Relation and The ACHMS Relation for Total Mining and HManufacturing.

Methed of Estimation Y b
Unconstrained OLS (I) (i°ggg) 2.144
0.054
Constrained JLS (I) (: 325) 2.140
. 5.026
7 - 1 ¢ e
Keenta- anonstka}nea QLS (11} ! (0.005) 1.573
relation | Constrained 0.8 (II) . ,g’gg§> 1.641
Factor share/OLS (I) (g°ggé) 2.255
- 0.045 .
Factor sharefOLS (II) (0.005) 1.593
: ; . 0.070 | o ape
Factor saare/S.d.i.v. (I) (9.011) 2.357
, 0.992
[ -
AGUS OLS 5.016)
Relation | 8.d.i.v. - (202?2)

¥ - . . . .
I refers to L as labour input measure while II refers to WL as labour input
peasure. S.d.1.v. refers to size-dwmmies instrumentel variable method (or

Wald's method of grouping).

size-dummies~instrumental-variable method also for the ACHMS relation by ranking
the units by the size of W. After all W is computed as a ratio between two .
characteristics that both may be subject to errors. But according to the results
of this estimation this does pot seem to matter. In fact the estimate on b shows
a drop compared to the one obtained by means of the OLS-method.

The constraining of the elasticiiy 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 epplied either. We note that the effect of the elimination of
the simultancous equations bias on b depends on if we have elininated the errors
of measurement in labour bias or nct. If not vy is  slightly bigger and if
so it is slightly smallr compared: to the constrained OLS results. The elimi-

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 mnor
the error of measurement in capital-bias seems to be very important for the esti-
mation of b from the Kmenta-approximation.

The errors of measurement in labour bias seem to be more important but again
we should remember that we presumably overstate this kind of bias by our compu-

tations.

. Summary.

The findings of this chapter provide sufficient evidence to conclude that
in econometric studies like the present one,vone 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. 1In 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. 1In particular indirect least squares does definitely rot work in our case

due to errors of measurement.

3. HNeither does analysis of covariance work as this method also is very little
roboust towards errors of measurement.

4, TUsing 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 simultaneous equations bias, it does also

seen to reduce the importance of the errors of measurement biases.

5. Estimating the elasticity of labour by means of the factor share nethod and

the elasticity of capital by means of the size-dummies-instrumental variables
nethod 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 iucreasing returns to scale .in Norwegian Mining and Aanufacturlng.
That we in this case generally get a somewhat lower estimate on the scalo—elaut1c1ty
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 Horwegian Manufacturing is

a decrease of the scale—elaSulblty with scale.sg)
T. The results concerning the elasticity of substitution are rather inconclusive.

T 59) 1In the Census ~-study a slightly different size-group method was applied
in the estimation 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 Manufacturing
was, £ = 1.050 while using WL yielded € = 1.025,



109

Appendix IIT.1.
Deduction of Biases of the ILS-Estimates on the Production

Punction Parameters in case of Errors of Measurement.

a. The Effects of Quality-Variations in Labour Input.
The model is;
y=ax + fz +u

(1

yx = bw + v

1)

where vy = 1In¥, x = 1InL, 2 = 1nK and w = 1nlf “.

The "correct’model is, however:

y = z 4 fz +u'
(2)

* *
y=x =bw + v'.

* . % . .
where x =x + g and w =w - g where @ = 1n(} and Q is the quality-level of labour

input. And we get

u=u'+ aq

(3

<
i

vl + (1-b)g

We assume that indirect least squares when applied on (2) yields consistent
. ) . exogeneous.
estimates on the parameters, assuming y and x to be endogeneous, and z and w /
Frovided 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):

~ ' ¥, v . - )
(4) b= Eiz—gli =+ 20 +(12b>Q)W
w w

1) The variables are computed as deviations from their means.



Due to our assumptions:
(5) plim b =1

From the second reduced form equation:

b B u=v
(6 x 1~-o W 1-a 2+ 1~a
or
(7) X =MW + o2 + r
we get
A = waZzé = ILXZ2LWZ - + Zrw 2~ -~ Lrzlwz
1 D1 1 Dl
(8) 4 = sziwz - _Ixwivz _ T+ ZrzEw2 - Lxrwiwz
2 D 2 Iy}
1 1
Where:
(9) D, = Tonz? - (Iwz)2
As
Zu'=v' = (1-a-b)q
(10> ‘ FE 1=a
we gek
plin ﬁl = =1
(11
; S
plim f, =7, = 15
Thus:
plin o = 0
(12)
plin B = £



=
e-...l
=t

b, The Effects of Errors of Keasurement in Copital.

We apply the model in (1) while the “correct’ model now is:
* %
y=o0x + £z +u
(13)

y-x = bw + v

o ) % .
where the "true neasur& of capital z 1is equal to our measure minus an error term

e with constant variance and which is distributed randomly:
That is:

*
(14) zZ = z-e

Indirect least squares applied on (13) is assumed to give consistent estimates.
Fronm (1) and (13) we get that

(15) u=u - Pe

We note that the estimation of b is not affected of the error e, and clearly we
have in this case;

(16) Eb =05
As we now have:s

an r=l — V= le

we get, by means of ordinary least squares on (7), using formulas (&) and (9)
and (17):

1 *» 2 * X
I:;(E(u -v=32e)wiz = L{u =-v=fe)zlzw

1 Dl

(13)

)!. (s}
E%E(Z(u -v-ge)zIv - Z(ukmv-ie)wZzw
ﬁz = wz + = -
“1




112

And we therefore get that:

b
S _E_ W 2
plim m, = m, + 35 7k
lurz‘\"
(19)
A 8 1 .2
1 = - ——
pHn T, =T, < 133 7k
1-r

v . . . . . L2
where bzw’ 7 and T, 1S the correlation coefficient between z and w and k
o
e2 . . . . .
=Cg—) is the error to total variance-ratio of the capital input measure.
z

Thus we have that:

- (l-a)bsz
plin (a=a) = g5
ZW
(20),
N (b-gb__)B
. A
zW
where

2 2
(21) B = Pk /(1-rzw)
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re IIT. 2.

Table A.TII.1
Coefficients from Auxiliary Regressions AppZzOd in the

Bias~Computations of Section IIL3.

A: Ho Effects Eliminated.

Industry bxz wa W2 bzx bzw bxsz‘x
Tot. Min. and Man., 0.6893 0.0252 0.0521 £.9902 1.2365 -0.0214
Mining and Quar. ©.7102 | 0.0213 0.0221 1.1915 1.9373 ©.6496
Food Products ¢.8165 | -C.0102 C.0324 G.8753 0.4081 -0.3885
Textiles 0.639C | -0.0014 0.0381 1.0462 0.9889 G.1142
Clothing §.5702 | =0.0047 G.0204 €.5819 0.3676 -0.0235
Wood Products G.7137 0.0265 $.0326 0.9915 | 1.5542 ~-(.0208
Pulp aund Paper 0.6792 0.0261 5.0501 1.1429 0.6517 0.3632
Printing §.6290 | =C,.0152 0.0143 1.1G15 ©.3938 £.1853
Basic Chemicals 0.8372 0.3307 0.0400 0.9021 3.7666 -0.3580
Mineral Products 0.6962 0.0413 | 0.0546 1.1756 2.9454 0.5203
Basic Steel 0.6029 0.C459 0.0456 1.2668 1.5340 0.47C1
Metal Products 0.7971 ©.0169 0.0433 0.9434 1.3439% ~0.19C8
Non-El. Machinery 0.7344 0.0042 0.C292 1.0691 1.5491 0.2175
El. Machinery 0.66783 0.05G4 0.0089 1.0784 0.1616 0.1711
Transp. Equipm. 0.8760C 0.0C5¢ 0.0142 0.9202 G.6179 -0.3798
Misc. Products 0.6226 G.0606 0.1164 0.9552 0.2119 -2.0719
B: Time Effects Eliminated.
Industry b__ .. b b b . b

XZ wz Wz zZX zw ¥,27X
Tot. Min. and Man 0.6%11 C.C241 G.0477 3.9897 1.335% -0.0228
Mining and Quar. 0.7147 0.023¢9 G.0181 1.1949 2.5898 0.6909
Food Products 0.81%0 | =0.0131 0.6242 0.8749 0.3916 -0.3928
Textiles C.7035 €.00C8 0.0322 1.0480 1.0655 0.1219
Clothing 3.5734 0.00C0 0.0159 .9863 0.3393 -C.0183
Wood Products 0.7170 0.0236 0.0260 G.9903 1.7292 ~0.0229
Pulp and Faper 0.6858 ©.0379 | G.0361 1.1562- 1.0651 0.3988.
Printing 0.6291 | -0.0153 G.0147 1.102¢ $.8330 . 0.1862
Basic Chemicals 0.8378 0.0312 0.0370 0.5029 1.0028 | =0.3572
Mineral Products C.6925 0.0423 0.0521 1.1769 3.3085 0.5341
Basic Steel 0.62060 0.0364 G.03ce 1.2603 2.1778 0.4656
Metal Products C.8075 G.0119 0.0338 0.9390 1.2857 ~-0.2143
Non=-El. Machinery 0.7430C 0.005C 0.0226 1.0792 1.6947 0.2340
El. Machinery C.56694 0.042G | -0.0011 1.0760 | -C.0242 0.1668
Transp. Equipm. 0.6461 0.0045 0.0136 0.92C0 0.,6011 -0.380¢
Misc. Products 0.6191 C.0406 0.1080 0.9608 2.9144 -(,0621
*
X = 1lnL, 2 = 1nK, w = 1nW




C: Across Effects Eliminated.

11k

1 1
Industry bxz wa 0z bzx b —
Tot. Min. ané Man. 0.2124 | -=C,1133 0.1040 G.3772 G.1915 | -C.3081
Mining and Quar. 0.002% | -GC.1452 0.1493 0.GC84 0.6551 | -0.2554
Food Products 0.2375 | -0.1998 G.0602 $.2519 0.0534 | -0.3334
Textiles 0.3364 | =C.1%44 (G.0946 G.42383 0.23C4 | -0.4036
Clothing 0.1327 | -C.1871 0.0134 0.2175 G.03C0 | ~0.4458
Wood Products 3.1827 0.0142 0.1075 0.4293 5.5961 | -0.2811
Pulp and Paper 0.0404 | =0.C840 0.2773 0.1435 0.2583 | -0.2006
Printing 0.1279 | =C.1232 | =0.CG45 G.3526 | =5.0255 | ~0.2121
Basic Chemicals 0.3224 | -C.08C3 0.0274 0.5039 0.0392 | -C.3190
Mineral Products - 0.3200 ¢.0339 G.2113 0.5061 0.7003 | -0.3147
Basic Steel 0.2055 0.1591 .,2053 0.5362 0.6378 | -0.13828
Metal Products 0.1831 | -0.0417 ¢.1437 0.3510C 0.6256 | -0.2930
Non-El. iach. 6.238C | -0.0083 0.1839 0.3067 0.8589 | -0.412%
El. Hach. 0.2621 0.1393 0.2622 G.3744 0.3849 | -0.3724
Transp. Equipm 0.2884 | -0.0661 | -0.0051 6.5672 | =0.0330 | -0.2362
Misc. Products 0.3764 | C.2475 0.2310 0.4516 0.4348 | -0.4230
D: Both Time and Across Effbéts Eliminated

Industry bxz WX bwz zZx bzw X2=X
Tot. Min. and #an. | 0.2141 | -0.14381 | -0.0051 0.352¢ | -0.0120 | -0.3333
{ining and Quar. 0.0476 | -0.0029 0.0202 0.1255 0.2033 | -0.2584
Food Products 0.1981 | =0.2674 | ~0.1204 0.2624 | =-0.1450 | -0.4098
Textiles - 0.367% | -0.172% | =-0.0233 0.4204 | ~C.0834 | =-0.4449
Clothing 0.2009 | -0.1503 | -0.0487 | 0.2318 | =-0.1373 | -0.4546
Wood Products C.2216 | -0.0438 0.0202 2.3891 0.1851 ~-0.3089
Pulp and Paper 6.G337 | -0.2850 0.0389 0.2903 0,0967 | ~0,1826
Printing 0.1244 | -0,1275 0.0011 0.3476 2.0074 | =G.2105
Basic Chemicals 0.3283 | -0.0662 | -0.0344 0.5169 -(.0866 | -G.3136
lMineral Products 0.3613 0.0644 0.1406 0.5238 03.6007 -0.3356
Basic Steel 0.1391 -0.0050 | =0.0343 0.3119 | =-0.2912 | -0.2628
Metal Products 0.133% | -0.1575 0.0172 0.2025 0.0856 | -0.3755
Hon—~El. Mach. 0.2791 -3.00C8 0.0661 0.2778 0.4673 | -C.5016
El. Hach. 0.1415 | -0.0522 0.0362 G.17C0 0.05384 | =0.4458
Transp. Equipm. G.2737 | -C.C844 | -C.0160 C.5445 | -0,1C42 | -0.2397
Misc. Products 0.2641 G.0997 0.3642 0.3441

=0.0068

~0.3852
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CHAPTER IV,

O TESTING OF MULTIPLE HYPOTHESES,
1. Introductiom "

In eccnometric studies testirng of hypotheses is a valuable statistical

tool to investigate the importance of various "causes™, 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 cormon Teature of exploratory studies
based on data about which little is knowm a priori.

The tests thus carried out are usually partial, that is each test-situation
is treated separately. And having 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 widely different
natures. Thus one may be interested in the testing of a varity of hypotheéeé
that are not all related in a way*that‘makes: an overall multiple test
procedurs applicable, But even  in such cases something could te done if
one managed to divide the hypotheses into groups so that multiple test'proF
cedures could be applied on each group‘sepérately. '

Multiple testing is a fairly mew branch of theoretical statistics and
thus the second basic difficulty one runs into #hen‘trying to apply ﬁﬁltiple
test methods on particular problems in econometrics is just toifiné_aﬁ appro-

. - . . . 1) . . B :
priate method for which the 'properties are known. ° This is also a main

1) About the litterature cf. Scheffé, H: op.eit., Miller jr. R.G.
"simultaenous Statistical Inference” Mc, Graw Hill Series in Pro-
bability and Statistics, 1966, Gabriel, K.R.: "Simultaneous test
procedures - some theory of multiple comperisons". The Annals of
Mathematical Statistice, February 1962, See also Malinvaud, E.:
Statistical Methods of Econometrics”, Horth Holland Publ, Co.,
Anmsterdam 1966, ch. 7 §3.
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problem in the present context. What we manage 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.

(1a)

(1b)

The basis of our illustration is the two relations of our main model, namely:

|(i=1...1)
{(C“l...‘l‘) )

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:z)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 1b 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 omne-hypotheses when te-

sting the validity of the ones of zero means.

3)4)

Thus we could have the following test-situation for the production relation

2) We ignore the deliberate inconsistencies between la) and 1b) pointed out
in Chapter I. - ‘ , " '

3) Theftest-sitUationvfor 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 ig trivial provided that we are not par-
ticularly interested in the identification cf the intercept.



1T

2a H ¢ Bu, =0 : e
(2a) : ' '1=1,..1
ft=l.,.T

Zb 12 Eu, = a, +
( >.. it 1 bt

And assuning the error-tern is normally distributed one can apply an

ordinary F-statistics to test the nullwhypothesis.5>
In case,H' is rejected, hoveverg we do.not know if 1t is due to the across

or the time component of tie mean, or both.  Im case we would like to know that,

we should rather carry out two tests, with the nu11—hypotheses.
o : A
(32) B : Eu, a,

(3b) Hg : :uit = bt
with {(2b) as the common one—hypothesis.
But in the present camawe are 1nterested in an even further 1nvest1gat1on of
the nature of any variation of the error mean. In our two-way c1a331f1cat10n
there is one observation per cell only. And the one-hypothes1s above implies that
each cell may have its"own"errar;mééh. But if one or both/the null-hypotheses -
above are rejected it may qalte well be due to a more "constrained” variation
of the error mean. It could be tvue tnatjbr each of our industries the error
mean varies between sub-industries’ only; while it is constant within sub-indu-
stries. And it could also be true that the variation of the error mean over time
is equal to a trend.’ : A s o "' L _
This is the frame ﬁifhin which we will work in the search for the "nature” of
any variation of the error mean. In Table IV.1 we present”ihe various potential
types of error mean: varlabxon 1ﬁp1 ed’ b* this ff"e, with an explanatlon of their

v

contents zand a notatlon to be used for thea in the followlng.

%) 1In this case the F-statistics would be:-

T1. TI. 2 C N ) £
I e M (3 Cawevn-2
obs TLa 2 I+T-1 : o )
PRI ~

it

where ﬁi is the estimated residual for the production function for
“ecell” “7(i,t) under the mnull hypothesis and ﬁit the estimated residual

- hesis (u!, = u, -a,~b ).
under the one hypothesis (uit u as t)
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Table IV.1

List of Types of Error Mean Variation.®

| . . Nota-
No. Type of Variation Explanation | Jota
tion
Eu. =a. +b Error-mean may vary between establishments ,
1 it i
1 t » and show an constreind variation over years| E and T
‘Euit = cj + bt _Error-mean may vary between sub-industries
(c =a =a =a but is constant within sub-industries, and
27 ny”"""| it may show an unconstrained variation over
2 ) a == i ‘ J“ [
€r=a, 4 an.) time | and T
Tl I . S —
Error-mean may vary between establishments,
Euit = a. + bt and any variation over time is constrained
3 to a trend. E and t -
No variation of the error mean across
Euit = bt establishments while it may show an un-
4 constrained variarion over time. T
‘Eu. écj+bt Error-mean may vary between sub-industries
(c.= ‘ éa but is constast within sub-industries, and
1 3" 2 ny’*"" | any variation over time is constrained to'a
5 --:CJ na 417 2n ‘trend. : : - C {Jand t
' 155 e | - N |
Eu. = a | Exrror-mean may vary between establishments <
6 it i ‘but it shows no variation over time. E .
L Wo variation of the error-mean across
Eu, =bt establishments- and any variation over -
7 LT time is constrained to a trend, t
Euit = c, Error-mean may vary between sub-industries
(c.=a.=a J=a that is constant within sub-industries, and
B 1 %1 22" o ng it shows no varlatlon over tlme ' o d
8 + e C.=8 =.=a ) .
» Jd "n, .+
. g-1tt "y | |
O 1S No variation of the error mean either
9 Bu, =70 . % e
it across establishments or over time. 0

i=l...I, I is the number of establishments.:

j=l...J, J is the number of sub-lndustrles (cf. Appendlx 1I1.2).

t=l...T, T is the number of years.
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These:“types éf variation” presented in Teble Iv.1 fiake 2n hierarchy with the
more generalltype’(l) on tOp"and the less general one, (9) - no variation - at
bottom. It is not unique, however. In Fig. IV.l we see that there are five
"levels” in this‘ﬁietarchy‘with (1) in the first,{2) and (3) in the second, (&),

(5) ané (&) in the third, (7) and'(S) in the fourth and (9}‘ihftbe fifth.

J and t%

Fig. IV.1

The Hierarchy of Types of Variation of Error Heans.

. Fig. IV.1 will ser%e as'éﬁschemevof testing of the néture of the er?br
mean‘s vatiatibn. And the strategy of the testing is the followxng In the first.
round the two alternatives at tﬁe b-level (u and 32) serve as null~hypotheses
and they are each tested with "a" as the one—hyyotao31s. If both are rejected
there is ev1nence of estaollshment—spec1£1c and yeﬂr—spec1f1c dlfferenyes in the
error mean. If @1tner b ‘or b2 or bLoth cannet be regectea the testlng is con-
tinued, With the qflevelxtjpes of_varxatlon as null—hypotheses.i If gay bl is
rejectéd but not bzb no further testlng is'.carried out along the left main-branch -
of the hierarchy in Fig. IV.1l. 1In ‘that case we test cz‘

1
If both are rejected bz is the'optimal” type '0f error-mean varlatlon. If

) poe If dy

29 is the "optimal" type of error-mean variation. If not a flnal test

and c22 agalnst b2
say Cy, is not rejected while c21 is, we test 4, agalnst ¢
rejected ¢
is carried out, e against d,. Aqéveither éZVOr'e is the “o?tlmal",type, depend—

ing on the rejection or nou-rejection of e by this test.
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But clearly if bl 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 bl versus a

and d2 versus ¢ concern the same parameters. There are also other possibilities

21

of 1ncon51stenc1es, as we may get more than one optimal type of error-mean vari-

6).

ation. But such problems we do not runm into in this context. )
The individual tests are carried out by means of F-statistics. As pointed

7)

out one do not manage to determine an exact level of the overall test. 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 uﬁper limit of the level is determined as the

8)

is high, however, this upper limit is of little interest as it is presumably far

sum of the levels of the individual tests. If the number of individual tests
off the "true" level.g) 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 67.

The secopd test procedure is developed by Spjotvoll and is also based on

F-statistics,lo) For each of the individual tests we use the ‘modified" F-statis-—
ticsll)
2 2
e 243 Y EyED-a
obs 2 T+T-1
Qe

where Q and Q are the sums of squares of the residual under the null-hypothesis
and one-hypoth931s respectlvely and Qk is the sum of squares of the residual for

the type of error mean variation of the more general kind, i.e. the one at: the top

6) They gre, however, apparent in the mext chapter when trying to apply a
' related scheme of; testing on the nature of technical change. Cf. Sectlon.
, V.3, Cf. also Section IV.4.
'7) The overall level of the multiple test is the probability of accepting -
a pdrtlcular one-alternative when amy one of the other: alternatxves
specifiad in the teecxng scheme is txght.
8) Cf. Malinvaud. E; op.oit., o
9) Cf. Section 4 of this chapter.

