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International comparisons have revealed that the
Finnish forest industries have good possibilities to im-
prove their competitiveness in the world markets through
productivity increase at branch and plant level. This
requires the search for appropriate comprehensive pro-
ductivity indicators and the analysis of factors underly-
ing productivity variation, which are the main objectives
of this study. The data are based on the information on
individual plants in 1974, obtained from the files of
Industrial Statistics in the Central Statistical Office in
Finland.

The study uses neoclassical average production func-
tions as the starting point and the theory is expanded to
cover factors underlying productivity variation when
measured with regard to labour, capital, materials input,
and total factor input. For the measurement of the latter
an index formula is suggested which would not necessari-
ly incorporate neoclassical assumptions as they cannot
be assumed valid in the Finnish forest industries. The
estimation results of average production functions sug-
gest increasing rate of returns in sawmilling but in pulp
and paper production evidence remains inconclusive.
The elasticity of substitution is unlikely to be constant
and the non-homotheticity assumption cannot be re-
Jjected.

The productivity variation is, in general, best ex-
plained by a relatively simple model with capital-labour
ratio, plant size and output quality as explanatory fac-
tors. Further trials with input quality, input price ratio,
process characteristics, and the rate of capacity utiliza-
tion improved the models only marginally in most cases,
which may have been partly due to the failure to measure
the variables successfully.

The cross-section results are compared with those of
an earlier time-series study. The estimation results of
average production functions yield somewhat different
information in the long and short run. Both cross-section
and time-series productivity models illustrate the import-
ance of output level in total productivity.
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ovat timin tutkimuksen tirkeimpind kohteina. Tut-
kimusaineisto perustuu Tilastokeskuksen teollisuustilas-
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parameters

capacity

dummy variable

derivative

F-value

function

price of capital input

returns to scale

capital input (capital stock)
capital-labour ratio

quality of capital input

capital stock adjusted by the rate of
capacity utilization

labour input (number of employees)
number of employee hours
labour-materials ratio

share of salaried personnel in the total
number of employees

percentage of technical staff in the
number of workers

average hours per employee per year
share of the hours of production workers
in the total hours of all workers
natural logarithm

materials input

volume of wood raw material used
number of observations
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price (price of output)

output

output quality

physical output of main products
gross value of output

net output

value added

multiple correlation coefficient
adjusted multiple correlation coefficient
Spearman’s correlation coefficient
regression coefficient

income share of labour input
income share of capital input
time

rate of capacity utilization

error terms

wage rate

value of output or input

input variable

variables

productivity index, total productivity
capital productivity

labour productivity

materials productivity
parameters

elasticity of substitution

variance
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1. INTRODUCTION

11.Background

Productivity is one of the most important
means to improve human welfare. Together
with increasing use of primary production
factors, i.e. labour, capital and natural re-
sources, it is a main source of economic
growth. Productivity tends to improve social
equality because it is a counterforce for infla-
tion. Productivity is used as a criterion in
investment decisions and collective wage bar-
gaining. Information on international pro-
ductivity differences serves as a basis for
strategy formulation at branch and firm
levels. These examples illustrate the key role
of productivity in economic development and
possible uses of productivity information.

Productivity is the relationship between
output of goods and services and the inputs of
resources, human and non-human, used in
the production process (Kendrick 1977, 14).
Measurement is based on volumes, not cur-
rent money flows as in the case of profitabili-
ty. Both outputs and inputs consist of compo-
nents, i.e. individual goods or services and
production factors. One of the key problems
in productivity measurement is how to aggre-
gate these components in a meaningful way.

Productivity is frequently examined as a
partial measure, i.e. output volume against
the use of one production factor at a time.
The interpretation of partial productivity in-
dicators is essentially limited by the ceteris
paribus assumption vis-a-vis the use of other
production factors. Therefore, the concept of
total productivity has been introduced which
refers to the relationship between output and
all inputs. The aggregation problem is now
extended to cover not only the different com-
ponents of inputs but also the amalgamation
of non-uniform production factors.

Productivity can be measured by means of
productivity ratios and production functions.
When ratios are calculated against two or
more production factors simultaneously, an
explicit or implicit production function is
needed. Because of their holistic approach
and causality, production functions have

been used for obtaining information on pro-
ductivity (cf. e.g. Walters 1963; Kennedy and
Thirlwall 1972). On the other hand, a com-
prehensive review of partial productivity
ratios produces results which cannot be de-
rived from production functions (e.g. Gold
1955; Fricke 1961; Eilon e.a. 1976). The de-
velopment of index theory has improved the
analytical possibilities of total productivity
ratios, which have been increasingly used in
the 1970’s, particularly in the United States
(e.g. Christensen et al. 1973, Gollop and
Jorgenson 1977; Diewert 1980).