10) SPJ¢CV?11 E: f%ultlgle Comparison of Regress1on Functlons .
Unpubllshed paper - 1969

11) a is the number of SlOUQ“COPfflClentS, and thus a=2 for the product1on
relation and a=1 for the behaviour relation. .



of the hierarchy. Both Qi and the degrees of freedom, which are those of the
ordinary F-statilstics of the tests of 2a) versus Z;), are common for all indi-
vidual tests. | ' v _

Now, if we carry out the same testprocedure as for the first method of testing
but reject each null-hypothesis for which Fébs z:F(l*e),(I+Tm1)s((I-l)(T—1)~a)‘
we have an upper limit of the overall test of €. We choose € = 57 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 1ib) 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 magni;udes‘bf the F-values computed we present for
for Food Products in Tables IV.3 and IV.4 the values of the ordinary F-values

CFobs

. o to . . 7
Spjetvolls F-statistics (Fobs

ting is the same (5%7) for all individual tests. The industry Food Products is

) as compared to the corresponding upper .57 fractiles (Fo 995) as well as

«) In the later case the fractile used for tes-

selected as this is the one with the highest number of 2stablishments as well as
the highest number of sub~industries. o

From Table IV.2 we note first that the two methods of testing yield somewhat
different results. Generally the Spj¢tvoll method is rougher towards the time-
components of the error mean, as compared to the ordinary F~statistics nethod.
This is not so surprising as the former method does not take care of the highly
varying nuaber of patametefs in the individual tests., Thus it does not seen to
suit quite well to the test-situation considered in this section.

According to the results obtzinad by ordinary F-statistics we have for the
Cobb-Douglas relation that the optimal type of error mean variation is the same
for all except one of the fifteen industries, namely individual variation across
establishments and a trend variation over time. For liineral Products the optimal
type is individual across-variations. | A |

For the ACMS-relation the results are also the sane for all but two industries,
namely individval variation across establishments with no variation over time.
Rather surprisingly the optimal type of error mean variation of the ACHMS-relation

for Pulp and Paper is the more general one, while the optimal type of error mean



Table IV.2

The Res..lte of Multiple Tests ofltke Error Means of the Cobb-Douglas and ACMS Relations

- Optimal Type of Error Mean Variation No. No. of
Cobb-Douglas ' ACMS of - sub~
Industry Oord, ‘ Spi¢tv.e - Ord. Spigtv. establ, ind. ™
F-statistics F-statistics | F-statistics F.statisti.: ' :
Mining awd Quar. . E and t E and t E and t E 26 7
Food Prod. : "E and t E and t - E E 164 22
Textiles - Eand t E E E 58 7
Clotning 3 - E and t E E E 67 7
Wood Products” »and t E E E 45 8
Pulp and Paper L E and t Eand t 'E and t E 103 6
Prianting - E and t E E E 63 6
Basic Chericals - E and t E and t E E 72 16
Mineral Prod. E ©E E E 36 12
Basic Steel E and t’ E and t E E 42 6
letal Prod. E and t E B E 60 10
Hon-El. Mach. = - - 'E E , .37 &
El. Hach. ¥ oand t E E E 34 7
Transp. Equip. E and t "B 'E E 87 11
HMisc., Frod. E and t E “E E 13 3
* The suo-ipdustrics are two,three and four digit industry groups according to the Norwegian

&ersion of the ISiC-code. Cf. Appendix.II.2,

AN



Table IV.3

Testing Scuerme jor the Error Mean of the Cobb-Douglas Relation for Féod Products
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Table IV.4 _
Teeting Scheme for the Error Meen of the ACMS Relation for Food Products.

i

[ as E and T effects'} '

J

B
i

F 7.50 . F 0.74
obs . obs
Fy.995 = 140 |Fo.995 = 2:85
Al = I =
Fobs 6.30 jFobs 0.03
. > :
blz J and T effects b2: E and t effects
e T
- — \ . —
i & g . n ] . ) C . -1 " N
i Eopg £40.69 Fobs 0.44 E Fobs 5.06 Fobs 9,41
| Fo.g95 = :00 Fo.995 = 283 | Fo.g95 = 8.00 Fo,905 = 1-40
[ -1 = : 4 = : R L = F 1] =
| Fous §€.60 Fobs 0.03 % F obs 0.03 robs 6.30
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obs obs
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v = 0 =
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e: No effects?
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Fo.950

fcT



125

variation for Mining and Quarrying is individual variations across establishments
and a treed over time. .
- . . . - . L. gﬂ;f?”7
Thus when applying the ordinary F-statistics method the results are Iair &
for each relation across industries. The difference between the relations is
easily explained by the fact that if the elast1c1ty of substitution is close to
obtained
one, which is just the result / by the behaviour relation for most industries,
the neutralshifts over time in the intercept of this relation should not be

2)

. e 1
significant. On the other hand if there are technical cbanges of some im-

portance over time, not accounted for by the input measures we should have sig-

3 Using the Spje¢tvoll

nificant shifts over time in the production'function.1
method these shifts are significant only for the more heavy industries Mining and
Quarrying, Pulp and Paper, Basic Chemicals and Basic Steel together with Food
Products, whlle this method yields significant shifts over time in the behaviour
relation Ior no industry. Shlfts in the two relations over, time aresubject of

further discussion in the next chaptet.7

4. Results of a More Complex Test.

In the multiple test schemes studied above even the more general alternative
{E and T) is quite restrictive, as it presumes that the slope coefficients of
the relations concerned are constant voth across establishments aqﬁ over time.
We will in this section comsider a more complex multiple test situation where
differences both in error-means and slope-coefficients are involved.

The ana1y31s is carrled out for Total Mining and ianufacturing oaly. For
a glven year we assume that all parameters (error-means included) are constant
within each industry, while they may be different for different 1ndustr1us.1
Over time the parameters are allowed to have trends, common for all units.

. . . L. 15)
Thus in the less restrictive case we have the two relations as: 2/

12) ¢£. 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. Machinery and Non-
Electr. iachinery, and for Transport rquipme*xt"'and'Misc,rProducts:.
This is done due to certain capacity problems of the program applied
in the computations.

15) Wote that we here redefine the error terms 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) In Vit = aj+bt+(uj+yt)1n Lit+(ej+ut)ln Kit+€it

v
(4b) (1n i?it Cj + dt + (Gj+nt)1n wit‘+ v

it
i=1... 907

. j=1 -oa'-13

t=1 eee 9

where € and Vi, are the “pure” error terms assumed to have zero meams, constant.
variances and no serial correlation. : , N

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 &is@gs-v
sed in the previous section. In this case the number of altermatives is, however;.
much higher. As there in (4a) are six "effects“,1§> the’fifst round of testing‘ iﬂ
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 rouynd. these
15 are one-hypotheses for 20 null-hypotheses which in turn are onme-hypotheses
for 15 null-hypotheses which in turn are one-hypotheses for € null-hypotheses
which are one-hypotheses with a commen null-hypothesis, namely when all
parameters are constant over the sample. For the ACiiS-relation we have a related
scheme. _

It is easily shown that the number of alternatives in a testing scheme like

the present ones is: - ..
2 on
(3 ()

where m is the number of "effects” subject to testing, in this case six for the
Cobb-Doqglas'relatioh and four for”the AQMS’re1ation."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 bys

16) The across and a time "effect" for each of the interCept, the labour
elasticity and the capital elasticity.



Table IV. 5

-

Results for the Cobb-Douylos rvelation for the Yoptimal combinations” of across and time variation of thz :coef'f'icienv’;s%‘z
El.s of capital
Industry and scale 1963 ,
Iater- 1n L 1n K ¢ 1n K El.-of El, of Lntfr- . 1n L - 1n K El, of
cept capital scale cept R scale

. 1 Ouarpvi -0,044  ©.743  ~0,012 0.253 0,996 . =0.041 0.745  0.251 0,996
Mining and Quarrylng (g 189) - (0,060) (0.043 (0.046) (0.025)  (0.18Y) (0.060)  (0.046) (0,025}

e o e 00.525 40,095 0,360 0.885 0.526  0.360  0.286
Bod Products (Base) . 2.036 . 0759y 0.025) (3.019) . (n.o11)y 02D (0.C19)  (0.019) (0.011)

il ~0,175  0.683  +0,0 0.255 0,948  =0.174 0.681 0,266 0,947
Tctiles {0.222) (m 053)  (0.046) (0.043) (0.027)  (0.222) 7.053)  (0.043) (0.027)

Clothing €.159 929  ~0.1990 0,066 0,995 0,166 0.934  0.061 0,995
lething (N.194) (0,043) (0,036) (2.033) (0,028)  (0.194) (0.043) (0.033) (C.028)

ood Product -0,591  0.915 ~0,092 0.174  1,08%  =0.595 2,915 0.175 1,091
WEIEEEORHEES (C.177)  (0.041) (0.039) (0.035) (0.023)  (0.177) (0.041) (0.035) (0.022)

: 0.201  C.649 . =0,007 . 0.258 0,907  0.186 .. 0.643 . 0,263 0,906

3 Tar s . A U P Fin A 4 Y O .

Pdp and'Paym& {0,152y (0.037) . (2.033)- C.00h2 -{0:028) - (0,018)  (C.162) 00362 (0.037) . (0.028) (C.C18)

L -C.28% 0.8¢8 .=0,124 . .o (0,141 1,039 . =0,290 . . .. 0,898 0,142 0,940
Printing (0.373) (0.023) " (0.036) 00093 (oln33y - oinas). (cfiz3y (0+0021) (0.043)" (0.033) (0.024)
tnsic Chemical 0,269 0.793  ~0,076 0.190 0,983 0.254 0,73 - 0,188 0,982
fagic Lhenicals (0.163) (0.027) (0.030) (C.026) (0.014)  (0.164) (0.027) (0.026) (0.014)

ftoeral Product -0.925  0.814 0,034 0.299 1,113  =0.940 0.8tz 6,302 1,114
tincral Frocucts (".190) (0.055) (0.046) (0.043) (0.025)  (0.190) (0.055) " (0,043) (0,025)

Pasic Steel -0.179 0,894 =0.089 0,176 1.079  =0.197 0.889 . 0.181  1,07C
asie otee (L.231)  (0.061) (0,045) (0.042) (0.032)  (0.231) (0.061) (D.042) (0,032)

eal Product 0,644 0,826 =0,154 0.101 0,927 0.643 0.827  0.120 0,927
Metal Products (C,206)  (0.044) (0,044) (0.040)  (0,022) . (0.206) (0.044) . (0.040) - (0.022)

Non,El. Mach. ] 0,85 0,999 -0.214 2,052 1.051 . 0.098 0,993 0,052  1.050
El, Machinery . ©2.163) © (0.032)  (0.036) (0.032) (0.020) - (3.168) (0.039)  (0.032) - (2.020)

Transp., Equipm.| -0,396 © 0.874 -0.093 0.172  1.046  -0,396 | 2.875 0,171 1,046
Misc, Products | (u 135) +(0,024)  (0.028) 5.023) (0.012) = (0.135) - (2.024) - (0,023) (0.012).

$.930" ' ‘ R = 0,929 MSE = 0,2450

® . Note that in Lna computatlons t = 59 60... 67,
-4 . . .
1) Less tban 5'1u

MSE”= 092337

RN
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(6) I @)
i=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 1nd1v1dua1 tests the upper limit of the

level of the* overall test when u51ng the ordlnary F—statlstlcs method becomes

quite high, at least for the former relation.

Lable IV.g
Results for the ACMS relation for the "optimal combination” of
variation of the coefficients.

Industry o - Intercept . - 1oW }'
. . - 0.058 © 0,989
Mining and Quarrying (0.348) (0.157)
Food Products (Base). - :* ) | 0.624 | : '(éfégg) .
Textiles ‘ ~0.143 - 1.082
(0.200) . (0.105)

) Q.66 0.870
Clothing © 0:163) - (0.085) .
Wood Products Zé'gig (é'igg)
Pulp and Paper 0.454 0.798

. (0.115) (0.045)

. ~. 0.003 ' 0.885
Printing (0.190) '~ (0.089)
Basic Chemicals - : 0L179 = - ‘ 1;047

(0.126) (0.052)
Mineral Products , ' 23'3225 S o '167224)
Basic Steel Prod. (g.gggj ‘k (g]?gg)
Metal Products | _tg'gig) 5 (8'1325
Non. El. Machinery ‘ ‘ .
. -0.020 0.957
El. Machinery }“ (0.173 (0.077)
Transp. Equipm.‘ -0.024 0.885
Misc. Products (0.140) (0.062)

R = 0.603, MSE = 0.2122




For the Spigtvoll method we can, however, as previously determine the level
independent of the number of‘tests, and also iq this case we use 5Z.

Carrying out the multiple test by the two methods we run into a "dual optinmum”
problem for the Cobb-Douglas relation; the same one for beth methods. Both
optimums imply industry-specific intercepts and factor—elasticities, but while
one implies a trend in the capital elasticity the other implies a trend in the
intercept. Our testing procedures do mot allow us to choose between these op-
timums. But we note from Table IV.5 that the former optimum yield sléghtly better

14

ot . . . . 1 .
fit. Thus if anything that one is more "'optimal” than the later omne. 7 We also

note from Table IV.5 that the two optimums yield approximately the same results:

13)

concerning the factor- and scale-elasticities. Thus also in this respect the
two optimums are almost perfect substitutes. ,

For the ACMS 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 %ntercegt and the elasticity of
substitution,while no trends are pégg;ugj?ighgg.tgis finding supports the results
of the previous section suggesting that the error mean generally varies along the
across-dimension only. In addition this eptimum 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 analys2 the nature of possible
differences in parameters of structural relations along 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.

v

17) Cf. Section V.3.

18) To make the results of the two 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 nethods applled are quite satisfactory. The one based on
ordinary F—statlstlcs ylelds an upper lxmlt of the overall 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'éne we are in cases with a high number of
alternatives at 1east, able to determine a less conservative level of the test.
But on the other hand/has 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_thé tesfing.scheme.

But even if the methods applied are not quite satisfactory we have dared to
present some‘illust:ations of the application of multiple tests in econometrics.
And in the next chapter we have some further examples of applications, related

to the ones presented in the present chapter.
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Chapter V,

N THE ESTIMATION OF TECHNICAL CHANGE ;
SOME PROBLEMS OF METHOD AND MEASUREMENT.
1. *troduction

As should be fairly evident from the discussion in the previous
chapters the present empirical base is not particularly well suited for a
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 heterogénous production units etc., there are
four of particular relevance in this context. 1. The time~dimension is.
"too short" to meke an investigation of technical change by means of
pure time series data possible. £. The price data applied have some
apparent wesknesses that may affect quite strongly the conclusions obtained}
particularly of the degree of techrical prugress. 3. We have applied a
common, and constant depreciation ratio for capital for all industries, and
thus do not allow for differences due % the capital mix or the"recentness”
of the capital stock. U4. We have no measure of the degree of utilization
of the capital stock. _

But provided that we don't forget these weaknesses, I think we can
throw at least some light on certain aspects of technical change in
Norwegian Mining end Manufacturing by means of the present empirical base.
In addition we'll also try to figure out how and to what extent the data
problems mentioned may have affected the results obtained.

The basic relation of all studies of technical change is, explicitly
or implicitly the production function,end technical change is usually

defined in the following way. Having the production function:

(1) ¥, = £,(K,, eeey X))

where Y is oubtput and Xy een X are “inputs end the index t denctes period

i

1) A good review of the theory of technical chenge and its application is:
M. Brown: "On the Theory and Measurzuent of Techncleogical Change".

Cambridge University Press 1966. Another famous and very stimulating study
is W.E.G. Salter: "Procuctivity ard Technical Change”, Cambridge University
Press 1966 (Second edl). A survey (that regrettably contains e number of
confusing errors) of econcmetric studies is: L.B. Lave: Technological
Change: Its Conception and Measurement, Prentice Hall,N.J. 1966. A recent
econometric study that considers a number of different specificstions of
the nature of technical change is: M.J. Beckmann and R. Sato: "Aggregate
Production Functions and Types of Tecanical Change: A Statistical Analysis”.

and Economic Growth', OECD-Report, Paris 196L.




of time, technical change is identified as shifts in the function "f "

v

over time in opposition to movements along 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 "ftf shifts.g) 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‘estimaﬁing 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 inproper parameter estimation on the
estimate of the shift in’the production fuhction as well as on the estimates
of the contributions to growth from labour and capital. h

In these calculations we use the measures of output, labour
end capitel as defined in Chapter iI. _

There is a particular problem connected to the use of combined
cross—~-section time series data for the study of technical change, namely
concernlng aggregatlon over thc across-dimension. Using individual estab-
145hmcqt~3§ti72§p *géjfﬁé ner type of aggregation than when using pure
tine-series date available for the different industries in that kind of
relaetions. 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. Sato: op.cit.
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In the third scction of this cnapt@“ various approaches are ‘explored’
to determine the nature of techn1“a1 chang;. We are l,ar’cj.cu‘uzamly interested
in the neutrality/non-neutrality aspect. First we try e CES relation w1+h
factor-gugnenting technical change for this purpcse. Second we apply a '
Cobb Douglas production function with a generelized trend allowing non-
neutral shifts, and third we explore the embodyment hypothesis by means of
& rather rough ad hoc metinod. In this section we have also some computations‘
where materials enter more explicitly into the production function and we
present finally some computations in an attempt to "explain” 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 the relevance of transitory

variations in demand and costs of change.

2. Separaving Movements along, from Shifts in - the Production Function

a. The Effects of Biased Estimation of Factor Elasticities.

Accepting the conventionel value added Cobb Douglas relation;

= 1 1%
(2) Vt‘ ttt

we have that the relative growth in output is deternined as;

n ° .
T L ¥
...:E. m..:t_;. o ...:’. + R ‘.i;.
v, ° T i * K
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t % t
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where the dots as usual denote partial derivatives of the variables with
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) v, o=

~~

‘).,

where ol  and Bk . are the ant“'buthﬂo to. owtn in output from labnur‘

t- t
and capital respectively. Together they acoount for the movements along
the production function while Y, = the residual w,ruprebents the shift in
; ‘ whd Ty : :
the production function.

When trying to calculate theae ihree homponents of growth and thus

also to separate the shifts in from movements along the production function

we evidently face two basic problems: 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 gutyut and the factors

of production.3) :

To analyse the effects of biased estimation of parameters and

growth rates of factor inputs we write the contributions to growth of

labour and capital in the following'way:h)

5a) al = o 1= ol + a1y -‘lt)'+ (a7 = o)1, + (u‘ - o) (1 - lt)
N % _ " % - 'y

50) Bk = 8 = gk B(RD - k) ¥ (87 - el + (87 - B)(kp - k)

Consequently we get the estimated contribution to growth from "other

factors™, or the shift in the production function as

t t

® p * *
+ (8% - B + (BT - B)(ky - k)] + (v, ™ - v,)
or

6 b Y=y - (a™*

x X ¥
A - ol) - (8% - sgt) + (v * - )

ot

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 "eross"-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 findependent of the first as what is 'proper estimation

depends on (among other things) what are the measures
applied. (Cf. Chapter III)° Thus the = mneasures may have two
effects on the estimated contributions to growth; one direct via v, , 1

k, and one indirect via the impact on the estimates of the factor elastic tie&.

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 Empirical Analysis of Production”. WBER, Studies in
Income and Wealth No. 31, N.Y. 1967. '

and



i35

similar. (6) tells us that the net effect of these biase
in the estimate on the shift in the producticn function.

In Chapter III we discussed the problem of conszistent estimation of
factor-elaesticities. It was shown tha® the ordinarv least square method
yields highly inconsistent estimates on the factor elasticities, while a
mixed method with factor-share estimation of the labour elasticity and a
certain instrumental variable method for the estimetion of the capital-
elasticity yields "more consistent"estimates., We'll now consider the '
results as concerns estimated contributions to growth implied by these two
methods of estimation. ’

The calculations are based on data for the period 1959-196T as a
whole so that all growth-rates (and thus also the various "contributions')
are averages per year. By applying the OLS~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 we accept the estimates of the factor elasticities as previously
obtained and estimate the trend from the estimated residual epror-values of
the production function.T)g)

When applji@g.ﬁhe OLS-method we get a residual trend, or an average
annual shift in the:pgoduction function of about 3.5% for Total Mining and
Manufacturing and this estimated shift is highly significant judged by a
conventional t-test at 5% level. As tlLe average annual growth in value
added for the period under consideration is about 4.8% we must conclude that

according to the OLS-results, shifts in the production function account for

=y . . . ., .

5] (6) does slso show the effect cn the estimated shift of biased growth
rabte estlJatlon of' output. :

6) Cf. D. Jor k)enscm and . Z, Griliches: "The Explwnatlor of Productivity

3
i

Change. The Review of Economic Studies 1967T.

. o "r‘. . R ;,_‘ Ch . . ' r\l -
T) That is, we estimate vy by means of the OLS-method on 1n V - o In L =~
Y Y] . - .
B In K = g + Yt + u where o and 8 are the Klein/Wald estimates on the

laebour end capital elasticities respectively.

8) This non-symuetric 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.1 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. DBut it seems to be gquite unimportant for other than a few
industries such as Mining and Quarrying, Pulp and Paper ané Non-EL.
Machinery. But for thesc industries at least the estimated "biases"
presented later in Table V.2 are presumably too large.
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more then T0% of total growth in output.9)

For 13 of the individual industries the re31dual trend is positive
and significent, while it is positive but not 51gn1flcant 1n ‘one case, for
Mineral Products. And it is 81gn1f1cantly nega$1ve for one, for Prlntxnég)ll)
Apart from the two later industries the residual trend varies from about
9.T% for Misc. Products to about 1.8% for Tranépbrﬁ‘Equipment{"'It is also
quite high for the three more heavy.ihdustries Puip and‘Papef;jBasic Chemi~-
cals and Basic Steel. It is also rather high for Mining’and”Quarrying and
Food Products. ‘ o | ‘ '

From Table V.2 we learn that theie are six industries with a decrease
in lasbour input over the period considered. For three of these the residual
trend is greater than the growth rate pf;gutput, namely for Mining and
12

alsc among those with a drop in 1abour 1nput over tlme almost all of the

Quarrying, Clothing and Pulp and Paper. For Basic Chemicals which is
growth in output is accounted for by the resldual trend. In fact, only for
one industry movements along the production function can explaln more than

half of the growth in output, namely Transport Equipment for which shifts

G) The growth rates are calculated as b_ from the relation x.t=a +b t + U,
(x = v,1,k). But as shown in footnote 2 of Appendix II. gt X
we get the same growth rates whethfr we use the relatlo? above or
xf =a+b t + ut where 3 = py 3 x; and 3 = 1 ]
, t I i=1 T 1=l 1t

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 ¢ contains also variation of the growth-rates
between establishment, while when using geometric means it expresses the
veriation 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 spplied. 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 establishment-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 offlc;al price-
index for this industry. Cf. Appendix II.S5.'