Earlier studies on production functions in
forest industries have often been limited to
two branch aggregates (mechanical wood in-
dustry and pulp and paper industry) (e.g.
Hildebrand and Liu 1965; Berndtson 1967;
Aberg 1969; Griliches and Ringstad 1971):
There is a wealth of studies about productivi-
ty ratios in the individual branches of the
forest industries particularly in the United
States but also elsewhere (cf. Simula 1979, 6).

Wohlin’s (1970) study on the structural
change and expansion possibilities of the
Swedish forest industries deserves to be men-
tioned here because he successfully applied
Salter’s (1960) theory on productivity and
technical change. Thereafter the same ap-
proach has been almost a routine in many
branch studies in the forest industries (e.g.
Technological . . . 1974; Sagverksindustri . . .
1977). Wohlin’s study was followed in Swe-
den by Alvehed’s (1971) attempt to measure
total productivity and its dependence on cap-
ital intensity, plant size and other factors in
pulp and paper production. In Finland, time-
series analyses of production relationships in
forest industries have been carried out by
Cunningham (1974) and Simula (1979).

Solow’s method (1957) on measuring tech-
nical change or total productivity has been
tried for the pulp and paper industry in
Canada (Manning and Thornburn 1971) and
for the mechanical wood industries in the
United States (Robinson 1975). The conclu-
sions of these studies were limited by the
branch aggregation in the data and the prop-
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erties of the production functions applied.
Stier (1980) used the dual cost function and
Greber and White (1982) the method sug-
gested by Sato (1970) to estimate the nature
of production technology in the United
States.

Forsund and Hjalmarsson (1979) had ac-
cess to plant related cross-section data on the
Swedish particle board industry which en-
abled estimation of the frontier production
function. Their studies were further extended
to the pulp industry (Fersund et al. 1980). In
comparison to earlier research, these studies
were an interesting improvement to the
analysis of technical progress and structural
change in the industry.

Pressmar (1971, 243—261) analyzed the
production function of paper-making from
the technical viewpoint, trying to establish
the relationships between substance weight,
product quality, machine speed, wire width,
and the use of steam and water. This detailed
approach, endeavouring toward engineering
production function, separated gross and net
relationships and suggested the consumption
of production inputs be measured per output
unit and time unit.

Earlier studies on productivity in the forest
industries offer interesting results referring to
the central characteristics of production, i.e.
input elasticities, elasticity of substitution,
rate of returns, the form of production func-
tion, etc., and the contribution to productivi-
ty by various underlying factors. Because of
branch aggregation the meaningful interpre-
tation of estimation results has, however, of-
ten been difficult. On the other hand, the
available data and the adoption of the Cobb-
Douglas production function as the analytical
framework have frequently limited pos-
sibilities for detailed conclusions. In fact, the
quality and extent of available data have
perhaps been one of the main reasons why the
limits of traditional production . function
analysis have been difficult to overcome.

12. Study Problem

At least in the short run the Finnish forest
industries operate in a situation where they
have to adapt to the market and price de-
velopment of their products, while their pos-
sibilities to influence factor prices are limited.

Institutional development in Finnish society
has apparently reduced -the parameters of
decision-making at firm level and, therefore,
productivity increase has been seen as one of
the key measures to improve the industry’s
international competitiveness. Productivity
measurement is independent of changes in
unit prices and costs, exchange rates, and
taxation or subsidies, although reactions to
these changes are also reflected in produc-
tivity.

The international competitiveness of the
Finnish forest industries, which operate
primarily for export markets, weakened sub-
stantially during the first half of the 1970’s
(Suomen . . . 1979; Seppila et al. 1980). This
was partially explained by unfavourable cost
trends. International comparisons with the
other major producing countries revealed
that the level of productivity was low in Fin-
land, although the technical capability of
main machinery and equipment would have
assumed higher productivity than among the
main  competitors  (Suomen ... 1979,
74—77). This result, even though related to
labour productivity only in the pulp and
paper industry, has emphasized the need for
more information on factors underlying pro-
ductivity.

High unemployment levels in Finland, par-
ticularly since the mid-1970’s, have placed
more and more emphasis on the creation or
preservation of employment. On the other
hand, the open sectors of the economy, such
as the forest industries, have to ensure their
international competitiveness if they wish to
continue to expand and offer new employ-
ment opportunities. New investment incor-
porating the latest technology has almost in-
variably lead to increased capital intensity
and reduced unit labour input. Under these
pressures adjustment of substitutable produc-
tion factors, within the existing technological
and economic limitations, can be an impor-
tant tool for policy decision. This study tries
to obtain information on the role of substitut-
able factor ratios as underlying factors for
productivity. The primary inputs, labour and
capital, have a special role here, because the
substitution of one for another has tradition-
ally been assumed easier than substitution
between other inputs.