12) For Prlntlng y/v is also ebove one. But as both v end §‘ are
negative this implies that the total effect on the growth in output of
labour and capital is positive, as is also seen from columns L and 5
of Table V.2..
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TABLE V.1

Results for the Relation 1ln V= a + aln L + Bln K + vyt with the OLS - and the Klein/

Wald/OLS - Methods of Estimation

variable method,and Yy

v 4"
InV-aln L - Rln K =

a is estimated by the

factor-share method,B by the size-dummies instrumental

Industry _ i OLS i . Kliin/Wald/OESX)
o B Y MSE o g Y MSE
0.730  0.263 0.03511 0.6u03 0,433 0.03036
Tot.Min. and Man. (0.008) (0.007) (0.00225) 0.272 (0.003) (0.00%) (0.00233) 0.294
©0.756  0.2k2  0.0W762 0.569 0.389  0.0386k
Mining and Quar. (0.051) (0.040) (0.01081) 0.173 (0.017) (0.013) (0.01081) 0.182
0,531  0.353 0.0556k 0.525  0.k20 0.05360
Food Products (0.026) (0.025) (0.00660) 0,425 (0.009) (0,013) (0.00661) 0.430 |
0,669 0.278 0,02060 0,571 0.380 0.017T70
Textiles (0,042) (0.034%) (0,00670) 0,153 (0.010) (0,016) (0.00667) 0.155
C.924  0.070 0.,01935 0.600 0.453 0.00826
Clothing (0,032) (0.024) (0.00583) 0.13% (0,008) (0.021) (0.00690) 0.191
0.910 0.180 0.02122 0.729 0.k18 0.01385
‘Wood Products (0.0L4L) (0.038) (0.01029) 0.283 (0,019) (0,019) (0.01076) 0.312
0.6T4+ 0.238  0.06018 0.557  0.367 0.05403
Pulp and Paper (0.029) (0.022) (0.00502) o0.147 (0.007) (0.011) (0.00Lk98) 0,153
0.893 0.147 ~0.01833 0.705 0,336 ~=0.01955
Printing (0.030) (0,023) (0,00560) 0,119 (0,009) (0.012) (0.00593) 0.133
0.799 0.183 0.06L41T 0.496  0.527 0.05875
Basic Chemicals  (0.038) (0.036) (0.01052) 0.477 (0.013) (0.017) 0,01120) 0.541
0.797 0.314 0.01416 0.556  0.520 0.00702
Mineral Products (0.051) (0.039) (0.00982) 0.204 (0.013) (0.015) - (0.01011) 0.221
0.896 0,173  0.05283 0.512 0.543  0.04009
Basic Steel (0.053) (0.037) (0.00861) 0,183 (0.012) (0.017) (0.00609) 0.237
0.823  0.105 0.02960 0.620 0,335 0.02151
"Metal Products (0.036) (0.03L) (0.00689) 0.166 (0.011) (0.016) 0.00706) 0.180
1,080 =0.001 0.02991 0.641 0.393  0.01282
Non.El,Mach. (0.044) (0.020) (0.00789) 0.132 (0.003) (0.016) (0.00893) 0,177
0.916 0,100  0,03885 0.643 o0.keh  0.02810
El.Mach (0.053) (0,0k2) (0.01075) 0,233 (0,015) (0.023) (0.01219) 0.303
0.980 0,089  0,0176T 0.772  0.30k  0,01645
Transp.Equipm. (0.022) (0,021) (0.00531) 0.147 (0.011) (0,008) (0.00565) 0,166
0.555 0,358 0.09661 0.614 0,509 0.09561
Misc.prod, (0.067) (0.054) (0,02136) 0.350 (0,034) (0.042) (0.02109) 0.357
X)

is estimated by applying the OLS method on the residual:

a+yt + u'



TABLE V.2.

Growth Rates for Value Added, Labour and Capital.

Estimated Contribution to Growth from Labour, Capital

and "Shifts". %)

"

~ : . 1)
Industry v 1 K al Bk - %100 a1 Bk Y 100 (a-a)1  (B-®)k Y-y
4,79 0.58 3.23
Tot. Min. and Man. (0.38) (0.30) (0.37) 0.k2 0.85 3.51 T3 0.35 1,50 3.04 63 0.07T =0.55 0.47
o h.52  -1.61 k.05 . .
Mining and Quar. (0.65) -(0.35) (0.95) -1.22  0.98 4.76 105 =-0.92 1,58 3.86 85 =-0.30  =0.60 0.90
7.1k 0.59 3.13
Food Products (0.89) (0.49) (0.26) o0.47 1.10 5,56 T8 0.h7 1.31 5.36 75 0.01 =-0.21 0.20
2.85 -0.01 2.84
Textiles (0.77) (0.71) (0.73) =0.01 0.79 2,06 T2 =0.01 1.08 1.77 62 =0.00 =0.29 0.29
' 1.k2  -0.73 2,28 : :
Clothing (0.61) (0.58) (0.43) =0.6T7 0.16 1.94 137 -0.Lu 1.03 0.83 58 =0.23 =-0.87 1.11
4.00 1.26 4,06
Wood Products - (1.57) (0.58) (0.59) 1.15 0.73 2.12 53 0.92 1.70 1.39 35 0.23 =0.97  0.73
’ 5.73 =1.60 3.31
Pulp and Paper (0.65) (0.35) (0.78) =-1.08 0.79 6.02 105 =-0.89 1.212 5.40 94 -,019  -0.93 0.62
-1.,52 0.21 0.86
Printing (0.63) (0.38) (0.22) 0.19 0,13 =1,83 120 0.15 0,29 =1.96 129 0.04 -0.16 0.13
6.53 -0.18" 1.k
Basic Chemicals (0.61) (0.56) (0.22) =-0.1k 0.26 6,b2 98 =0.09 0.75 5.88 90 =-0.05 =-0.k49 0.54
2,12 =0.33 3.08 :
Mineral Products (0.60) (0.46) (0.38) =-0.26 0.97T 1l.k2 67 =-0.18 1.60 0.70 33 =0.08 =0.63 0.(2
8.64 2,57 6.11
Basic Steel (0.6L4) (0.25) (0.h41) 2.30 1.06 5.28 61 1.32 3,32 4.01 46 0.99 -2.26 1.27
5.35 2.21 5.hT
Metal. Products (0.40) (0.23) (0.91) 1.82 0.57 2.96 55 1.37 1.83 2.15 40 0.45 =1.26 0.81
3.k0 0.38  L.76 N
Non-El. Mach. (0.91) (0.86) (1.03) o0.41 -0.00 2,99 88 0.24 1,87 1.28 38 0.17 -1.87 1.M1
7.11 2.96 5.1 .
El.Mach (0.92) (0.66) (0.67) 2.T1 0.52 3.89 55 1.90 2,4b0 2.81 L4  0.81 -1.88 1.08
3.71 1.78 2.29
Transp.Equipnm. (0.35) (0.30) (0.12) 1.7k 0.20 L.T7 48 - 1.37 0.70 1.65 Ll 0.37 =-0.k49 0.12
15,06 6.23 5.40
Mise. Products (2.20) (1.44) (1.05) 3.keo 1.93 9.66 64 3.83 1.67 9,56 63 -0.37 0.26 0.10
x) All numbers are percentages. About growth rates cf. footnote 12.
1) We should have (a—g) + (é-g) = ‘(?‘?), but as the right and left side are computed

independently there are small differences due to rounding errors.

8¢€1
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in the production function account for 43% _
These are the main findings concerning shifts in and movements along
the production function when the OLS-method is appliied. Turning now to the
Klein/Wald/0LS 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 es%imates on the labour elasticity and

1k)

bigger - estimates on the capital elasticity, This rust necessarily lead

to a generally lower shift as for all industries sxcept one capital has grown

faster than labour (which as pointed out has shown a drop for six industfies)a
" We ncte, however, from the results of the K*eln/Wald/Ouu method

presented in Table V.1 that for most industries the reduction of the estimated

shift is not very impressive. For Total Mining and Manufacturing the trend

is 3% per year as compered to 3.5% according to the OLS method. Still, the

shift in the production function accounts for almost two thirds, or about

€3% 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.ls) For Non-Electricel Machinery the contribution to growth from

"shifts" drops from 83% to 38%. For Clotaing tn,Acorrespondl g percentages

are 137 and 58. The drop is slso substantial for Mineral Products. On the

other haﬁgp dlfferen%girdﬁnlmportant for Food Products, Textiles, Basic

Chemicals, Transport Equipment and Misc. Products. But even if the drop.in

the estimated shift is quite low or modsrate for most industries there are nov,

at least, seven industries for which movements along the production function

account for more than half of the growth in oubput.

12) But this "low" contrivution of techanical change is, however, quite likely
a result of that the output price growth is c¢verstated, and consequently
that the growth in output is understated. Cf. Appendix II.2 and
Appendix 11,5

14) There is_also,another differcnce as the zix d method ylelds a higher
estimate on the scalenelastic&ty. But we have not separated the diffe-
rence due to different levels of the scale elasticity from the difference
due to a pure twist in the factor-elasticity estimates. As we are
primerily 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 szale with the effect of degree of returns.tc scale
as separate component. : :

15) According to the conventional t-test at 5% level we have now that the
shift is sig nlilcantly positive for 10 industries, and positive but not
significant for 4. These later are, in addition to Mineral Procucts;

Clothing, Wood Producto end Non-El. Machinery. The shift is still
negative for ?rlntlug. ‘ '
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£ 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 and (3 - ). They are presented in columns 12
and 13 of Table V.2. As the growth ih iabour input has been qﬁite low, the
bias in the estimated contribution to growth‘due to inconsistent estimation
of the labour elasticity is also fairly low 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

16)

input. ' ,
The bias due to inconsistent.estimation of the capital elasticity
is generally much more importent. This is particularly the case for the
1ndustry groups 3u4-37, og the 1ndustr1es Basic Steel, Metal Products, El.-
17

and Non.-El. Maohlnery 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 InV, = a+ olnL +8 InK +vt
. L : ‘
where 1ln X, = = I 1n X, (X = V,L,K)
t I i=l B 1t

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
. e . : :

x, is equal to LS X.

Koo % | I;Z %t

16) The indusﬁfy 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 elast1c1ty than the OLS-method.

17) But at least for Non-El. Machinery this bias may be overestlmated“ 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 instance the Annual
Industrial Production Statistics. These aggregates are arithmetic suums,
and differentiating these with respect to time yieléds:

.£ X., X.,

(8) x; = 1:1;..];2___3;‘.’. (X - -VQLSK>
it

Thus the growth rates of these arithmetic sums are weighted averages
of the individual growth rates. If there is a positive correlation between

X., and its growth rate x.,  our unweigh'ed growth~rate X, understates the

1t 1t
total growth of X of a sector judged by the weighted index x!. And clearly
",Cg)

" . . . . ) C
the opposite 1s true if Xit and x., are negatively corrclated.”

1t
This method of aggregation does aiso have some effects on the price-
. . I
index for output. Measuring aggregate real output as Vt =5 Vit and
i=1
having correspondingly output in current prices as
% . *
V.= g Vit we have an aggregate price index that, to be consistent
i=1 .
'y
must be equal to PVt = o which corresponds to using a Paasche price
t

19)

index formula.
The seperation of the price and quantity compcnents when using
weighted indices 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-
indices and their trends are presented in Table V.3. 20) And in Table V.h

the weighted index of value edded in ccnstant prices and the corresponding

18) In Appendix V.2 correlation coefficients between ln V., 1n L., In X,
and their trends are presented. - * .

19) Th%s is evident also because the computation of V
using the Laspeyre quantity index.

N corresponds to

20) . . .
The price indices of gross production and mgterials for Mining and

Mangfacturing are 114 and 110 respectively in 1967 according to the
Wational Accounts sggregates. Thus they are somewhat higher than those
computed by us for Total Mining and Manufacturing.



TABLE V.3

Price Indices for Gross Production and Materials (Base 1961)

Industry _ Gross Production | 'Materials Trends in % p-a.
59 60 61 62 63 64 65 66 67|59 60 61 62 63 64 65 66 67T Gr.Pr. Mat.s.

Tot. Min. and Man. 98 98 100 101 10@' 104 107 109 110 |100 100 100 100 100 103 106 107 107 - 1.5k 1.05
Mining and Quarr. 101 103 100 101 ”ioo 106 112 115 110 |105 111 100 100 102 id3 10k 105 108 (S:%g) (8128)
Food Products - 102 ;do 100 105 102 109‘ 110 113 116 {103 100 100 102 103 111 112 11k 116 (i:gg), (g:gg)
Textiles - 95 95 100: 102 10k 1071 108 108 108 | 99 101 100 100 101 103 100 98 96 (3122) fgigg)
Clothing i ‘ 95 95 100',163 105 107 111 113 113 {100 97 1001 100 101 103 105 105 104 (g:ig) (8135)
Wood Productg o 93 94 100 102 100 106' 112 114 115§ 90 9k 106 101 101 10k 112 112 110 (gfég) (g:ég)
Pulp and Paper ‘ "99 ioo 100f 99 98 100 103 102 101 {100 99 100 99 100 101 107 106 105 (8:22) (2:31)

Printing ' k 92 93 100 105 113 119 127 136 145 97 98 100 1037 105 106 110 112 115 (g:;g) (g:ig) E

Basic Chemicals / 101 101 100 98 99 103 105 106 99 {105 103, 100 95 98 104 108 110 104 (8223? (8:22)
Mineral Prod. H 99 95 100 101 101 101 101 102 104 {109 108 100 100 101 101 98 96 100 (g:gg) Ei:gg)
Basic Steel | : 96 99 100 '98 91 98 102 103 1bh 98 99 100 99 97 101 102 104 105 (g:gi) (8:32)
: . , (0.45) (0.21)

Metal Prod. 95 96 100 102 102 106 110 111 108 | 97 100 100 98 96 99 102 103 103  1.97 0.60
Non-El. Mach. : 93 92 100 105 105 '107 110 114 116 | 97 97: 100 101 99 102 104 105 106 (giéi) ($:§§)
El. Mach. 101 97 100 102 10? 108 112 118 116 f101 io6 100 100 101 10k 109 116 113 (g:§$) (g:ég)
Transp. Equipm.g 97 497 100 105 109 113 120 122 125| 95 96 100 102 100 103 107 108 109 (gigé) (§I$§)
Misc. Prod. 117 112 100 104 105 105 106 107 109 {113 io9 100 98 9k 98 99 100 98 '%g:égz ;g:égz

~ : 0.61 0.5




TAEBLE V.4

Volume and Price Indices and Trends. for Value Added.

{(Raze 10017,

industry Volume indices qf V,= % Vot Price indices compug;a as Pﬁ = V:/Vt Trends in % p.a})
59 60 61 62 63 6k 65 66 67| 59 60 61 62 63 6k 65 66 6T P E’;

Tot. Min. and Man. 90 97 100 103 112 120 126 131138 | 96 97 100 103 101 105 109 112 11k 2.97 2.2k
Mining and Quarr. 96 100 100 113 121 126 132 136 140|100 101 100 101 100 107 11k 117 110 (g:gi) (g:é;)
Food Products ™ 80 100 96 105 104 116 127 124 }101 101 100 111 101 105 106 116 117 (g:gi) (3123)
Textiles 95 107 100 108 107 113 11k 112 114| 91 88 100 10b 107 112 117 120 122 (Eigi) (ﬁiig)
Clothing 98 105 100 107 108 114 108 115 123} 90 93 100 105 109 113 119 123 123 (8:21) (3122)
Wood Products T4 100 100 101 122 131 1b5 1k2 138}101 93 100 105 100 108 112 117 12k (3125) (3233)
Pulp and Paper 100 104 100 98 106 125 134 132 135} 98 103 100 97 95 97 93 92 93 -é?éiB) Eg:ii)
Printing | 98 107 100 107 98 109 104 96 96} 89 90 100 107 121 130 1h2 161 179 (g:gg) (g:gg) EE
Basic Chemicals 95 96 100 101 119 132 139 146 161 97 98 100 102 100 100 101 101 93 (8I$§) fg:ié)
Mineral Prod. 91 105 100 107 112 132 138 138 158} 91 87 100 102 101 102 106 111 111 (ﬁigg)-(giig)
Basic Steel 93 106 100 104 120 129 143 145 152f 91 100 100 96 83 92 101 101 102 (gigi) (8238)
Metal Prod. 99 92 100 111 131 120 119 140 148} 93 92 100 106 108 115 119 120 125 (S:Sg) (g:gi)
Non El.Mach} 85 99 100 110 1b9 119 124 117 124} 90 87 100 109 110 112 115 125 128 (g:ig) Fﬁi??)
El. Mach. 75 9% 100 101 111 121 120 121 136 102 90 100 103 1i3 111 116 120 120 (3233) (g:ig)
Transp. Equipm. 90 89 100 100 .99 105 106 116 132) 99 98 100 109 117 124 136 141 1L (2233) (gigi)
Mise. Products 62 72 100 105 105 122 158 155 163 12i 115 100 110 117 113 11k 115 118 ~é?£§2) (8:22)

. ' S (1.16) (0.26)

1) P, is the unweighted price-index, and P: is the weighted one.



144

TABLE V.5

Trends of Aggregates for Value Added Labour and Capital and Contributions to

Growth from Labour, Capital and "Shifts".

Trends in % p.a Contributions to ' Z?e fowt}
¢ Ped. GrowtH¢ g

Industry due to

I I I - — Jue,
TV. TL. ZKi Labour Capital''Shifts"shift

1t it t
- Tot. Min. and Man. 5.33 0.70 3.50 0.k2 1.52  3.39 63.6
(0.21) (0.15) (0.k1)
Min. and Quarr. 5.11 -1.50 2.78 -0.85 1.08 4.88 95.5
(0.38) (0.38) (0.59)
Food Products 6.39 0.93 3.77 - 0.k49 1.58 L4.32 67.6
(0.78) (o0.47) (0.0L4)
Textiles 1.88 -0.50 1.98 -0.29 0.75 1l.ke 75.5
(0.46) (0.55) (0.71)
Clothing 2.31 -0.63 0.93 -0.38 0.kb2 2.27 98.3
(0.41)  (0.32) (0.33)
Wood Products 7.57 1.69 6.68 1.23 2.79 3.55 46.9
(1.19) (0.1k) (0.81)
Pulp and Paper 4.5k -1.60 3.k42 -0.89 1.26  L.17 91.8
(0.84)  (0.39) (0.84)
Printing -0.53 0.77 3.31 0.54 1.11 -2.18 -
(0.64)  (0.46) (0.68)
Basic Chemicals T7.16 0.53 -1.10 0.26 -0.58 T7.48  104.5
(0.57)  (0.23) (0.28) _
Mineral Prod. 6.46 0.37 6.39 0.21 3.32 2.93 45.3
(0.61) (0.29) (0.51) ,
Basic Steel 6.36 1.73 . 6.29 0.89 3.42  2.05 31.6
(0.63) (0.16) (0.90)
Metal Prod. 5.50 2.62 5.51 1.62 1.85 2.03 36.9
(0.87) (0.26) (0.8L4)
NonEl.Mach. L.19 2.93 3.51 1.88 1.38  0.93 22.2
(0.67) (1.14) (0.80)
El. Mach. 5.82 0.28 L.57 0.18 2.12 3.52 60.5
(0.85) (0.79) (0.27)
Transp. Equipm. k.15 2.18 2.81 1.68 0.85 1.62 39.0
(0.61) (0.28) (0.26)
Misc. Products 12.0k 6.07 6.1k 3.73 1.90 6.4 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 III.6.
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price index arekpresentéd, together with the trends of the unweighted and

1)

For Total Mining and Manufacturing the trend of the weighted price-

weighted price indices.2

one implying that on

;:L

index is somewhat lower than thet of the unweighbe

the average smaller units have a somewiat more rapid price growth than
2) '

2 . p
larger ones. 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 total.23)
In Table V.5 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.2 we find for Total Mining and
Menufacturing that the individual growth rates for all three variables nust be
positively correlated with their weights, or in other words the level of

L)

unweighted growth rates go in the same diregtion for both output and the
on the relative position of the
inputs it has little impact computed cortributions to growth from

.- . 2 e +
the corresponding variables. But as the differences of the weighted and

the three sources, lebour, capital end ”shlf'” The later source accounts

for 63.6% of the growth in output, while u31ng unveighted growth rates

this percentage is 63.5% or approximately the same.ZS) The corresponding

percentages are for labour 7.9 and T.3 and thus for capital 28.5 and 29.2,

Even if it does not matter much what klna of agsregates we use for

O

[0

the total, it really makes a substantial dlfferenc for some of the
individual industries. The more notable differences we have for: Clothing
due to a substentially lower weighted then unweighted capital growth;
Basic Chemicals which have negative growth in lsbour input and & positive

growth in capitel input when using unweighted growth rates, while the

21) According to thc o] tioqal Accounts data the volume and prlce indices for

value added of fining aund Manufacturlng gre 139 and 3120 in 1967. &b"
volume index is very closn to the one computed for value added by us, while
the price-index is somewhat higiaer.

22) cf. (8) .above.

23) There are also substantial differences between industries as concerns
the level of the price~trend whether based on & weighted or an unweighted
price-~index. 'Some of these differences are, however,. presumably a result
of the way the price-indices for value added of some of the national account
sectors are computed. Cf, Appendix II.5.

2k) Cf. also Appendix V.2.

25) As pointed out in Table V.10 the computations are carried out by means
of the Klein/Wald estimates on the fsctor elasticities.
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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/Weld 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 wi.h 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 importance of ’
technical change when identified as shifts in the production function, that
kind of results mey 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 Norweglan.Mlnlng
and Manufacturing 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 ‘

oV
(9) =%
aLt _

m
—= =
BVt ELK
BKt

is constant over time in case of neutrality. That is:

(10) ﬁL e
- — =

L "k

where the dot indicates derivative with respect to time.

7l

It is easily shown that this is the case for a Cobb Douglas relation
with & "traditional™ residuel trend: Technicel change is neutral or purely

product augmenting. If (10) is negatlve, techniecal change is non-neutral

26) Cf. Appendix II.S5.
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and of the lsbour-saving type, as the marginal productivity of capital
has increased as compared to that of labour. And if (10) is positive we
have correspondingly non-neutrel 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 "optimal” combination of trends in the parameters
of the Cobb Douglas relation.

We also try to investigate the relevance of the embodyment
hypothesis by an ad-hoc method of testing.. : And we have a
separate 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 establisihments.

b) Technical Change and the CES Relation.

Assuming that both labour and capital consist of a.quality and e
quentity compenent and that the later cnes are properly measured by
L and K respectively and dencting the quality components as Q, and QK we
have the CES relation. 27) = ~
- . L 1
- + P ok p
= o +
(1) vy L( Qb ) (O |

Assuming that the quality components grow expounentially over time, we have:

. 1
Coat Gt =
= ] - i - M I , v 1/-' \‘p(t P
(12) v, {-(_QLoa ‘bt)’ * Qg TR
And esswaing now in addition that profit is maximized with respect to both
Q
factors we get ZV),
e (
£ (g - gt
(13) .I_C.E 8.@.9 “SL__t_. e
S;_ o
Ly %o Sk

27) Cf. P.A. Dav1d and Th. van de Klupaart' "Biased Efficiéncy Growth =znd
Capital~Labour Substitution in the U.S. 1899--1960". American Economic -
Review 1965. :

28) Having constant returns to scale this assumption does clearly not hold
if there are perfect competition in all markets. There are, however,
various ways of "saving" this assumption, for instance that the
elasticity of scale in fact is below one and therefore (11) is an
approx1matlon to the true produc *on functlon.
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or in logs,
| (1k) ln L 1n 829-+ ’ 1n (ﬁg) + (g.~ g )t

where SL and S, are the shares of labour and cepital resPectively.eg)

K
We have now that the relative change in the merginal rate of
technical substitution is determined as:
(15) (L. Ky oo (qr~ qp)
o, o L K

g

This implies that if the rate of growth in labour quality is higher than
that of capital, technicael 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
cepital 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.

We will eggrmlneségg/gfgé 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-
filled, however. By the assumption made 1n.§¥ is no exogeneous variable

Y .
as S is equal to ML and thus Sp =1~ where both V and L are

N

endogenous. In addition the estimate of

v

may be distorted by spurious

g
1l-0 30)

correlation due to errors of measurement in labour quantity input L.
There are various ways to rsduce the effects of these errors, and to

investigate the performance of (1) and try to figure out the importance of

the errors invoived, the OLS-method was applied on the following kinds of

data:
a) Pooled cross-section time-series
b) First differences
¢) Pure time series

In addition the size-dummies instrumental variable method was applied on

(14) without & trend, for the pooled cross-section time-series data°3l)“

?

29) We should note that this relation breaks down if the production
function is of Cobb~-Douglas type, that is o = 1.

30) These errors of measurement will tend to bias the estimate on _QE
downwards, but the magnitude of the bias is not easily figured out due
to the rather complex way L enters-'1ln S /S

31) In this case as well as in the case when flrst differences were applied
the effect of the t-variable has to be computed from the residuals.
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And for all of thesp four casses both L and ¥, the number of employees,
were applied as the input-measure.

experiments i s
The results of these . can be summcrized in the following way.

All types of data gave generslly negative point--estimates on E%;y but not
less than minus 1. And this implies that the point-estimate on ¢ is nega-
tive. Clearly a negative o does not meke much sense, and as expected the
pooled cross-section time-series data gave the poorest results. First
differences behaved much better, particularly when N was applied as labour-
input measure. This it "helps” both to eliminate the cross -sectional level
of the variables and to introd duce a Tabour input veriable that is measured
independently from labour’s share. Wwe didn't gain anything by using the
size~- dummy method on the pooled dats, either vhen L on N was used, as
compared to the use of first differences. Finally, pure time-series gave
very shaky results, and even for that method the point estimate on ¢ is
negative for Total Mining and 4anufac“ur1ng, when using L as labour input
measure.

However, for those kinds. of data where the errors of different kinds

are less im portant (first differences and pure time series with N as labour

input measure) —>— isn't signifi icantly different from zero at 5% level
1-0 35 } short run |

for most 1nduqtr1e%. This may allow us to conclude that thejelasticity
in fact

. o

of substitution 1b/very low. This 1s supported by the results of the ACME-

relation impliz=d by (12).

(16) In==2u+ o ln ¥ + (1-0)qg. t

i

i<

that for pure time series data for Total lining and Manufacturing yields

estimates oz o of .075, and. on (lnc)qL of .0387. But none of the parameters

are significantly positive at 5% level.
- The results for the trend of (14) are very little affected of what
kind of data iz agpplied.  Its coefficient is, with a few exceptions

significantly positive. For the pure time series data when L is applied as

the labour input measure we get for Teotal Mining and Manufacturing

q, - Y = .0278. This result together with the result of the trend of (16)
implies that q. = L.17% and Q = 1.29%. The total growth of labour and

capital input is according to these results & + qp, = 0.58% + L.1Th = L.T15%

32) For pure time series it wes sign 1f icantly 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 + q = 3.23% + 1.39%»= L.62% respectively, for Total Mining and
Manufacturing. And accepting that the elasticities of labour and capital
are about .6 and .4k 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 heave q, = Y significantly positive we have evidence
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 lebour saving type. Thus, at least tentatively, the findings of this
section 1lénd support tec the findings of the nature of technical change of

the following section.

e) 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;

] (0 + vyt (B+ vyt) v b

(17) vt = rout Kt e

it is possible to study more complex types of shifts in the production

function. Thiswll; 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) InV, =InT_ +aln L+ 8 oK + vyt InL + vt InK + vt

The marginal rate of technical substitution is now:

(19) % _ %t gt

e B +.Y2t

And the relative change over time in this rate is

o, We  Yp8 = vpo

S O R CE R
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Thus, provided that the elasticities of labour and capital are always
positive, for all 4, or in our case that o + 597, o * 67yi, B + 59Y2 and

B+ 67y2 are all positive, the non~-neutrality of technical c%?nge is

techrical change
determined by the sign of v.B - v,a. If it is positive is cepital saving
e ey technical chrange L . ) )
and 1f 1t 1s negaé%%e. is fﬁbour saving. HNeutraslity is always seccured
if v, = = 0, or the ordinary Cobb Douglas relation with (or without)

1° T2
a "traditional” residusl trend.

33)

Given the acsumption above about

positive factor elasticities of labour and capitsl we have always a capital

o

saving bies if Yy > 0 eand v, =0 or Y, = 0 and v, < 0 and labour
. [+
= O L

saving bies if vy, =0 and v, > O or < 0 and

1 2 "1 Y2
To analyse the nsture of technical change by means of (18) isn't
straightforward, however, as the cstimation of the parameters of that
relation almost certainly will lead to point-estimates. that imply either
lebour saving or capital saving technical change even in cases when the
hypothesis of purely neutral technical chenge cannot be rejected at any
reasonable level of significance. Therefore, enother approcach is adopted,
but the results of that one is compared tc the results obtained by means
of the estimates of (18) with no constraints on the paremeters. This
approach is to apply a multiple test-procedure related to the cne applied
in chapter IV. The point of depaerture is the testing scheme presented in
fig. V.1.

Fig. V.1

A Scheme for Multiple Tests of Types of Shifts in the Production Function

Tt + Y, In L'¥ vt In K

R ————— e et

e e A T . : ‘L; - . ““'T"'&"ww—..__‘.__}“ "

- X ) - Lo H L L
Yot ylt In L | L “"(ot + Y2t‘;n;5. | le_l?'L f th in Fé
[ o oL T R T

‘ i e T ""N—u. e i e ““m»..,_,;-'_:;' Y A

'Yot P o . '*{1't~ in L. T “{212 In K

: ; -N T e §i / ,../
No shifts

33) There are clearly an infinite number of other parameter values that
yield neutral technical chenge. But provided that we shall have positive
factor elasticities they must satisfy the following condition
a{a + ylt) = B + y,t>0 vhere a is eny positive number.
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In the same wey as previously we carry out the tests downwards
- from the more to the.less general type‘of shift. 1In this case, when the
number of parameters under test is'the”éame’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 then get the
same results as for the second methcd with level 10%.3h)

This is no roboust procedurc of analysing the nature of technical
change, however, as we for only 6 of the individuel 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 1ndustr1es different types of shifts implying different
conclublons about the nature of technical change are equivalent or almost
equivalent as concerns fit to the data. But accepting the one that yields
the lowést‘méan square error in case of more than one optimum we have in
Teble V.7 summarized the‘findings about the nature of technical change
obtained from the hultiple test-procedure. In this table the corresponding
findings'when using the unconstrained generalized Cobb Douglas relation
are also presented. o

Even iflﬁhe 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 som
support from the preSunt computatlons.

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-methed there
are some:iﬁpoftént biases in these results. We know from Chapter III

that generally the OLS estimates of a and 8 are bi@sed upWardsuand
downwards respectively. Thus YlB - Y0 is presumably biased downwards;
That is, in case the shift is truely labour saving it is overstated. Also
if it is neutral,or in fact capital saving we mey 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 meke the biases
still worse, except in the case when the estimated shift in the production
function is capital saving.

3k)

Cf. Chapter IV.



153

TABLE V.6

Results of Multiple Tests of Types of Shifts in the Production Function over Time

1)

Industry "Optimal" Types of Shifts in the Prod. Functions

'Tot.»Min. and Man.(f8&9g)t lg L +(:8%8%)t n K

1

Mining and Quarr. t:gigg)t | (:8ggé>t 1n 1 (zggig)t 1in ¥
Food Products <(:8822)tv

rextites SO . oot Coood)
Clothing . 8;82)13 In L <288f§{° in K°

oo momts AL e e e

Pulp and Paper (:éggg)t ‘(:8333)15 In K

Printing (:8%.6@)“" In L "(:8336%’0 In K

Basic Chemicals (:8811)t in K

Mineral Prod. None

Basic Steél’ z:g;gz)t In L +(:8§2?)t 1n K

Metal Prod. <28§2§f | | (zggig)t 1n L’_e , (:gggg)t 1n K
Non E1.Mach. (0079) o ; (Zggﬁ)t“lni by e Coo) <
El. Mach. (:8522)“3“ T ‘(:886132)’5’ in 1%

Transp. Equipm. (:gégg)t 7 ;x '1  e .(igggg)t 1n ﬁ* ?(:gggé)t 1n K
Misc. Products (:8gigst*- R  (:8$;$5t 1n K

When more than one type of shift is reported, the one that has the lowest MSE value

is marked with a star; =
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TABLE V.7

Analysed .
by the Generalized

Cobb Douglas Production Function and the "Optimal"” Type of Shift

Industry

Nature of Shift

Generalized Prod. Funct.

"Optimal" Type of Shift

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.
Transp. Equipmeat

Misc. Prod.

Labour Saving

Capital
Labour
Capital
Capital
Labour
Capital
Capital
Labour
Labour
Labour
Labour
Labour
Capital
Capital

Labour

"

L

b

"

"

"

1)

Labour Saving

Capital

Neutral

Neutralx

"

*

1
Labour Saving

Capital
Capital
Capital
Labour

None

1

1

1§

"

Labour Saving

Capital
Labour

Capital
Capital

Neutralx

"

7"

n

"

L -

¥ No unique optimum. Cf. Table V.6.

1) Y18 - Y@ 1is very low, -.00073, while for Total Mining and

Manufacturing we get -.01310.
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Now, clearly if the assumptions of functicnal form and cf proflt maxil-
mlzatlon with respect to labour are truc, factor saving t;chnlcal change
shoula also show up in the factor-share of labour. Bubt investigating this
question we find that neither for Total Mining and Menufacturing nor for
any of the individual industries there is a trend over time of the average
share of labour in value added that is significant'at 1% level. At 5% level
there is one, namely Pulp and Paper with a significaﬁflyrpositive trend.
Therefore, if carrying out =z multiple test based on:ordinary F-statistics
with 1% level of th2 individual tests when the trend in the labour—elasticity
is estimated by the trend in labour's share, we cen get an optimum shift that
implies caplt&l;aylng technical change only if th@ trend in the capital
elasticity is significantly negative. 35)

Cerrying out the analysis on the relation

(21 In V, - sLt InLg = a+ (B + yzt) In K+ A

we have that the test procedure when applied on Totzl Mining and Manufactu-
ring still gives an optimum that implies labour saving technical change,
even if a neutral trénd is also an optirwm, which, however, yields poorer
fit. The same outcome do we get by epplying the results of (21) as it is.
The magnitude of (20) lEpllbd by the estimates obtained for the genersl and }
optlnal shifts are, however, surprisingly close, -.63% and -.64% respecti- ‘
vely. 36) 37) ' :

As for Total 'Imm6 and Manufacturing we get for 21l of the
individual 1naustr1es except two a dual optimum type of trend, either t or

t 1In K u.j 8 Jalng the MSBmvulue to choose between them we get neutral

35) This is'so as all individual tests sbout the trend of the labour elasti-
sity in the multiple test scheme is the same, as this trend is estimated
separately from the jother trends. ' , :

36) The percentages presented are compubed ”Or the year 1963. As in this
case both v, and vy, are positive the estimated degree of labour saving
decreases with timé. But this decrease is quite ignorable, however.

For instance, the magnitude of (20) implied by the gencral shlft varies
from -.61% in 1959 to ~.65% in 1967.

37) When the OLS-method is applied, the magnitude of (20) is 6. 3& when it
is computed for the general shift and =5.6% for the optimal one. This
shows that the estimetion-bias when applying the OLS-method may be quite
substential, even if ihis is hardly the only cause of the differences
between these pnrcentages anc those obtained when using thé factor-share
for labour input.

38) For Printing the optimal thft comes out to be capltulsav1ng and for
Mineral products the optimum is as previously "no shift". Cf. Tables
V.4 and V.5,



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 the
three components of the general trend, t, t+ In L and t 1n K are almost
perfect substitutes. But we can drew 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 fcr that the shift is generally labour. saving,
or that the marginal productivity of capital grows faster than that of
labour. , ,

It does not seem possible tc come much further than this by the
present epproach.. We will, however, return to it in a perticular context,.
namely when enalysing meterials positidn‘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 Hypothesis.

To some extent the analysis of the»néture 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
by R.‘8610w.39) The basic idea of this hypothesis is thaﬁ'cépital 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
wey to analyse the validity of the embodyment hypothesis, namely by investi-
gating the performance ofvariablesexnressing‘the'"recentnéss" of cabital.
And we do this by 1ntrodu01ng into the Cobb Douglas productlon functlon the j.

0
following one' )

(1—A) I, g+ (1-8)2 I,.o* - (1-0) I,

22 e
t

39) Cf. R. Solow: Investment and Techni cal Progress in K.J. Arrow,
S. Karlin and P, Sarpors (edltors) Mathematical Methods in Social
‘ 801ences »- Stanford 1960. Cf. also M. Brown (1966) 0 2.01t, pp. T7-81.

40) For studies where the embodyment hypothesis is analysed in a similar
way see: E. Berglas: "Investment and Technological Change!'. In The Journal
of Political Econcmy 1965, and K. L. Krishna op.cit. See’ also, ‘
Z. Griliches: "Production Functions in Manufacturlng Some Preliminary
Results", in M. Brown (ed.) op.cit.
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vhere the numerator expresses what is gssumed by us to be left in year t of
the latest three vintag ev.hl) A

Now, if the embodyment hypothesis is true, that capital goods of
recent vintages are more productive then those of older vi intages it should
show up in the results as a significantly positive coeff1~1»n+ of E.

There are, however, a number of ressons why this must be a rather wesk test.
To point out twec of the more important cnes: First we have assumed a
declining balance depreciation formila to be valid in the comput tions of

the physical detoriation of the capital goods. If, sey, the productive
performance of capital goods less than four yeersils unchanged the undepreci-
ated values of It-i i=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 o” E even if the
embodyment hypothesis is invalid.

Second, we should in our.case take into ccnsideration the poor
gquality of the investment data. As pointed out in Chapter II there is
clearly a substantial amount of bad repcriing in our Geta, both assucing
capital and investments. Even 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 fect is e result of
bad reporting then the results of E may become “highly distorted. And to
‘guard agains®t such effects & dummymvarlanle defined in the following way

n

1 when £ =0

, ‘ - R
(220)  Fp= 5 v ogsg
is introduced into the production function t?getger w1th E.
also
The coefficient of Fp will nwasuwablyycatbh any differences in thc

level of productivity between units with bad and not go bad reporting of
the investwment information. As there are reasons to believe that poorly
managed units also tend to ha ve & poor guality in the reporting of their

activities, we will expect the cmnffic ent of T, t" be negative. DBut as
)

we by F alsc catch stagnent units its coefi1c1ent nay beconme negetive also

for tha t reason. But a negative Lcefii ient of F_ may also lend support to
the hypoth@ is under test as it implies just that™- as well as a 9051t1ve
hl) As embodied technical change is initiated through purchesed investment
goods, only this cathegory of investments is included in E. We have, how-
ever, not included 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, curreny investments nay reflect

"coits of chenge", and thus have & negative impact on output. (Cf. Appendix
V'l L]



All in all the interpretation of the results of both E and FE is rather
difficult. But on the other hand, they hggghto do with misspecifications’
and mismeasurement and 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 Fo
significantly positive and negetive 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-elasticitieés. About the
first there is ﬁot 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 meinly by the across-dimension.

About the third cne 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 veriable.

-Turning now to the empirical findings we should note that due to the
way our recentness'varieble is constructed we "loose" one third of the
degrees of freedoms available. Thus to meke & complete analysis of the
effects of E and FE 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 residualLtgend. The results of these three
2

regressions are presented in table V. 8.

T v

42) Another regression was also run, némely InV-5S InL-~-B81lnkKs=

a+ vyt + ulE + uzFE, where SL is the share of labour and § is the size-

dumies instrumentel veriable estlmaue on the canltal elasticity, both
obtained from the .conplete sample. (Cf. Ch. III) This relation
prov1des 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 cere 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 yleld results for E and F_ basicly different from those obtained by
means of the OLS method. Concernlng the effects on t of consistent
estimation of the factor elasticities, cf. section 2.b above.



Results of the Cobb Douglas Relations with Embodied and Disembodied Technical Chaqger

TABLE V.8. }
o  Number
Industry In L ln<% t MSE 1n L 1n %- E Fg MSE InL 1n %- t E Fo Oang'l
Tot. Min. and Man. -.007 .280 .0382 .282 -.021 .285 .213 -.105 .283 -.021 .280 .0379 .216 -.100 .279 12.2
(.006)(.009) (.o0Lk2) (.006)(.009) (.038) (.025)  (.006) (.009)(.00k2) (.038) (.02k4)
Min. and Quarr. .022 .211  .0613 .182 .026 .245  .091 .11k .193 .028 .223 .,0608 @ .109 .091 .184 12.8
(.026)(.050) (.0202) (.028)(.053) (.184) (.128) - (.028) (.052)(.0203) (.179) (.125)
Food Products - -.137 .35% L0579 JLL8 -.160 .335  .0k6  -.231 h52 -.162  .319 .0603 .03k -~.250 .hk2 o 1L.3
- (+018)(.031) (.0125)  (.019)(.033) (.093) (.069) - (.018) (.032)(;0125) (.092) (.068)
Textiles . =s065 .253  .0158 .162 -.111 .253  .921 -.119 .1hk9 -.111  .2hkh L0159 o1k -.125 .1hk9  11.2
. ' (.028)(.043) (.0128) (.031)(.0k3) (.192) (.085) (.031) (.okk)(.0123) (.192) 7.083)
Clothing .027 .056  .0263 147 -.027 .050  .100 ~.213 .1bhkh--.023 043 0252  .117 ~.20h .1hk3  13.h4
: (.027)(.033) (.0113) - (.030)(.033) {.126) (.065) (.027) (.033)(.0111) -(.125) (.06k)
Wood Products 2134 .196  .0154 .308 .109 .191  .663 ..003 .29k .1G9 188 .0137  .661 ~.003 .294  23.0
(.031)(.0L45) (.0199) 2 («033)(.0kk) (.185) (.092) - (.033) (.0b45)(,019%) (.185) (.092)
Pulp and Paper -.105 .178 .0701 ..108 -.129 .221  .060 =-.067 .i21 -.111 - .191 .0697  .070 -.019 .108 12.9
? (.o1h)(.023) (.0078) (.017)(.025) (.o77) (.0UB) (.016) (.o2k)(.o079) (.o72) (.OW5) .
Printing .050 .098 -.0117 .109 .050 .095 =-.116 .01k - .109 .050 .09 -.0128 =.120 -.013 .108 9.8 w~
o (.020)(.027) (.0100) (.020)(.027) (.063) (.060) (.020) (.027)(.0099) {.063) (.060) >
Basic .Chemical -.016 .235 .0625 .bh9 -.052 .225  .130 =-.397 .hhO -.051 227 L0543 .128  -.369 .L432  16.4
- (.023)(.04k) (.0189) = (.o2h)(.obbk) (.238) (.098) - (.02h) (.0k3)(.0186) (.236) (.097)
Mifieral Prod. .145 ,318  .0188 .169 152 .314k  .710  .238 ".182 .153  .308 .0153 .70k o .232  .183 h.2
SR (.o27)C.046) (.0178) = (.o27)(.ohk) (.168) (.161) (.o27) (.obu)(.on72) (.169) (.161)
Basie Steel Look o234 L0653, (181 -.008 .26k .278 ~.1hk9 -,189 ~.009  .252  .0654 283 .,026 177 0.8
_ (+035)(.045) (.0158) . (.037)(.ou6) (.106) (.311) (.035) (.obks)(.0156) ( bo(.303)
Metal Prod. ~.053 .123  .02hh .1h9 -.032 L1760 .567  .2h1 Lak3 ~.03h L1690 L0233 .eho 1k 10.3
~ ‘ (.021)(.0k1) (.0120)  -(.o2i){.ok1) (.1h5) (.o72) (.o21) (.ok1)(. a117\ (.or2) -
Nonm El.Mach. 078 .016 .0388 .151  .O45 . L0730 L468  .1hk6 L1500 L0522 L0853 .« -.115  .1hk7 5.9
‘ (.027)(.049) (.0155) (.030)4,051) (.198) (.126) (.030) (. U)ijgw?p“'\ . (.125) q
©1l.Mach. L0hl 052 L0438 .271: L0600 L037 .29k —,00h 276 061 . .027 | — 015 L2711 2.0
C , (.039)(.056) (.021k4) (.oh3)(.059) (.2h0) (.z212) - (.ok3) (.059)(.021 .2 (.270)
Transp. Equipm. 07T .079 .0263  .152 - .083 1o¢ -359 123 2 .083  .099 . L1ek o ,150 0 17.1
o o - (Lo12)(.027) (Lo0100) 0 (Loik){.028) (.122) (.056) Loih) (LoeB)( (.122) (.056)
Mise. Prod. »~,160 387 .793  .297 ~.158 358 1.295 .23k 2359 L0791 1.ikr L3590 .282 9.0
AR oh&}( 068) (.049)(.076) (.533) (.2k2) 07k )(.0370) (.525) (

(.0362)

.243)

* _ :
Dependent variable

is ln v

L ’

Method of estimation:

OLS.
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By comparing the results of the first regression of table V.8
with the first one in table V.1l 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 date for the whole period 1959-1967. The main
difference between the two sets of results is thet the trend seems to be
cof 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.El.Machinery
and Transport Equipment, or generally rather heavy industries. The level
of the capitel 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
e reduced capital elasticity due to the inecreased 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 slightly lower for Transport
Equipment.

The results of the second regression tell us that at least for
Total Mining and Menufacturing the coefficients of E and Fp both have the
expected signs and they are both significant at conventional levels. Thus
the embodyment hypothesis scems 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
of E. 43) 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 variebles
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' varisbles are also virually unaffected by introducing a trend.

43) In the last column of Table V.8 the percentage of observations with
F. =1 (or E = 0) are presented. We note that this percentage varies
widely between industries, also suggesting that the quality of the
reporting is substentially 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.
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This confirms our a priori "predictions” of the results. Our
"recentnessvariables are as pointed cut mainly determined of the across
dimension and therefore they work mere or less like dummy-variables for
establishments. This is probably also the main resson why the labour
elasticity seems to be more affected by these variables than the capital

elasticity. The former is almost solely determined by the across dimenS}o?
. . . . . . ]
while for the later the time-dimenslion is of somewhet larger importance.

But all in all our 'recentness’variables do not have any serious impact on
_the estimates of the factor-elasticities. Thus having ignored them in the
previous enalysis of the levels of these parameters does not make this
analysis basicly invalid.hS)

' o The main conclusion of this section is therefore that the embodyment-
hypothesis seems tc have some suppert in our data. 3But the introduction

of variables teking care of that quality-component of capital has little
impact on the main production function paremeters. UNeither do they affect

the residual trend significantly.

e) Technical Change and the Role of Materials.

Basicly there are three factors of production {or rather three
groups of factors) in operation when manufacturing g final product, nemely
lebour, capital and materials. The treatment of these is, however,
generally rather asymmetrical, as the later one is ?sually subtracted from
output to obtain a net output messure, value added.qa)

So far that approach is adopted elso in this study. But in this
section we will analyse if a more symmetrical treatment of the three
factors of production leads to different conclusicns concerning the impor-
tance and nature of teclhnicel chance. ‘

LL) ¢f. Tables II.1 and II.3.

45) In a similar way as for the embodyment hypothesis attempts were made
to investigate two other hyvotheses, namely "costs of change" and
"transitoty variation in demand? The results were rether inconclusive
as concerns the inmportance and validity of these hypotheses. On the
other hand, we found, as for the embodyment hypothesis that the
results of the "main factors" werc virtually unchanged. A swmary
of these computations are presented in Appendix V.1,

46) Cf. the Census study, ch. V.



162

As we have mainly operated with a Cobb Douglas relation for labour
and capital an obvious way of treasting 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

(23)  1nY=ar*xPMM eVt
or ‘
(24)  InY=InA+co' InL+B8" InK+yulnM+ 't
or - : ‘ A
(25) ln%"—‘ 1nA+(°"+v3'+u-l)lnL+B'ln%"‘ulﬂ%-*‘('t»

Estimating the parameters of this relation for Total Mining and Manufacturing

we have:

(26) ln~% = .906 - .055 In L + .132 1n %-+ k91 1n S (TR
(.003) (.005) - (.003) (.001k1) °

Both the labour and the capital elasticitiesi?well as the residual trend

are much lower for this relation than those obtained for the value added

1 AY
Cobb Douglas relation.h7) 8]

But as we now have a different output-measure
these are not comparable. ‘
A kind of comparebility can be obtained, however, by writing (23)

in a Slightly different manner. We may write it as:

(1) v=(a1* k¥ &t)
where .
3% .
o = o'/(1-n)
(28) 8% = 8'/(1-u)
vt =y (1ew)

Taking logs, subtracting ¥ ln M and dividing through by 1l-u . ylelds the

relation
(29) (In ¥~ .u'1n M}/(1-p) = 1n A + o 1n L + 8% 1n K + v

where the left side is a "geometric value added".h9)~ (29) can also be

written in a way that corresponds to (25).

4T) The estimate on o' implied by the estimates of (26) is .322.

L8) Cf. Table V.l.

L9) Cf. E. Domar: "On the Measurement of Technological Change", The Economic
Journal, Dec. 1961.
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(30) (ln%"-uln%)/(l-u) =1n A+ (o + g%~ 1) 1nL+B*1n—i+ v

. . N ] ¥ .. .
Now, there are two ways of estimating o, 8 and v . Zither by ?gé?g the
o ,

estimates obtained by (25) together with (28), or by using (29)/, having
estimated p independently.

The first method yields o = 634, 8* = .259 and y* = .03k465.
And by estimating p as the arithmetic average of materials share in gross

production,aﬁ= .520 we get by applying (30),

(31) (1 f-9,1n%)/(1-8,) = 1,914 - 101 In L + .243 In & + .03509
' y . (.011) (.009) (.00295)
R = 0.360
MSE = 0.470

Thus concerning the magnitude of technical change measured by
the residual trend it is approximetely the same whether ordinary value added
or the gecmetric 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 (30) and the ordinary value added
relation. The estimate on o implied by (31) is .646 while E* is as we
note .243. 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 valuc added measure. And this
implies also as we see from (31) thet we have significantly decreasing
returns to scale.so) 51)

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
using the ordinary value added measure.

51) Constraining the labour elasticity to its share in (ordinary) value added,

and using the size-dummies-instrumental variable method to estimate B¥ leaves

the estimate on the scale-elasticity virtually unchanged. We obtained

>

8% = ,30h and as 8, = .603 we have the estimate on the scale-elasticity as

.907 as compared to .889 obtained by OLS on (30). Even when using the

geometric value added measure it msy be convenient, as done_here, to use the

share of labour in ordinary value added as an estimate on o . Alternatively
*x S

Y Ly ~ . 3 o
we could have used o = —~—=—— where 5 and &, are the shares of labour
1-5, LY My
MY
and materials respectively in gross production. The;g is, however, a clocse
relationship between this estimate and twg fﬁrmer;WLa = 8. . SLY’ SMV and
5, are based on the variebles w%—, 3 and Lv- and ~ we ~“havc that

T ¥
WL, M _ ® “% :
M§/l~f = WL/Y-M = WL/V. But clearly o and o will generally be different.
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TABLE V.9

* _ The Share of Materials in Gross Production and its Trend

over Time
Industry SMt oLs ?F SMt =8t bt
b R MSE™
Tot. Min. and Man. ~ .520 . -.00387 .967 .001
(.011) (.00039)
Mining and Quar. _ - .160 ~ -.00603 - .TL8 .02k
- (.022) (.00202)
Food Products .678 -.00572 .950 .003
(.016) (.00071)
Textiles 496 -.00983 .82h .039
(.033) (.00255)
Clothing R IYeTS -.00893 .950 .007
- (.026) (.00111) '
Wood Products .629 -.00513 <73k .019
| - (.o19)  (.00179)
‘Pulp and Paper .658 .00023 . 066 .011
- (.010)  (.0013k) ‘
Printing ' .359 -.00285 .579 .01k
(.013) (.00152) o
Basic Chemicals .498 -.00095 314,007
- (.008) (.00108) -
Mineral Products .340 -.00385 - .T60 .009
: (.01k) (.00124) ‘
Basic Steel .545 .00037 .118 .008
4 o (.009) (.00117) ‘
Metal Products J469 - -.00832 857 .021
: - (.027) - (.00189)
Non El. Mach. 439 -.00192 .387 .018
- (.o1k)  (.00173) .
El. Mach. . .500- . .00148 37T .011
- o o (.011)  (.00138) o '
TranspQ Equipm. : b1k -.00023 <117 .003
S - (.005)  (.00075)
Misc. Prod. o .517 -.00717 .920 .008.

(.021) (.00116)

% . Multiply these entries by-lO-Q
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The virtually unchanged trend estimate together with reduced
factor-elasticity-estimates implies that when using the geometric value
added measure, shifts in the production function account for a higher
fraction of growth in output than when using the ordinary value added measure.
The growth rate of the geometric value added measure is 4.6T7% 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 was
appliedesg)
Therefore, it is misleading to conciude from the 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 importent 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 cof the value added relation implied by our

gross production function is equally large or larger than for the ordinary
value added rclation. |

This conclusion is obtained, however, by assuming that the share of
raw materials in gross production is constant over time. The computations
presented in Teble II.5 suggest that there is a drop in this share. In
Table V.9 we present the average share of raw materials in gross produétion
and its trend = over time. For e"Ht of the induetries there is a
significant drop in this share, =5 well as for Total Mlang and Manufacturlng.t
Censidering it as’ an estimate on the lasticity of materials thls flndlng ‘
implies thet, at least for the eight industries p01nted out, there is a kind
of non-neutral uechnlcal change, prodeed of cou::slthat the productioﬁ
function is correctly specified. To this topic we will'return later. ‘

What we would like to know first is if this movement of the elaéticity
of raw materiels alters the conclusions obtained by means of (30) about the
role of shifts in, as opposed to movements ulonﬁ the prOdHClen functlon,

53)

compared to the corresponding results obteined for ordinary value wdded.

52) The use of a presumably more consistent method of estimation does not
alter this picture. ﬁccepuins 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 auu :d is applied.

53) The computations are carried ocut as previocusly for Total Mining and
Manufacturing cnly.
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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 rete is determined simply as
(y-SMm)/(l—SM) where y and m ere the growth rates of gross production end
?aterials respectively. Having a certain (absolute) trend of SM’
SM we get the growth rete of geometric value added es:

(32)  (y-s,@)/(1-5,) + (éM/(l-SM)E) 1n é

As for Total Mlgﬁggng;glﬂgpufacturlng S. = .520, é = -.00387 and 1n §-=
0.7756 we have that/the later term of (3a) 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:

K

(33) (1n- ln‘*)/(l~o ) =2.735 - .111 1n L + 5Lk 1n T + 0.02200 t
(.006) (.009) (0.00294)
R = 0.347

MSE ;'o.u68

The estimates on the elasticities of lebour and capital are even more
unaffected by introducing a variable elasticity of materials than |
expected. The whole effect df the néw geométric value added neasure
as compared to the previous one is absorbed by the trend. Thus the relativg
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 movenments
along - and shifts in the productlon functlon respectlvely we have now 3h 57
and 65.5%.

But assuming a variable elasticity of materials_impliesithat technical
change may be non-neutral. 'And the coﬁtents 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 feéhnical change
seems to be of the value added using or materials saving type. The issues
we would like to explore nextare 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 sbout the nature of
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technical change obtained previcusly using the ordinary value added relation

is supported by the results of the three-factor Cobb Douglas relation.

The "generalized" production function is 1n this case:

! Y s 1n K
(34) ImY¥Y=IlnA+alnL+pInK+ulnM+yitH zltlnL+Y2t n
+ytln¥
3

5k)

;'.. 'v 1 1 ¢ 1 1 t.ovll
we have now two "independent” marginal rates of substitutior

: a+ vt
L 1

Jo— - e —

I B+ vyt

(35)
% B+ vyt

mM [ Y3t

And their relative change over time is given by:

B, B rE-v

mL mK (a + Ylt}(g + th)
(36) . .

i S S A P

B My (6 + oy t)(u + *;‘3t)

Estimating the parameters of (34) by means of ordinary least squares for

Total Mining and Manufacturing we have thatDS)

(37)

. 03235

|
H
1
=
%
it

which implies that
(38) EL-‘«?& = ,00763

bare
4 ‘J.VI

54) The third one, for labour and raw materials can casily be computed from
those two presented.

55) v, is significantly negative at 1% leve1 while Vg

and v, are positive
bt not significant at that level.

{ 1
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Appiying a similar multiple test procedure in this case as for the
velue added Cobb Douglas relation yields an "optinmal" shift of .
.00475 t 1n K - ,00295 t In M 56)
(.00109) (.00116)

Ané the relative growth in the merginal rates of substitution is

o o °

%ﬁ,,fx.‘}.‘iz -3:».00601
T S

(39) .
" M= .okeos
o

And thus:

” S T
B My }

Thus, the previous finding of velue added using or materials saving
technical change is supported by these direct production function regression
results. And they do alsc suggest that technical change is more lebour
saving then cepitelsaving, thus supporting the findings of section V.2.c.

These findings are alsc supported by the results obtained by means

of (3k) when constraining the elasticity of- naterials to its share in
production ; .
gross ;. Assuming it to be constant over time we get by means of unconstrained
estimation of the trend-parameters Yor V1 and Yo that
moom A |
(41) —= - f& = -,00238

And allowing materisals share to vary over time we have that unconstrained

estimation of Vo Y3 and Mo yields
B A
(k2) —= - — = -,00421
m o
L K

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.1l. The optimum obtained is, however, not "unique”.

Cf. Table V.k. 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 Spjgtvoll F-statistics method yields the sare 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.)
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f) On the Differences in Degree of Tecnwaca, Change between Establishments.

In this section we'll try to attack the problem of determining the
nature of technical change by a somewhat different approach. We know from
our previous results that technicsl chzage 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 variastion in the
factor-elasticities  But dus to too short time-series we do not manage to
estimate the parameters of the production function sepa§ately for each
7

establishment with any reasonsble degree of accuracy. Therefore we accept

the estimates on the individuasl shifts vy, obtained by assuming common

e

factor-elasticities for all units.

What we would like to know is if the vaeristion of y; can be "explai-
ned" by the variation of other characteristics of the units. This excursion
will be divided into two parts. First we analyse if y; shows any correlation
with the estimsted level of efficiency. Thinking in terms of

an analysis of covariance model we have the Cobb Douglas production function:

(83)  In Vi =oalnlg +8 1n K +ug

wiere the residual usy is decomposed into three parts;

L .,o= ot oy .
( ) ’ ult ul Ylt + elt

57) Attempts were made in this direction for Mining and Quarrying by an
investigation of the performence of a method proposed by P.  Balestra aad
M. Nerlove: "Pooling Cross Section and Time Series Data in the Estimation of

o

a Dynamic Model: The Demand for Natural Gas" - Ee cononietrica, vol. 3k,

No 3. July 1966. Cf. p. 607. This method implies among other
things that o end B are estimated scmar»tely for each establlshment and then

1 ‘A

estimating the "industry" elasticities as a = %- ¢. and 8 =L B:o

Bu as this ﬁcthod yielded insensible re*ults even for the "aversges”

o and Bg no further attempts were made along these lines.
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o . - 8
where Ei+ 18 a random error with z-2ro mear and constant Varlance.5 )
; ; ' 9
Without loss of generalit  : can assume that:B”
o 1 I L, T
(’45) ¥ L . = ‘rf z 'Y.‘ L= 0
4 i= 4 t=1 +

Evidently s is the estsblishment specific level of efficiency and we

get an estimate on it r-:

(46)

=R
]
—
2}
<

e
i
2
}_J
=
fms
[
gos)

i

vhere the estimates on “he factor«elastlyj*les are ootﬂlned by the Kleln
Wald method. and the bars indi~ate a7erages over years.

We are interested in Lhe estinate on al in the relatlon

(47)

<>
=N
1
o
o
+
o

A priori we would expect a, *o be pos ‘olve as 1t is not unreasonable to

1
believe that units with high efficiency and go~3 management glso tend to

have a faster technological progrera.

But even if our ertimatec on the factor elasticities were unbiased
there are reasons to believe tnat tay 3y bve somevhat misleading as
"weights"of the factor inmuts ' . the expres 'ion of ﬁi in {46) when using
ﬁi to "explain"'?i. Fo~ Wotal Mini:~g and henufacturing we have found some
evidence for labour . saving tec ical chang~ And as the levels of output

20)
and the inputs are positively correlated w.th their growth rates,eo’

we will expect that when running ° : re~ression;

(LE) Y; = byt b; n #b, In L. + b3 In X,

we get“' b, < a~é,'an§~b3'>'% S, (if‘al‘> Q).

58) This is a slightly mor~ comple: covarisnce analysis model than the
one discussed in Ch. IITI, as we now have sort of an interaction term Y t.
But in this case we have nc “pue"” time-term.

T
59) We get %-Z v.t = 0 simp’r by 1-°-scaling t so that t=0 for the year
1963. . ‘

60) Cf. Table A.V.3.
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The second part of this excursion is en investigation of the
variation of vy with the level and trends of factor shares, to obtain
further tests on the nature of technical changs. The two shares that will

-

be considered are as previcusly the share of materialk in gross production

and the share of labour in value added.
Concerning the growth rate of the share of materiels it isn't very
interesting in this context as it must alnost necessarily have a negative
»
correlation with Tye But we include it together with the level of the share
of materials to cat-~h the simultaneous effect of these two variables. This

is analysed by epplying the OLS-method on

°

A
4Lo) v. =a + a 8,. + .S .
(49) i o 171 M

The results of the impact on Yy 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 labour saving this should show up in the
results of:
~

(50) ¥; = + by,

as significantly negative coefficients of both right-side variables:
Those units with & high and increasing share of capital will presumably
have the fastest technical progress.

The results of (47) doecs not lend conclusive support to the assumption

about a positive inpact on the rate of technical progress of the level of

fficiency. For Total Mining and Menufacturing we have a; = .0124  and
thus a, isn't significently positive at 5% level. For two (. 006k)
industries the presumed relationship betwesn My and y; seems to be fullfilled,
nemely for Textiles and El.Machinery: For both industries a2y is significant-

ly positive. On the other hand we have a, significantly negative for one

industry, namely Pulp and Paper. *

By means of OLS on (48) and thus letting the regression itself
determine the weights of the three components of My in a relationship with
Y; ve get for Total Mining and Manufacturing:

(50) v, = ~.0396 + .0206 1n V. - .0339 1in .. + .0101 in K,
* (.0065) s (,0063; 1 (,oomo) @t

A ) ~ "~ A ~
And we get ~.0339 = b2 < a0 = =, 0075 and 0101 = b3 > a.B = -, 0054 as
expected. Thus on the aversge for Mining and Manufachuring we have

. from, also e . . .
evidence / these results / that technicel change 1s labour saving.



TABLE V.10

Differences in Technical Change Between Units Due to Differences in Level and Trend of Factor Shares

Regression ; = agt alSM + aEéMi ;= bO + blSLi 2SLi
* Industry ay a, a, R MSE bl b, by R - MSE
Tot. Min. and Man. 0.0739 -1.7275 -0.0147 0.388 0.0057 -0.0455  -0.3643 .0700 0.595 0.0043 0.030k
‘ (0.0127)  (0.1k7T) (0.0057) (0.0164)
Min. and Quarr. © 0.1601 -2.6637 -0.0042 0.698 0.0026 0.0210 -0.T400) 0.0322 0.615 0.0031
(0.1305) (0.582L4) ((0.0k27) (0.1984) :
Food Prod. 0.1118  -2.8187 -0.0383 0.453 0.0075 -0.0309 -0.652k4 .0805 0.747 0.00Lk2
(0.0337)  (0.4689) (0.0140) (0.046Y)
Textiles - -0.0386 -1.67L41 0.0195 0.448 0.0035 0.0584 -0.8Tkh2 .0135 0.820 0.001k4
(0.0647)  (0.4512) (0.0332) (0.0916) ;
Clothing -0.0899 -1.6902 0.0372 0.446 o0.0040 0.0781 -0.8789 .0086 0.787  0.0019
. (0.0496) (0.4836) (0.034L4) (0.103k4)
Wood Products -0.10k7  -3.1072 0.0640 0.710 0.0026 0.0458 -0.2835 .0065 0.557 0.0037
(0.0671)  (0.5133) (0.0319) (0.0789) ‘
Pulp and Paper . 0.2118  -3.3522 -0.0845 0.585 0.0029 -0.0321  -0.5583 L0660 0.731 0.0020°
(o.ok61)  (0.48L0) ' (0.0286) (0.0727) ,
Printing -0.1670 -1.28L45 0.0367 0.467 0.0031 0.1432 © -1.0373 .0613 - 0.782  0.0015
(0.0501)  (0.4802) (0.0270) * (0.1067) -
Basic Chemicals 0.16L44  -1.3285 -0.02L2 0.309 0.0109 -0.0720  -0.31hk2 .0937 0.550 0.0084
- (0.0705)  (0.727T) (0.0312) - (0.0785) ,
Mineral Prod. - 0.0114  -1.0054 -0.0007 0.293 0.0049 0.0833 -1.3722- 0.0003 0.804 0.0019
(0.0778)  (0.5872) (0.0390) (0.187L)
Basic Steel 0.0961  -2.0343 -0.0115 0.445 0.0062 0.0716 -2.12k4k .0116 0.793  0.0029
(0.0660) (0.7932) (0.0533) (0.2628)
Metal Prod. 0.0356  -1.9352 -0.0113 0.494 0.0037 -0.0150 -0.5604 0477 0.693 0.0026
: - (0.0608)  (0.4570) = (0.0272) (0.0819)
Non.El.Mach. - 0.0217 . -0.3840 0.0026 0.149 0.0031 0.0353 -1.2839 .0327 0.800 0.0011
(0.0729)  (0.k4ko7) (0.0351) (0.1703)
El.Mach. - -0.0726 . -0.7338 0.0655 0.185 0.0048 0.0218 -0.4100 .0281 0.607 0.0031
(0.0976) - (0.8569) - (0.0405) (0.1293) - A
Transp.Equipm. 0.0097 -1.6468 0.0120 0.615 0.0022 0.0526 -0.7451 .0070 0.796  0.0013
(0.0355)  (0.2317) ' "(0.0156) (0.0618) . ‘ :
Misc. Prod.. 0.0079. - -5.78Th 0.0500 0.907 0.0036 -0.1518  -0.8Lk2 .1856 0.817  0.0067
(0.1882) (0.8759) ' (0.0715) (0.19Lk2) :

Ll
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But like the results for a, the results of b, b, and b3 for the individual
industries are rather poor and will nct be subject of further discussion.
The results of (43) and (43) are presented in Table V.10 together
with the mnean andVstandardmdeviation,of,yia

As expected the coefficient of S,,. is negative for all industries,

. Mi
and significant for all but four, Lasic Chemicals, Mineral Products, Non~El.
Machinery and El. Machinery. lMore surprisingly the voeffici@nt of 8. tends
to be positive, and it is significantly positive for Total Mining end Manu-
facturing and three of the individual industries; Food Products, Pulp and
Paper, and Basic Chemicals. It is significantly negative for oney Printing.
A priori we would'faﬁher think that &y should be negative as the general

tendency of reduced S Sy © ou¢d be considered as a nove from a less to a more

profitable position of the production units. And also that these with high .
SM also had a lower rate of technical change than those with lOW'SMi values?z’
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 changz than those with a stable
or inecreasing share; 'b2 comes out to be significently negative at 5% level
for all industries. Again we've added some more evidence of labour saving
technical change. We should note, however, that trend-like variations in
the capacity utilization of capital may have affccted these results. It has
the same effect on b2 as labour saving technical change. The results of
the level of labour's share ir value added are rather mixed. For Total
Mining and Menufacturing its coefficient is significantly negative as expected
a priori. On the other hand, we get the same outcome for only three of the
individuel industries: Food Products, Basic Chemicals and Misc. Products,
while its coefficient is significantly positive for four industries:

Clothing, Printing, Mineral Products =nd Transport Equipments.

A

61) The variation of 15 with size, measured as Ni = l Xit was also investi-~
[%

gated. It is not unreasonable to believe that Yi and 1 1 are positively

correlated; that lerge units show a higher rate of technical change than

=l

small ones. For Total Mining and Manufacturing we getb, however & negative
but not significent coefficient of Ni in a regression with y. g8 dependent

veriable. For the individual industries it is significently positive for

-

Wood Products and Mineral Products end significentlw negative for Textiles

and Basic Stesl.

62) In Appendix V.2 sinple correlation coefficients between the two factor
shares and their growth retes are presented.
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All in all the results of this section lead basicly to the seme
conclusions as' the previous ones aboui the nature of technical change,
nemely that it is labour saving. But even if we now have obtained much
the same conclusions about the nature of technical change from & number of
various approaches it is cvident that they are all vulnerable towards
measurenent errors. Those based on more or less purely direct production
function regressions may be affectad of the way capital stock is deflated,
and those based on factor 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 neuiral, but to be more conclusive &boub
that issue we evidently need a better empirical base. It does net look

possible to come much further with the present one.
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APPENDIX V.1,
TENTATIVE TESTS OF TRANSITORY VARIATION IN
. DEMAND AND COSTS OF CHANGE.

a) Introduction

Basicly the two issues ' ¢onsidered in this appendix
have to dd_with proper specification of the model. We have made & number
of simplifying asSﬁmptions when constructing the main model subject of
analysis. This is primarily a result of "empirical necessity" as the
possibilities are quite modest to investigate 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 y ied in the analysis
of the embodyment hypothesis in section V.3.d, namely by adding presumably
relevant variasbles to the producticn relation and estimate the parameters
of that relaticn by ordinary least squares. '

And'as for the embodyment - hypothesis two aspects of these variables
are of particular interest. First if their coefficients have the expected
signs and are significaﬁﬁ and second if their presence in ‘the produection
function alters the estimates on the main coefficients. In a:sense the
1ateriaépect is the more iﬁpértant as it indicates the seriousness of the
specification errors’due o the prcsence of any transitory variations in

demand or of costs of change:’

b) On Transitory Variation in Deénand

We msy expect that in the short run the establishments have adjusted

i

themselves to what they con51aur to be normal or’ yermanent" demand for

1)

are not easily predictable., Tc sonie extent 1nvevtor1es can serve as a

gooads . - The actual demand may, however, show shoru run var1at10n that

buffer towards such variatioﬁ but its aoso rbing capac1ty is generally

limited- ) If a slack in the demand cannot be

1) Some establishments may rather have adjusted themselves to a normal
supply of materials. This is presumsdly true for units which get
materials from primery production, or such industries as Slaughtering
and Preparation of Meat, Dairies, Canning of Fruit and Vegetables,
Canning of Fish and Meat, Fish and Herring 0il and Meal Factories ete.
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absorbed by inventories it must necessarily result in a reduction of the

capacity utilization.z)
There are, howevér; no information available to us about differences

in the capacity utilization, 0¢tber across establishments or over time.

The question is, therefore, if any of‘%ﬁii;vziﬁiizéﬁ? available are affected

by transltory variation 1n dedand so that any variastions in the capacity

utlllzatlon could be traced 1nd1rec+lv. Clearly, as pointed out, variations

in the inventories of finished goods 15 one such variable. But that one

is of mlnor 1nterest 1n this context ag it reflebts that part of transitory

varlatlon in demand that does not imply variations in the capa.c1ty

utlllzatlon. There 1s, however, another 1nformat10n, repairs and malntenance,

that may tell us somethlng about varlatlonq in demand that cannot be

absorbed by 1nventor1es. : i
Some current repalrs and malnuenance have always to be carried out o

to "keep the wheels going". These will be assumed to be prOportloﬂal to

the capital stock.3) But for some of the repalrs and malntenance ‘there is a, |

general flex1b111ty as concerns when to carry tnem out. Partlcularly 1f

they 1mply a break in product on 1t is profltable to carry them out, if

possible, in a recession 80 that current demend for a while can be dealt

with by means of inventories. This is a fOIulOTl true as establlshments

often prefer to let it be done by their own labour power that othe*w1se 1s

engaged in pure productlon activities.

_ ThlS leads us to try reraJ“s ‘and maintenance, or nore prec1sely 7
T-IR/K as a varlable +an1ng care of ywrlatlons in the qapac1ty utlllzatlon
due to tran31tory variations in demend. Provided that the assumption abput
the role of this variable is true, and provided thet it does not reflect

other misspecifications 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 productlon units with different locations, we may quite well have
differences in the capacity utilization .across. units due to factors that
affect the net price of their goods differently. And this is obviously
true for some units which have adjusted themselves to a normal supply
of materials such'as Fish and Herring 0il and Meal Factories.

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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coefficient in case transitory variation in demand is of some
magnitude. ZEven if the first presumption is true this is, however, a very
weak test as the second quite probsgoly is not. This is subject of some
corments in section d) of this appendix where the results of our experiments

of the repairs and maintenance variable are presented.

ec) On Costs of Change.

If an establishment wants tc hire more workers, or in particular
to expand the capital stock {or both), resources like organization and
administration etc. have to be allocated to this purpose, resources that
otherwise could have been used for current 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 operatlon.h) 5) -
The ad hoc procedure adopted to investigate the importance of this
theory for our model specification we introduce into the production
function ratio~varisbles expressing change in the scale of operation.
The varisbles that we can think of in this context are (I_- ASK)/K and

. ectivel
,» where X and N sre capital stock and number of emtiOJees ¥

(W~ o, N :
Ip is new investment goods and A is the estimated depreciation ratio.
According to the presumed rcle of these variables, we should expect that,
when including them in the production function taeir coefficients should get
significantly negetive coefficients provided that the costs of change
hypothesis is valid. The results of these compubtotions are presented in the

next section.

L} Cf. R. Lucas: "Adjusiment costs and the Theory of Supply”, The Journal of
Political Fconomy, Wo. 4, 1967. See salso M. Nerlove: '"Estimation end
Identificabion of Cobb Do uglas Production Functions”. North Holland Publ
Co. 1965, and C.D. Hodgins: "On fstimating the Economics of Large Scale

_Droductlon9 Some Tests on Data for the Caﬁualan manufacturlhg oecto;a
Lh D. di “certat¢od, Lnlcaro 1988, : :

5) In addition to an assumption of costs of charge a long run profit funcition
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 long run (or multi-period) profit, if necessary on the expence of the
short run (or one-period) profit.

6) Both I - ASK and N, - Nt . were tried but didn't yield results superior to
the ratic-variableS, =+ C :

T) Cf. Section h.iii) of Appendix II.T7.
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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 dwrmy-variables. When snalysing the effect of
I ,
T = R/K we also include:

( o =
v _ jl when IR 0
T { 0 when IR > 0

In Table A.V.1 where the results of these variables are presented, the

percentage of F = l (or I = 0) is also reported. In the same way,
i .
when analysing the effects of c:-QR—;_ég we introcduce the dumy-

- K
varlable.s)
J1 when I =

= P
L0 when I >

‘ Y

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 Totel Mining and Manufacturing. It is negative
and significant for one industry only, namely Zlectrical Machinery. On the
other hand FT,is significartly positive for seven industries and for Total
Mining and Manufacturing. The results of that veriable thus yield a slight
indication of that there are some variation in the capacity utilization due.
to transitery variation in demand that can be traced by means of repairs_and
maintenence. o o ; -
The results of T are rather puzzling as‘we in addition to & nega-
tive effect due to tran51tory varistion in demand also would expect a nega-

tive effect as units with predomlnantly old Capltalhawe more costs of,repalrs

8) There is an argument of” deflnlng th1s dummy—varlable in the follow1ng way,
_ J1 when (Ip - AK) <
¢~ \o when (I, - &K) » o

the effects of any asymmetry of the costs of change function. That is, a
cost function that is positive when C 1is positive, but zero when C is
zero or negative. But quite probebly this does not matter much for the
results. o - '

it
-as then &t least, partly/could have’ absorbed



TABLE A.V.1

179

Results for the Cobb Douglas Relation with Variables Presumed to Reflect

Transitory Variation in Demand . >

Industry In L 1n‘% T FT MSE qufbifizfz
-0.009 0.286 1.722 0.077°
Tot. Min. and Man. (0.005) {(0.007) 1(0.146) | (0.016) 0.276 20.9
-0.001 0.309 0.794 0.242
Mining and Quar. (0.022) | (0.041) |(0.417) | (0.086) 0.182 19.2
-0.112 0.416 2.632 0.148
Food Products (0.015) |(0.027) |(0.450) | (0.047) | 0.435 24.6
-0.085 0.280 3.767 | -0.062
Textiles (0.022) |(0.035) [(0.832) | (0.854) 0.146 19.3
-0.033 0.097 1.770 | -0.059
Clothing (0.022) | (0.024) |(0.430) | (0.041) | 0.131 20.6
0.121 0.223 1.047 0.268
Wood Products (0.025) |(0.040) [ (0.784) | (0.073) 0.277 26.2
-0.115 0.336 1.035 0.006
Pulp and Paper (0.015) |(0.025) [(0.219) | (0.044) | 0.166 11.9
0.029 0.153 1.985 | -0.030
Printing (0.017) |(0.024) |(0.898) | (0.040) | 0.119 25.0
-0.027 0.237 4.339 0.105
Basic Chemicals (0.019) |(0.038) |(0.916) | (0.087) | 0.487 14.7
0.104 0.339 3.772 | 0.239
Mineral Prod. (0.022) |(0.037) |(0.650) | (0.077) | 0.187 15.7
0.052 0.314 4.950 0.434
Basic Steel (0.027) |(0.039) |(0.688) | (0.072) 0.174 13.2
-0.047 0.134 0.167 0.139
Metal Prod. (0.019) |(0.034) ](0.629) | (0.051) 0.169 22.8
0.080 0.037 0.134 0.056
Non. El. Mach. (0.021) | (0.041) |(0.836) | (0.061) 0.138 18.3
0.062 0.037 |-4.184 0.079
El. Machinery (0.028) | (0.044) | (0.839) | (0.080) | 0.219 16.0
0.084 0.089 0.065 0.082
Transp. Equipm. (0.012) [(0.021) | (0.408) | (0.040) 0.148 31.8
-0.057 0.376 5.140 0.269
Misc. products (0.048) | (0.062) {(3.392) | (0.187) | 0.408 34.2

% Method of estimation:

Ordinary least squares.



Results for the Cobb Douglas Relation

180

TABLE A.V.2

with Variables Presumed to Reflect

Costs of Changex

Industry In L 1In %ﬁ g C F MSE no of
c , Fo =1
in 7
-0.014 0.272 0.175 | -0.042
Tot.Min.and Man. | (0.005) | (0.007) | (0.042) | (0.016) | 0.280 22.1
-0.006 0.280 0.097 0.039
Mining and Quar. | (0.026) |(0.040) | (0.296) | (0.087) | 0.188 22.7
-0.112 0.375 0.105 0.006
Food Products (0.016) (0.026) | (0.064) (0.045) 0.445 26.6
-0.081 0.281 0.465 | -0.137
Textiles (0.024) (0.034) | (0.241) |(0.055) | 0.152 16.3
-0.053 0.069 0.054 | -0.161
Clothing (0.024) | (0.024) | (0.173) |(0.044) | 0.134 20.4
0.097 0.178 0.719 0.072
Wood Products (0.028) (0.039) | (0.288) (0.070) 0.282 38.8
-0.130 0.291 | -0.164 | -0.131
Pulp and Paper | (0.017) (0.023) | (0.181) | (0.039) | o0.168 23.4
0.036 0.144 0.050 | -0.025
Printing (0.018) (0.023) |(0.151) |(0.039) | o0.121 24.5
-0.063 0.188 0.488 |-0.272
Basic Chemicals | (0.022) (0.037) | (0.292) |(0.074) | 0.489 27.6
0.104 0.303 0.983 0.017
Mineral Products | (0.027) (0.039) |{(0.297) (0.090) 0.199 15.7
0.105 0.204 0.338 0.452
Basic Steel (0.029) (0.037) [(0.242) |(0.102) | 0.192 5.8
-0.044 0.137 0.396 0.141
Metal Products | (0.020) (0.034) |(0.192) |(0.053) | 0.169 18.7
0.062 0.044 0.503 | -0.060
Non.E1l.Mach. (0.024) (0.038) [(0.267) |[(0.071) | 0.136 13.8
0.028 0.108 | -0.214 | 0.001
El.Mach. (0.030) (0.043) [(0.367) |(0.127) | 0.244 5.6
0.082 0.090 | 0.054 0.076
Transp»Equipm. (0.011) (0.022) {(0.155) (0.040) 0.149 25.0
' -0.023 0.394 0.054 | 0.283
Misc.Products (0.052)  1(0.063) |(0-770) |(0.127) ! 0.407 23.9

® Method of Estimation: Ordinary least squares.
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and maintenance then those with new cepitel; thot is, kind of an adverse
embodyment effect. Presumebly the positive coefficients of T reflect a
positive correlation between good management and good maintenance 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 Foo
Therefore, except for Basic Steel and ¥ineral Products that have = signific-
ently positive coefficient of Fu, there is no support at all of the costs of
change hypothesis.g) 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.

. N 1n)
First there may be an embodyment effect of current 1nvestments.*o’

And therefore the inclusion of current investments in our

"recentness"varisble of section V.d would probably distort the results.
Second, as the effect of C is mainly determined by the across dimension of
our data the results of that varisble too mey reflect variation in manage-
ment across establishments; units with good managerent may have a higher long-
run profit-maximising growth rate than those with poorer managerent.

Finally we note that by comparing the results of Tables A.V.1l and
A.V.2 with the OLS-metod results of Teble III.6 we can conclude that the
verigbles introduced into the production function to analyse transitory
variation in demand and costs of change have very little impact on the
estimates of the factor-elasticities. The main effect of them seems to be
that T and F, twist the estimates slightly; for most industries the estimate
on the capitel 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 veriables anaslysed they seem at least to have little or no

importance for the results of our main model.

N, - X%
9) The results of-¥§ﬁ-421l are not presented here as the performance of
t-1
that variable is evenpoorer than thet of C and F,. 1 nd its results yield

even less support to the hypothesis under consigeration.

10) But this does not invalidate the argument put forward previously that
some ?f the current investments reported do not add to the productive
capacity of capital of the same year. Cf. Section h.ii of Appendix II.T7.
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TABLE A.V.3

Simple Correlation Coefficients Between the Level and Trend of Some

Central Variables

Simple Correlation Coefficients Between

Industry S .
In V,,v; |Tn L1, | Tn Kuk; | SyioSys | SpooSpg

Tot.Min.and Man.| 0.1020 | 0.0613 | 0.0787 | 0.0839 |-0.2891
Mining and Quar. 0.2755 | 0.1986 |-0.0057 | 0.0601 0.0677
Food Products -0.0342 | 0.0348 | 0.1059 | 0.1703 | 0.0133
Textiles ~0.1454 |-0.1741 [-0.1340 |-0.1369 1 0.5818
Clothing 0.2784 | 0.1040 |-0.1745 | 0.0348 | 0.7259
Wood Products 0.4482 | 0.1374 | 0.2905 | 0.1475 | 0.8053
Pulp and Paper ~0.2207. | 0.0807 | 0.0986 | 0.3931 |-0.7681
Printing 0.1033 | 0.1214 | 0.2273 |-0.0909 | 0.5784
Bas%c Chemicals '0.0327 6.1254 -0.1127 0.2144 | -0.9268
Mineral Prod. 0.5701 | 0.368% | 0.4652 | 0.3159 | 0.5787
Basic Steel ~0.3355 |-0.2018 | 0.0671 |-0.1091 | 0,0603
Metal Prod. 0.0810 | -0.0412 | -0.0699 | -0.0205 | 0.2590
Non.E1.Mach. ~0.0329 |-0.0460 | -0.1804 | 0.2352 | 0.3648
E1.Mach. -0.0216 [-0.3779 | 0.0538 |-0.1708 | 0.7565
Transp.Equipm. 0.1593 | 0.1425 | 0.1392 | 0.1470 | 0.3214
Misc.Prod. -0.1288 | 0.2043 -0.2270 | -0.2463

-0.1767
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Chapter VI.
QJJW; ARD CONCLUSIOWS.

As has been pointed out in Chapter I thres of the ma’n aiﬁé of this study are;
to gain experience and insight in the use of larze bodies of micro data in econome-
tric studies of production models, in addition to what is obtained by the Census
study; to explore some of the central issuas of that study by the empi;ical
base available to us in the present cne; and to compare the findings of the two
studies to find out whether they conform or not. The outcome of the latter aim
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 aetalled}i?al reis
of data is carried out in this study. 4nd cue to aius two and three we w111;¥2v1ew
the main empirical problems 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 tc the Census-study
data are supposed to be that we have observations for more than one year for each
production unit aud that the prasent study covers larger units, the data for which
are considered to be of generally better quality than those of smaller ones.

But there are a variety of reasons why our data are not significantly better9
nevertheless: ‘ _

a) As pointed out in Appendix II.1 there are olviously a number of time
series refering to different physical units at different times.

b) . As compared to the Census study we use a much rouzher c13531txcat10n of
industries. Thus our samples are more heterogeneous.

c) We have made a few corrections of the characteristics reported, in cases
when the units would have been excluded if having adopted the sane epprcach as in

2)

the Census study.

d) Information about subsidies and duties are missing for 19 b and 1960.
As we would like to have an output measure in fa»tor~pr1ces to let it conform
as closely as possible to the output-msasure of the Census.study we have calculated
; ; J) :

the missing values of subsidies and duties

¢

1) Cf. Appendix II.2 for the industry classificaticn ised, and cf. Section
II.c about the reasons why t 1is industry classification is adopted.

2) Cf. Appendix II.3.

3) Cf. Appendix II.4.
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e) Time series data requires information that is not comsidered 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 ceflate output in current prices implies

4)

f) The time-dimension does also cause troubles when trying to obtain a measure

that we undervalue the growth in ‘‘real” output.

of capital input. First, as fornoutput 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 pricés we tend to undervalue the growth of capital
over time. Second, we need a depreciation rate to obtain capital data for all
years.s) 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 waights) were included in the capital measure of that

study.6)7) -

4) Cf. Appendix II.2 and II.S.

5) Cf. Appendix II.7.

6) Cf. Appendix II.6. . o

7) It should be added here that tha calculation missing capital values presen-
ted in Appendix II.7 does not in itself lead to poorer capital data. It
is true that the "estimates" cbtained 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 degrecs of freedom.
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These are sources of errors present in our data, but not present in the data
cf the Census study. Thus the advantages of the present data seem to be more than
outweighted by the disadvanﬁageé due to riore serious measurement errors.

In the Census‘study two types of errors were considered to be particularly
serious, nameiy qﬁality\v&riations in lszbour input not zccounted for by the measure
applied and presumably random errors of measurement in capital. As the same labour
input measure is applied by us the first error is alsc present in our data. But
there are no particular reasons to believe that this error is more serious in this
stuuy than in the Census study. There are, however, reasoms to believe that the
errors in thevcapital measure are more serious in our Cata. We have the advantzage
of 1arger_units with piesumably better quality of reporting, also concerning tue
cépiral data.‘ But on the other hand we have the errors pointed out in £) above
that quite, 11K?1y oatwelcnt that advantage

The more or 1efs random errors in output and wages do also seem to be more

while .
serious in our aata /the quality of the labour input measure x

may be better due to better reporting by
the units of our study.
But all in all, as far as the estimation of production function parameters is
concerned there is no basic difference between the Jata problems of the two studies:
The main errors are in this study also gquality variatious in labour imput and randoum

errors in the capital measure. The random errors in output and wages are not
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so much more serious that this fact could be alterednf)
Chapter III of this étu&y is devoted to the analysis of the effects of .the
two main errors with the main model; the Cobb-Douglas production function and
the ACHUS o@haVlour relatlon as the frame for the dis cussion.? ‘If the variables
were measureu without errors full information methods like indirect least squares

would yield consistent estimates of the parameters of. that nodel, namely the

8) As a summary presentation of the behaviour of the main variables we have
in.éppe Zix II.5 computed some basic characteristics for them. These
sample-statistics are alsc of scme use as a supplement to the results
in the following chapters, as they are also supposed to tell us quite a
lot about the structure of the industries covered by our study. Thus ve
have in the appendix to this study, where the finlings are surveyed by
industry, also included some of the contents of Appendix II.8.

9) Cf. Chapter I. '
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factor-elasticities (and thus also the elesticity of scale) and the elasticity of
substitution. Now it is shown in that chapter that the errcrs present lead to
highly biased full informétion estimates. It is also shown that ordinary least
squares on the production function generally will yield better estimates, even if
these estimates are biased both due to ‘he errors present and due to simultaneous
equations.

An alternative to full information methods to take care of the sinultaneity
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 conmputations 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 CLS is applied.

The second half of Chapter III is devotéd 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 facto; share method and given this estimate, 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 thét 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 coﬁpohent of labour (which in our case is:equal to the error
component) is perfectly correlated with the observed wage rate. But even if this
assunption nay be good enough for tentative bias calculations it is rather extreme
to adopt when trying to obtain estimates “f;ee” of biases due to errors in labour
also. Therefore we are inclined to believe more in the factor share size-durmies
results when not taking errors of labour into account. It should be noted, however,
that for most of our industries it does not ﬁatter much what we dos 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.
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Due to the particular type of arrors of measurement in labour we have also
serious problems in identifying the elasticity of substitution from the ACHS re~
lation. It is easily shown that these errcrs teund to bias the estimate on that
paraneter towards our. Therefore we also try another method of estimating the
elasticity of substitution, naﬁely by the socalled Kmenta approximaticn which is
a Taylor-expansion of the COS-relation around the value of onre of the elasficity
of substitution, corresponding to the Cobb-Douglas 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 experiments with‘ihis relation
carried out for Total Mining and llanufacturing we try to figurgjfthe importance of
both sinmultaneity and errors of measurement in labour and capital. The results
rather uniformly suggest that the elasticity of substitution is fairly highfp ng
the other hand this does not correspond quite well either with the ACiS relaéign
or the results obtained for that relation as well as the Kmenta approximation in
the Census study. ' |

Apart from the results of the FKmenta relation for the elasticity of substitu-
tion the results of the two studies concerning the production function parameters
conform fairly well. There are deviations for some industries, but these can be
easily explained by differences in the empirical bases of the two studies.

Chapter IV covers aim 45  to expldre the possibilities to use multiple testing
procedures when “fishing” in data. As illustrations we apply such procedures to
determine the nature of any variation of the error mean across éstablishmepts and
over time within the frame of an énalyskzcﬁcovariance model for each of the two
relations of our meain model. The cutcore of these tests strongly underline the
heterogeneity of cur samples previously pointed out. For all industries,yand
both for the production relation and the behaviour relation the ervor mean is
establishment~specific; it does not vary between subindustries only. And we do
also find that for most industries differences over time in the error nean of the
production function can be represented by a trend. But except for a few iadustries
there are no variations over time of the error mean of the behaviour relation.

Multiple test procedures are also tried in more complex‘situations where
not only the error mean (or the intercept) but also the slope coefficients are
allowed to- differ. The analysis is carried out for Total Mining and Manufacturing
and the findings suggest that there really are differences in thevproductiOn

function parameters across iadustries. There are also some 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 deals with the probiems present when trying
to identify the importance and nature of technical change in Horweglan mlnzng and
ranufacturing 1ndustr1es by our data. Partlcularly due to problems of‘deflatlng
outputs and input of capital, variatxons in capaoity utilization not taken into
account and 1mperfect knowledge of depreciation our calculations must be rather
tentatxve. But in thls chapter we manage to oemonstrate, I think, »ertaln important
aspects of the measurement of techmnical change, and we also demonstrate some methods
to determine the nature of rechmical change that méy be of some use in situations |
related to the‘present one. | |
First we show the 1mportanca of con51stent esrluatlon of factor elast1c1t1es
in the computatlon of techn1ca1 change. Here the advantages of a cross section
of time ser1es‘are apparent., Havxag aggregate data for the varlables used i.e.
pure time series data we would have hac even more serious d1ff1cu1t1es in gettlng"

11)

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.lz)

Second we show that us1ng the direct regre331on results of the production
function with a residual trend when having a cross sectlon of time series 1mpllea
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 ariihmetic sums over establishments for the variable values}‘
This method of aggegation implies that the abgregate growth rates are wexghteh
suns of the individual growth rates with welghts eqxal to the shares of the
respective variables in the corr:sponding aggregate. For an industry as a whole
the later method of aggfegation is the more reasonable, and it is also the one
pure time serxes Aata usuzlly La based om. |

It is demonstrated that at least for some 1adustr1es it makes a subsfantlal
difference whether we use unweighted or welghted growth rates. Ana we conclude
that the later ones together with the factor share size-durmies instruzental
variable method of estlmatlng the Fabfsr elasticities ylelg the more rellable re=
sults both concernlng the contribu:tions to growth from labour and capital and the

importance of techn1ca1 change.

11) Some experiments carriec out on pure time series (i.e. aggregates of
our data) suggest that for that ind of data the pure factor share method
is the only cne that works. This method ueed® not be too bad, but we
loose the effects of any increasing or decreasiug returns to scale that
in fact seem to be important for a number of our industries.

12) Cf. Chapter III.



Third some further experiments are carried out with the CES relation trying
to determine the nature of techmnical change. We are not very successful, however.
And we try an alternative approach by carrying out some calculations on a genera-
lized Cobb-Douglas relation, i.e. when both the intercept and the factor-elasticities
are allowed to vary with time. In this context it is of particulaf interest to
find out whether techmical chapge is capital or 1aboﬁr saving rather than neutral.
We also experiment with,multiﬁle test proc:dures related to those applied in
Chapter IV.. The outcome of thé calculations show that for most industries tech-
nical change does not seem to be neutral. But for some of the industries the fin-
~diugs are rather ambigudus concerning the nature of non-neutrality.

Fourth we try to a%tack the issue of the nature of technical change by in-
vestigating the impértance of "recentness” of the capital stock. This is a tenta-
tive test of the embodiment hypothesis as, if it istrue recent vintages of the
éapital stock are more productive than older ones. The outcome of this part of
the analysis is that for most industries there 1s some support at least, for this
hypothesis. | ;

Fifth it is shown that by analysing valuz added production functions only we
may loose information ab@ﬁt sone of the.technical chanée taking place in
Horwegian mining and manufacturing-industries. 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 production there is a significant ten-
dency of materials saving technical chanze for abcut half the industries as for
these the share of materials shows a significantly negative trend. Using a
generalized procduction function of a related type to the one used in the value

added case this finding is confirmed for Total Ifining and Menufacturing.,
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

w
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trends of the factor shares. Even if we get significant coefficients in mcst ca
B much of the differences in degree of | .

we do not really manage to explailn technical change Uétween units. Evidently

errors of measurcment account for nuch of these differences.

Seventh and finally we have tried to trace the =ffects of transitory varia-
tion in demand and costs of change by some tentative calculations. We are not
very successful, however, due to errors of measurement and certain problems of
interpretaticn of the results.

A1l in all if the success or failure of this study should be measured by
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number of unambiguous‘couclusions concerning the production'strUCture, econoﬁic
behaviour of production units and importance and nature of technical change in
Norweglan mining and manufasturxng industries we are 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 qualltles and defects
of new bodies of data. This is probebly the only way open if we will serlously
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 summnarized the iﬁgrovementé'of data that would be neces-
sary, or in some cases at least desireable tb maﬁagé to carry out a successful
econometric analysis of the models presented. V

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.



Appendie VI 1,

SUMMARY OF TEE. MATN FINDINGS BY INDUSTRY.

a. Introduction. ‘

As we have carried out most parts of our explorations for fifteen individual
industries there may Ge a need for a surmary of the findings by industry. It is,
howevet, rather difficult to present the results in tables by industry as the cal-
culations carried out ire of widely different natures. Thus, instead another
nethod of presentation is tried. .

In this eppendix it is of main interest to throw some furtherllight on the
differences between the indﬁsfries. Thus issues explored which lead to largely
similar results for the various industries, such as the outcome of the rultiple
tests in chapter 1V, are ignored in this context. And instead of reproducing
the estimates or various numbers calculated we make a ranking of them, from 1
through 15. In case the estimates or nuubers thenselves are of particular interest
they will be refered to in the text. N

In five tables rankings of the results comsidered to be of most interest
are presented. In this way we surmatrize in Table A.VI.1 the results of Appendix
I71.0, namely the mean values, growth rates and slope-coefficients from regressions
on 1nN of the seven main variables of this study. In Table A.VI.2 we have a
corresponding ranking of the estimates on the capital and scale elasticities of
the Cobb-Douglas relation obtained by the QLS ﬁethod and the Klein Wald method
of estimation. In the same way we have in Yable A.VI.3 a ranking’éf the esti-
mates on the elasticity of substitution obtained by covariance analysis of the
ACMS relation. After all these are the only estimates obtained on that para-
meter. that make sense as the results of the Kmenta-relation came out to be
generally very poor. We cannot argue that cne of the four sets of estimates
reported is “better" than the others. But an evaluation of the four estimates
together may allow us to conclude something for some industries about the probable
level of the elasticity of substitution.

The two concluding tables‘refer to results obtained in chapter V. The first
one, Table A.VI.4 presents a ranking of the unweighted and weighted growth

rates of value added, labour and capital and in the final cne, Table A.VI.53 we



Ranking of Some Main Characteristics,

Table A,VI,1,

1))

Slope—coeff, from

Slope-coeff. from

12

~Chaiacyeristic Mean‘VaIue» 2)
regr. on t regr, on 1nN

Industry: InL lof Ing 1oy loW 2 35- 12 1oR % 1ot 1p§1n% L ;-11
Hinéng and Quar, 10 3 6 15 2 9 15 13 13 11 8 2 1 9 1C
Food Products 13 6 4 13 13 1| 10 11 1015 15 15 14 15
Textiles 3 11 5 9 14 10 6 | 12 s 15,10 5 4 13 7 s
Clothing 8 15.15 11 15 & 9 | 15 12 3 14 10° 1 12 19
Wood Products 14 13 11 4 12 2 3| 14 8 1 9 9 13 7 15 13
Pulp and Paper 4 4 1 2 311 2 7 1 2 3] 12 16 5 2
Printing 15 12 7 1 9 3 13 9 155 9 7] & 5 3 15 12
Basic Clenicals | 11 2 05 715 8| 1 3 6 5|11 14 6
Mineral Prod, 9 513 4 12 14| 8 13 5 8| 1 3 14 1*
Basic Steel 1 3 3 1 14 4 4 5 10° 2| 2 1 5 11 7
Metal Prod. 5.8 9 8 8 6 10| 11 10 12 13|13 11 12 8 3 12
Non-El. Mach, 6 10 12 10 6 5 11 | 5 11 7 6 2 11 13
El, Mach, 2 9 1% 7 5 4 7 3 6 8 6 8 1 9
Transp. Equipm. 7 14 13 12 10 1 12 6 14 14 4 5 13 6 10

 Misc. Prod. 7 10 11 7 5 2 2 15 12 |14 12 14 2 4 14

1) Cf, Tables A,I11.8,1-7,

2) Rankings of the growth rates of value added, labour and capital are presented in Table A,VI,4,

%) First negatlve nunber in the rank,

c6T



of the Capital and Scalc~Elasticities.
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Table A.VI.2.

Ranking of OLS and Klein wWald Estimates
g o] :

1)

OLS est. Klein Wald est.
Mining and Quar. 6 g* 10*
Food Products H 15 13
Textiles 5 9 10 12
Clothing 14 12 s 6
Wood Products S 2 1
Pulp and Paper 4 13 11 14
Printing 10 6 12 7
Basic Chenicals 3 14 2 9
Mineral Prod. 3 3 3
Basic Steel 4 1 5
Metal Prod. 11 10 12 11
Non-El. Mach, i5 o 8
El. Mach, 12 4 2
Transp. Equipm. 13 5 15 3
Misc. Products 2 11 14 15

1) ¢©f. Table III.6

* First estimate in the rank below one.




Elasticity of Substitution from the ACMS Relation.

19k

Table 4.7I.8.

Ranking of the Covariance lnalysis Estimates of the

1)

Eand T
ettt | v |
Mining and Qﬁar° 12 6 15
Food Products 5 14 13
Textiles 4 8 6
Clothing 1 g* 12 g*
Wood Products 2 2 7* 7
Pdlp and Paper 13 10 15 11
Printing 10 9 i0 10
Basic Chemicals 6 6 13 12
Mineral Prod. 1 5 5
Basic Steel 9 11 11 14
Hetal Prod. 14 15 4 3
Non-El. Mach. 12 13 3 2
El. Mach. ™ 7 8 8
Transp. Equipm. 15 14 2 4
Hisc, Products 3 3 1 1

1) Cf. Table 1II.2

% PFirst estimate in the rank telow one.




195

-

Mo S
Tebie 4.

VI.

LN

a

Ranking of Unweighted «.d Weighted Growth-Rates -

for Value Added, Labovz and Capitalez)
Unw ighted Weighted
. growth rates srowth rates

talue [ igbon oupical | Tolue | isbow | Capical
Hining and Quar. 15 7 9 14 12
Food Products 7 ) 5 7
Textiles 12 o 11 14 12" 13
Clothing 14 13 13 13 13 14
Wood Products 5 6 2 1
Pulp and Paper 14 8 10 15 9
Printing 15" 9 15 15% 10
Basic Chemicals 5 11 14 15"
Mineral Prod. 13 12 10 10 2
Basic Steel 2 3 1 3
Metal Prod. 4 2 G 5
Non-El. Mach. 11 8 5 11 8
El. Mach. 4 2 4 7 11 6
Transp. Equipm., 10 5 12 12 4 11
Misc. Prod. 1 1 3 1 A

1) The unweighted growth rate is computed as the OLS estinate on “a" from the
regression 1nxit = 2 _tatdu. while the weighted growth rates are computed

as the OLS estimate on b fron the regression 1n(ZXib) = bo+bt+uto Cf.

. "
Section V.2,

* TFirst negative number in the rank.

1
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Tabie A VIS

Ranking of Ca’~ulated Contributions to Growth from

Lebour, Capital and “Shifts”.

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. lMach.
Transp. Equipm.

Misc. Prod.

13

15,

11
14

12

Unweighted growta-rates grzgi§§§2?

OLS-method ¥iein Wald-method Klein Wald
of estimation of estimation of estir
ey e e T
15 4 6 15 8 14 11

7 2 4 7 8 7
16" |6 |11 |10 |11 12% | 13
13 13 12 13 12 13 13 14

6 8 |10 6 5 11 5
14 6 3 14 10 3 15

o | 14 (155 | ¢ |15 |15F | 7 |10
11 11 | 2 (11 |13 9 |15
12 5 114 12 7 14 10 2

3 3 5 5 1 - 6 1

4 g S 3 4 4 6

8 | 155 s |8 | 3 [12 | 2 | 8

2 1G 7 2 2 7 11 4

5 12 |13 3 14 10 3 12

1 1 ] 1 6 1 5

1) Cf. Tables V.1-3.

* First negative number in the rank.

10 .
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have a ranking of the calculated contributions to growth from labour capital
end "shifts" according to the results obtained when using unweighted growth
retes and the OLS and Klein Wald methods of estimation and when using weighted
growth rates and the latter method of eotlmailon.

In addltlon we will also refer tp the Llndlngs concerning the nature of
technical change. ‘ k v A ‘

To some extenﬁ our findings about the production function patameters will
be compared with the éorreéponding results of the Cemsus study, for industries
covering approximateiy the same induatry groups in the two studies. There is
a number of reasons why even for these industries the results may be quite

different. But anyway such a comparison may be o»f some ianterest.

b, Mining and Quarrying.

Mining and Quarrying is that cf our fifteen industries which has the lowest
mean value of the materials labour ratio 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 labour input while ohly one has a lower
weighted ‘growth rate of that variable. The growth rate of capital input drops
from rank 7 to rank 12 when turning from unweighted to weighted growth rates.
The (unweighted) growth rates of the materials labour ratio, labour'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 thgt Mining and Quarrying ranis
secon%?n;eﬁgéP%rowrh of the capital ‘labour ratio with
size. Probably there is a basic difference between lMining on one side and
Quarrying on the other not accounted for in our an31j31s.

The OLS estimate of the capital elasticity has a rank sllghtly below the
mean while the Klein Wald estimate has a higher rank. The estimate on the scale-
elasticity is slightly below one for both nethods.

The covariance analysis estimates of the elast1c1ty of sunstltutlon sug™
gest that this parameter is below one. When ellmxuatlng year-ezfects the esti-~
mates are among the lower ones obtained for any one industry. In fact when
both year and establishment effects are eliminated it ranks lowest. 1In that
case the elasticity of substitution 2lsc is significantly less than one.

The calculated contributions to growth.imply that labour has the lowest
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rank when using unweighted growth rates and the second lowest when using weighted
growth rates. Capital's coniribution has a fairly high rank when using the OLS
method of estimation and unweighted growth 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 estimation 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 techaical 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.

e. Food Products.

This industry is rather heterogeneous, covering widely different activities.
In the Census-study seven of the twentyseven industries were from the 20- and 21-
industry groups. The results for these industries were rather different, and
as we also bhave a few units from group 22 in our Food Products indistry we should
expect rather poor fit of our relations. And this is proved by the computations
carried out. Only one incustry, basic Chemicals has a higher mean ‘square errors

of the two main relatioms; the Cobb-Douglas production function
and the ACMS behaviour relation. |

Table A.VI.1 tells us that this industry consists of mostly small units,
it pays low wages and has a low shzre 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 note-vorthy 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 councerning 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. ind as we see from Table A.VI.1 the slope
coefficient for the wage rate rank 14 while the others rank 15, This does also

suggest that our Food Products industry is quite inhomogeneous.
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Rather surprisingly, this industry has the highest estimate of
the capital elasticity when using the OLS method. Tae estiimate is also high, but
has a lower rank when using the Klein Wald method. The estimates on the scale ela-
sticity suggest that decreasing returns to scale rules in this industry. The OoLs-
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 ramk,; namely 13.

There is a basic difference in level of the covariance analysis estimates on
the elasticity of substitution when eliminating establishment effects and when not.
In the first case the estimntes have a very low rank and the elasticity of substi-
tution is according‘tb both sets of results significantly below one, while in the
latter case the estimates have a falrly high rank ani the elast1c1t} of substlturlon
is significantly above one.

As pointed out this industry is pretty heterogeneous and thus it is reasonable
to believe that taking out establishemt effects yields better estimates, Thus, if
anything our results suggest that the elasiicity of substitution of this industry
is below one.

Due to the high OLS-estimate on the capital elasticity the contribution to
growth of capital using this method of estiuation rank second. We also note from
Table A.VI.5 that irrespective of method of estimation and type of growth rates
contribution to growth form shifts has a high rank. (

Also for this industry there are suggestions in our results of materials
saving techuical change, while there is no strong evidence against neutrality of
the technical change at the value added levzl. But there is some support for the

embodiment hypothesis in the results of Section V.3.c for this industry.

d. Textiles.

On the average Textiles has fairly large units as the mean value of labour
input rank third /ngour fif-een industries. But the average product1v1ty 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 this industry the groﬁth in the wage rate is moderate.

On the other hand labour's share in value added shows a fairly strong positive trend,

Textiles is the industry with the sharpest decrease in materials’share in
gross production over time. This is also reflected in the low ramk of the growth
rate of the materials labour ratio. These two variablesdo élso show a rather strong

positive covariation with size, while this is not true for the other main variables,
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except for the capital labour ratio which also shows a positive correlation with
size. , S

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 ohe,‘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 suﬁsti*
tution are above one. But none of the recults imply thét the elaSticity'dfFSUbéti—
tution is significantly different from oue at cqnvenﬁional levels of the tests.
These results at least correspond quite well with those of the Census study.

The contents of Table 4.VI.4 tell us that "extiles is a stagnant industry
as the growth rates computed for this industry all have a low rank. 8o is true
for the contributions to growth of Table A.VI.5 too. N

As pointed out there is a sharp decrease over time in materials' share in gross
production suggesting materials saving tecimnical change also for this industry.'

At the value added level the fincings about the nature cf technical change are
ambiguousn 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. C(Clothing. ‘ ‘
Like Textiles, Clothing is also a low-wage industry. In fact it is the one
having the lowest average wage re*e according to our computations. It doeé 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 (thevlowest),growth rate of the,materialé labour ratioc.
There is no tendency of an cqualization over time of the wages of this industry
and the othégd7ggr%gsranks 12 concerning the growth of the wage rate; In spite of
this Clothing ranks third concerning the growth of 1apour's share in value added.
This industry is somewl:t peculiar in another way also as it ranks first
concerning the slope-coefficient of the size-variable 1lnll both for the materials

labour ratio and materials' share in gross production.
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According to the results of the Cobb~Douglas relatiocn when applying the OLS-
method this industry has very low elasticities of capital and scale as the estimates
on them rank second‘ahd fourth lowest respectively, But this is one of the in-
dustries for which tﬁe net effect of the OLS-biases discussed in Chapter IIL ceens
to be most 1mportant. Vhen using the Klein Wald method instead of OLS the estimates
on the elasticities under ‘discussion are substantially increased. ~ While the
results of the OLS method imply that the elasticity of scale is significantly
below one the results of the lattermethod suggest that it is above cne. 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 § effects are eliminated this elasticity
is significantly below one. Thus these results lend relatively strong support to
z conclusicn that in Clothing the elasticity of substitution is fairly low. The
Census study does, however, yield quite different resﬁlts on this point.

Table A.VI.4 tells us that like Tertiles, ﬂlotﬁing is a stagnant industry.
There is nc oa sic difference between unueighted and weighted growth rates, and
Table A.VI.5 Lells us that the calculated contributiéns to growth are low whatever
methed of estxragwon and type of growth rates are used. '

The findings aocut the nature of technical cngngc~issué 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 FWood Products.
This industry consists of mostly small units. It has also a low average
productivity for laboux, a low capital/labOU? ratio and;pays fairly low wages:on

the average, But it ranks first concernin tne oromib over time in labour’s share

_lu
in value added. On the other hand the materlals laaour ratio shows/falrly stable
pattern over time as the growth rate of this variable is the second lowest. .

From the regressions of the main variables on the size-variable we note that
both the materials labour ratio and materials' share in gross production rank third
lowest S, .. lowest e

/ while labour share in value added ranks / The findings of the two share
variables suggest that there are soume heterogeneity along the size-dimension in
thls 1ndustry, both at the gross proauctlon level and at the value added level.

The estimates of the capital elasticit have mediunm ranks while the eati~-.

ies
mates on the scale elasticity rank very high. Using the OLS method we have that
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the scale elasticity is significantly above one. The corresponding estimate ranks
second and using the Klein Wald method it ranks first. These findings correspond
fairly well with those of the Census-study.

From the covariance-analysis results of the ACHMS 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 significantly above one at 57 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 corfesoonding industries of the Census~study. o ’

The unwe1ghted growth ratcs of value added and capital and labour 1nput
have medium ranks while the weighted 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 contributicn to growth from capital get a higher
rank when using weighted growth rates, but due to the higher weighted growth rate

of value added, the rank/shlfts is higher when using that type of growth rates.
The findings about the nature of technical change suggest that also in th;s 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 from 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 product1v1ty of labou.,
It ranks flrst concerning the average capital labour ratio and third concernlng N
average wages. It is fairly materials intemsive as Loth materials labour ratio anu
materials’ share in gross production rank second. And it is also fairly caplt al
intensive as labour's share in value added has a rather low rank.

Wages have a high growth rate. In fact this ‘ 'in&ustfy has the
highest growth rate of that variable. Ue should note, however, that this is partly
due to decreasing prices of output, as our wage-rate variable is deflated with 2
price index of output price. Pulp and Pager is one of the few industries with a
fairly stable share of materials in gross production over time. On thekdthef hand

the share of labour in value added has a relatively strong growth over time as its
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trend coefficient ranks seccnd. Rather surprisiagly Pulp and Paper ranks second

.
~
&

also concerning the grovtd with size of labour's share in value added. This is

)-.J

peculiar as this industry has a high rank concerning the capital labour ratio's
growth with size. And it is alsc somewhat peculiar that this industry rank as low
as 12 concerning the growth of average productivity of labour with size and
as high 4 concerning the‘growth of materials’ share in gross production with size.
All in all these findings taste o%?heterogeneous sample. This was also the con-
clusion of some computations in the Census study, particularly that there are basic
differences between small and large units of this industry. Perhaps we could have
reduced hetercgeneity by dividing this jadustry into two, namely the Pulp industry
and the Paper industry  But nc calculations are tried in this directicn.

he capital elasticity is fairly high asccording to the OLS method as the esti-
mate on this parameter ranks fourth. 7The 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 of the
fifteen industries and the Klein Wald esktimate 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 test. Thus ‘
there is evidence of decreasing returns to scale for this industry. And this fin-
ding is éuppofted by the results of the Cimnsus study.

The estimates on the elasticity of substitutic. are also rather low. According
to all four sets of results the elasticity of substitution is siguificantly below
one at 5% levél. On the other hand the results of the Census study suggested, if
anything at all, that this parameter is above one for Pulp 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.rresponding 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 weigh4
ted ones are used. This difference is nmainly due to a lower weighted than unwéigh«
ted growth rate of value added.

In opposition to the previous industries there are no indications of materials
saving technical change in this industry. On the other hand there are falrly 'trong'“
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. Printing.

As pointed out in the previcus 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 cf the growth in output. 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 industries. The same is true for the contributions to growth
from “shifts". There are, Lowever, a few other results that should not be seriously
affected by the particular data problem for this industry. k

Printing is the industry with the lowest average size of the taits. Thus it
does also have the lowest rank cencerning 1abbur 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 time are faifly “normal® except those depending
on the price-index of output. '

From the results of the regressions on the size-variable, 1nN we note that
the larger units of this industry tend to be more materials intemsive 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 all 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 this parameter is below one for Printing.‘ And this conforms quite
well with the results of the Census=study. |

Printing has a very low growih in capital input judged by ﬁhe 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 using ﬁnveighted groﬁthyrateé it ranks as the
last one using the same method of'estimaiicu; and second last using the OLS method
and unweighted growth rates. Both the srowth rates of labour and this factor's

contribution to growth are fairly “normal™ as compared to the other industries.
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There is no support of the embodimeut 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 technfcal change in the Printing

industry.

1. Bastie Chemicals.

This industry has a lower average 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 ilow (in fact the lowest) rauk
of labour's share in velue added. Basic Chcmicals has a relatively high growth
rate of wages and it ranks first concerning the growth in the material's 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 1ni is the negative growth rate with size of the capital labour ratioc.

The OLS-biases of the Cobb-Douglas 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 (LS-estimate on the scale-elasticity ranks
second last and this method of estimation yields an elasticity of scale signifi-
cantly bLelow one. The Klein Wald estimate has a much higher rank and it is slightly
above one. Thus in this case the OLS results are strongly misleading, and we should
not conclude that the elasticity of scale really is 'i;elow'onc-:‘°

When not eliminating across effects the covariance analjsis estimates on the
elasticity of substitution is slightly above one :

while the clasticity of substitution is significantly

below one when the across effects are eliminated. Thus there is a very slight
suggestion cf an, elasticity of substitution below one in these results. _

While the growth rates of value 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-weightaigréwth rate of that variable is negative. This
implies low ranks of the calculated contributions to growth from the or@inary
factors of production and a high rank of "shifts”. This is confirmed by the contents
of Table A.VLI.5,

The findings of Secticn 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.



J . Mineral Products.

The only things worth nothinz from the mean values computed are that this
industry seems tc be rather »apltal intersive with low ranks both of labour's share
in value added and of materizis’ share in gross production and that it pays fairly
high wages. On the other hand the growth rate of wages over time is rather low.
From the results of the regressicns of the main variables on 1nll we note that
large units are more capital intensive t{han smaller ones as the regression coeffi-
cient of the size-regression of lobour's share in value added is significantly
negative and ranks as cecond laét. This conforms qulte well with the high rank of
the '"size“-regression coefficient of the cspital labour ratio and it may gge 7a1n
explanation of the high "size"-regression coefficient cf the average productivity
of labour, which in féct 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 élasticity of substitution does also seem to be quite high. When the
across effects are mot eliminated the estinates in fact rank first. While when
across effects are ellmlnated the éstxmatus are lower but they are still above one.
According to the two former sets of results tne elast1c1tj of substitution is
significantly above one.

The results both conceriiing the elasticity‘of scale and the elasticity of
substitution conform fairly well with those of the Census-study.

There is a basic difference bLetwesn the unweighted and welghted grwoth rates
of value added and capitai for Mineral Products. The unweighted ones are rarher
low while the weighted ones rank AJurth and second respect1vely. This 1mp ie
that the large establishments also have larger growth rates of these two variables
than small ones. Tuis may suggest that whet we estimate as increasing returns to
scale is a basic dxfference ‘between small and 1arge units boncernlng the 1eve1 of
the scale-elasticity ' due to a difference in the level of the cap1ta1
elasticity; That large units also tend to have a large capital-elasticity and
scale-elasticity. This is also suggested by the ° s1ze ~regre sions. But this

issue has mnot been subject of further 1nvest10at10n.



The calculated contribution to growth from capital when using weighted prcwa
rates ranks second. - But due to the high weighted growth rate of value added the
"shifts™" have also a much higher rank than when unweighted growth rates are used.

The results of Chapter V suggest that technical change is materials saviug,
and at the value added level that it is, if anything labour saving. We get some
support of the embodiment hypothesis as the cozificient of the “main embodiment
variable”, E is significantly positive as it should in case the embodiment hypbﬂ
thesis is true. On the other hand the coefficient of the dummy-variable,F z is also
significantly positive while it should rather be nezative to be “consistent” with

the results obtained for E.

k . Basic Steel.

This is a typically heavy industry. And it ranks first among our fifteen
industries both concerning average 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 adlition we note from the mean
values computed that this industry is rather capital intemsive and also fairly
materials intensive.

There are no significant trends in the share-variables in the period overed
by the data while there is a significantly positive trend with size of materials
share in gross production and a significantly negative trend with size of labour's
share in value added. Large units does also tend to pay higher wages and they
have definitely higher capital labour mtios on the average and also higher average
productivity of labour.

It makes a substantial difference which method of estimation is apvlled on the
production function for this industry. Using the OLS method the estimate on the
capital-elasticity ranks seven, while using the Klein Wald method 1t‘ranks_f1rst,
The difference between the two estimates on the scale-elasticity 1is substantiaily
less. It is above one for both.methods and according to the OLS method the
elasticity of scale is SLPnlflﬂantly 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, but due to large standard errors we cannot
reject the hypothesis ¢f an elasticity of substituticn of one for this industry.

The unweighted growth rates of walue added, labour and capital zre quite high
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as they rank 2, 3 and 1 respectively. The weighted growth rates are also high but
with a somewhat lower rank. Using the Xiein Wald method of estimation the calculated
contribution to growth frﬂﬁ capital ranks #s one both when unweighted and when weigh-
ted growth rates are used. ‘na confr1ou Lun froa labour does also have a fairly
high rank for Basic Steel, while when us:ng unweighted growth rates and the Klein
Wald method of estimation the shifts have a fairly low rank.

About the nature of technical change our results éuggest that it is labour
saving. And there is also some support for the embodiment hypothesis in the results

for Basic Steel.

1. Metal Products.

Judged by the mean values computed ifetal 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 significantly
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_elastiaity seen to be rather low for
this industry. The estimaie of tre latter is less than ome both when wing the
OLS and the Klein Wald method. Zad according to the results of the former the

rvﬂ

elasticity of scale is significantly less than cue. The Klein Wald estimate is

only slightly higher, and thu: thereris some evidence of decreasing returns to scale
in this industry. On the other hand thesrasults of the Census study suggested that.
there are-increasing returus to sczle in the Hetal Products industry.

Concernmo the analysxs of covariznce estimates of the elasticity of substi-
tution it makes a ba81c difference wnerher across effects are eliminated or not.
In the first case.the ;stxmaues arz above oune but the elasticity of ‘substitution
is not significantly above one according to these results. If across effects are
not eliminated the estimates are below one and thee&astlcxty of substitution is
arcordlng to these results significantly less than one. The results of the Census
study lend support to the later results. Thus, if‘aﬁ§thiﬁé“thé results

indicate that the ela tlcltr of subktltutlon is rather low for Metal Pro-
ducts. | -

The growth rates for value added are of ﬁoderate.magﬁitude while those of

the inpuis are fairly high. The calculated contribution to growth from labour has
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5

a fairly high rank whatever method of estimation and type of growth rates

pou

are applied: The "shifts” have a2 low rank in case we use the Klein Wald method

of estimation and weighted growth rates. We should ncte, however, that for this

.

industry we prcbably underrate the growth in output due tc an overrating of the
growth in prices. Thus we also underrate the contribution to growth from “shifts™.
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, however, inconclusive about whether technical change 1is
labour or capital saving. Concerning the embodinent hypothesis we get basicly the
same results for this industry as for ﬁineralAProducts; 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 durmy-variable FE 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.

m. Hon-Electrical Machinery.
Judged by the nean values there are small differences between this industry
and the previcus one. The main differences arve that the average productivity of

. ratio
labour and the capital labour / are somewhat lower for the present one. Con-

cerning growth rates the differences are somewhat more apparent as this industry has
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 pronounced negative trend in
materials share in gross production. The size-regressions suggest that larger units
are more materials intensive and capital intesive 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
applied on the production function. According to the OLS-method the capital ela=-
sticity is not significantly different from zero at 57% level, and its estimate
is the lowest obtained for any industry. The Klein ¥ald 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 semewhat lower, and does also have a lower rank,
but it is still above one. Thug if anything, the results suggest that there in

. .

fact are increasing returns to scale in this industry. This finding is supperted by
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the results of the Census-study.

The covariance analysis results of the ACMS relaticn are very ambiguous
concerning the level of the elasticity of substifution. ¥hen the across effects
are not eliminated the estimates on that psrameter are below one and when they are
eliminated they are above ome. But in no case do the results yield an elasticity
of substitution significantly different from one. The results of the Census study
conform closer to the former results.

There is a basic dlfference between the unweighted and weighted growth rate
of labour input, the latteraelng 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, togethar with the Klein ﬁal@ method of estimation. We should alsc
note that the calculated contxibution to growth from shifts has a low rank irrespec-
tive of type of growth rates when the Klain Wald method of estimation‘is uzed,

This may, however, partly be a result of an upward bias in the price index compﬁted
and a corresponding downward bizs in the growth rate of output. ,

About the nature of technical chaage there are indications of a labour saving

type. We also note that the embodimeni hypothesis seems tc get some support from

the calculations of Section V.3.c.

n. FElectrical Machinery. ‘

Electrical Machipery ranks second concerning the average labour input. This
does not conform quite well with the medisn of number of employees of this industry
according to which‘it ranks seven. There 1is a mmber of possible feésons for this
Jlscrepancy9 and probably the more 1pportanL is the wage differences uetween produc—
tion and non productlon workers and the role they play 1n our corputatlons of
hours worked by non production wo*kprs.

We note that the share variables are fairly stable over time and they o
not vary much with size either. - :

As for Won-Electrical Machjuary it matters much whether we use the OLS or
Klein Wald method of estimation. The estimates bhoth on the capital and the scale
elast1cxry are much larger and have much hi'her ranks when.the later method is applied
In fact there is only one ar,ag our fifteen industries that has a higher Klein
Wald estimate on the scale GL&StL:it”. Thus even if the OLS results do not yield
an elasticity of scale 31gn1f1canaly abo“e oue there seems to be enough evidence
to conclude that there are increasing returns to scale in this 1ndustry,' The

results of the Census study seem to support this finding.
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The covariance analysis estimates on ihe elasticity of substitution are
about one. The Census study results lend some support to the conclusion of a rather
low elasticity of substitution., But the standard error of the estimates are large
and the elasticity of substitution is not significantly below one according to
those results,

There are some differeunces between unweighted and weighted growth rates of
output and labour input as the Jater ones are substantially lower, particularly
for labour input. The weighted growth rate of capital is also somewhat lower than
the unweighizd one. This does alsoc affect the rank of the calculated contribution
to growth from labour as shcown in Tabie VI.5. But we also note from this table
that the rank of the contributions to growth from'shifts’ is not affected, either
of method of estimation or type of growth rates.

About the nature of techknical change there are some indications of a capitél
saving type, while there are nc indications of a wmaterials saving type, unlike
a number of other industries. There are no support of the embodiment hypothesis

either in our computations.

©. Iransport Equipment.

his industry has a low average productivity of labour, low capital labour -
and materials labour ratios and a rather low wage rate. In addition we learn from
the mean values computed that Transport Equipment is labour intensive as it has
the highest share of labour in value added among our indusiries, while there are
only three other industries 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 arnd partly alsc the mean values of the éverage productivity
of labour and the wage rate are zffected of the undervaluation of the growth in
output, due to -an overvaluation of the growth in prices. The share-variables are
aot affected of these errors in data, «nd we note Lhat neither of ther show any
substantive trend-like variation over fime. '

But the results of the regression of labour's share of value added on our
size-variable 1Inll ~unveil a rather surprising difference between large an¢ small
units as the first evidently tend to Le more labour intensive than the later ones.
In fact the slope coefficient of this regression for Transport Zquipment ranks
first. This greater labour intensivity of large units is also evident in the

negative slope coefficient from thie size-regression of the capital labour ratio.
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According to both OLS and the Klein Wald methods of estimation the capital
elasticity is rather low while the elasticity of scale is fairly high. The Klein
Wald estimate of the capital elasticity for Tramsport Equipment is the lowest
among. the fifteen industries while there are on.y two iudustries with a higher
Klein Wald estimate on the scale elasticit y. £ad as the OLS results yield an
elasticity of scale significontly above one there is evidence of increasing
returns to scale for Tramsport Louipment . This finding is supported by the Census
study results.

The covariance analysis results of the ACUS relaiion are rather ambiguous
concerning the elasticity of subutitutiom. When the across effects are not elimi-
nated it is significantly below one wuﬁlw'across effects are eliminated we get
estimates above one, But the stan’ard 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 tue former results, and thus there are more
evidence for than against an elasticity of substitution Lelow one for Transport
Equipment.

There are no basic differences between unweighted and weighted growth rates
for this indusitry; those of value added and capital are rather low while those
of labour are relatively higher. ZLabour 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 estimation 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 output in constant prices.

If anything the réaults about the nature of téchnical change suggest that
it is of capital saving type. There is also some. evidence for the validity of.
the embodlment hypothesis. But the racults are not unambiguous as the coefficient
of the dummy-varla le F" is s 19n1x;ﬂanv! positive,while it should be signific-
antly negative to be consisten‘ with the finding of a significantly positive
coefficient of the "main" embodiment varisble, E.

p. Misc. Produaté.‘
The size of the units of Misc. Products is ratler 'low on the average. 1t is

also by far the smallest industry measured by numbur of units.

It covers 13 units, 8 of which are engzgeld %n various plastic products activities

and they are responsible, to a large extent for some of the p@cullar findings
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of this industry, particularly those concerring growth rates.

The mean values computed are fairly normal while some of the growth rates
computed are widely different frcu those of the other industries of this study.
iisc. Products ranks first concerring the gt ywth rates of both value added and

labour input, irrespective if we use weizlit~d or unweighted growth rates. But
© ., growth rate of

in spite of this it ranks a: high as second concerning tuhfvaterlals labour ratioc.
It does also rank second conCernfnq the gr. th rate of wages, but due to the high

growth rate of output the growth rate of lavcur's share in value added is negative
and it has the lowest possible renz. 4rd we alzc note that even if the value of
materials nust be growing quite fast, gross productlon is growing . even faster
leading to a fairly strong negative trenl in materials’ share in gross productlon.
The size-regression results toll us thez buth av@rage productivity of labour,
the capital labour ratio, the mecterials labour ratio and materials share in gross
production is lower for large unit~ than for smaller ones. On the cther hand large
units seem to pay higher‘wages‘and they dc also seeu to be more labour intensive
than smaller units. |
In opposition to all o“rer industrins the Klein Wald method yields a lower
estimate on the capital elasticity than t! ° CLS method. Thus, as we note there
is an almost maximum possible dif“zrence in rank between these two estimates.
The Klein Wald estimate on the scale elasticity is also somewhat lower than the
QLS estimate. Doth esimates are eiow oia, but“écccrding to the later nmethod the
scale~elasticity is not signifi ziuly below one at conventicnal levels of the test.
The results from the covarianze avclysis of the AUMS relation suggest that

the elasticity of substitutica is above ono. In case across effects are not eli-
minated the elasticity of sututituvion fo significarily above cne. In case the
across effects are eliminateld the estimat.c are still zbove one, but in spite

of the fact that they rarnk first =& caimot rejent the hypothesis of en elasticity
of substitution of one at cowvent.nual ravels of the tests. But anyway,the“résuits

-

pstitution.

1.

rather uniformly suggest a relatively ki gh eiaéticity of su
Due to the high growth rates Loth of cutput and inputs the rank of the calcu-
lated contributions to growth  rari very Ligh. All rank first except-capltal
when the Klein Wald mathod is applied and"shifts'in case that method towerher
with weightad growth rates are apyp.izd.
Finally we note that for thi; industry we have e&iéenae of materials ééving
technical change, waxle the results at the value added 19ve1 are amblguous,_ But
there is some s yport forthe embodiment hwoothesis in our computatioms for Misc.

Products
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