The evaluation of the use of production
inputs by means of factor productivities con-

sists of partial analysis, which, by definition,
has a limited scope and may lead to non-
optimum decision-making. The performance
of the Finnish forest industries has tradition-
ally been measured by these partial mea-
sures, notably labour productivity, or more
frequently by profitability ratios. Because the
latter ratios are influenced by changes in
prices and costs, they provide little informa-
tion on the rationale of using the real re-
sources available for the industry.

The main purpose of the study is to obtain
information on factors underlying productivi-
ty differences in the Finnish forest industries
in 1974. Productivity is measured here with
regard to labour, capital, materials, and total
factor input. Energy productivity is not in-
cluded in the study mainly for two reasons.
There are serious measurement problems re-
lated to this input in the source data. Further-
more, since 1974 a lot of changes have taken
place in the industry in energy productivity
and therefore measurement results would
have been of limited value.

In this study an effort is made to construct
a total productivity indicator, which would
relate the output volume to the use of a
specified set of factors of production. The
validity of the total productivity indicator
also needs to be evaluated. A total productivi-
ty index always implies an underlying pro-
duction function. Its properties need to be
known before the function can be specified.
The study aims at obtaining information on
these properties, in particular the rate of re-
turns, elasticity of substitution, and factor
elasticities. The study also attempts to assess
to what extent neoclassical average produc-
tion functions can yield information on pro-
ductivity variation. On the other hand, the
results of productivity analysis may be dif-
ficult to interprete, if the properties of the
underlying production function are not
known.

The data of the study are derived from the
file information of the Industrial Statistics of
the Central Statistical Office in Finland. The
study aims at judging to what extent these
data can be used for productivity analysis, as
they provide the only readily accessible infor-
mation on the outputs and inputs of the
Finnish forest industries at plant level.

Finally, the objectives of the study include
a comparative evaluation of the information
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produced by time-series and cross-sectional
data on the properties of production function
and factors underlying productivity varia-
tion.

In summary the study aims at obtaining
information on production relationships and
productivity in the forest industries which
can be used to improve the international
competitiveness of the sector both at branch
and plant level. This includes the search for
appropriate comprehensive productivity indi-
cators and the analysis of factors underlying
productivity variation. The study does not
include a review of the main characteristics of
the industry since they have been sufficiently
described elsewhere (e.g. Suomen ... 1979;
Seppila et al. 1980).

13. Method of Study

The study reviews first the properties of
alternative production functions which in this
study serve two purposes. Firstly, they pro-
vide information on the characteristics of pro-
duction relationships in the forest industries.
This information is needed for establishing
total productivity measures and identifying
factors underlying productivity. Secondly,
the estimation results of production functions
contain direct information on certain aspects
of productivity. A number of alternative func-
tions are tested and efforts are made to im-
prove their properties. The role of estimation
bias is also evaluated. In order to avoid over-
exploitation of this information, there is also a
need to discuss what is the possible interpre-
tation of the estimated average production
functions.

The establishment of total productivity in-
dices aims to rely on theoretically acceptable,
flexible and accurate measurement princi-
ples. An interpretation of cross-section total
productivity measures is tried, and an at-
tempt is made to verify the results. Finally,
the total productivity indices measured serve
as independent variables in productivity
models.

Conceptual models are constructed for ex-
plaining factors underlying productivity vari-
ation at plant level. These models are
specified separately for labour, capital, mate-
rials, and total productivity. The extent and
nature of model relationships are evaluated
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by means of regression analysis, because the
main focus is to establish the role of individu-
al variables in productivity variation.

The final part of the analysis compares the
cross-section and time-series estimations
which are derived from similar analytical
frameworks and the same source of data. The
purpose is to find out to what extent the two
approaches produce comparable results, and
what kind of conclusions can be made con-
cerning the short and long run changes in
productivity.

The choice of the method of study was
influenced by the available data. Because no
vintage information was available on the
plants, only average production functions
were estimated even though more interesting
results could have been obtained through so
called frontier functions (cf. Chapter 211).
Their estimation would have required obser-
vations of a number of production units es-
tablished at the same time (and hence based
on the same technology) but experiencing a
variety of relative factor prices (cf. Bosworth
1976, 69). Another approach could have been
to select typical comparable units within

branches and carry out a detailed investiga-
tion on productivity factors at the shopfloor
level. Such analyses can be very useful but
the data collection is extremely costly if statis-
tical validity of results is desired.

This study is analytical by nature and
therefore optimisation methods have not been
used. The selected approach was deemed jus-
tified as very little information has been avail-
able on productivity variation in the forest
industries at plant level, and as the nature
and coverage of the data used imposed a
number of limitations. The chosen method of
study has apparently several limitations, par-
ticularly with regard to the identification and
operationalisation of productivity factors. It
is therefore possible that many fundamental
aspects may have been omitted in the analy-
sis. Examples of such factors might include
the quality of work environment, job satisfac-
tion and motivation, organisation patterns,
management skills, etc. These factors remain
here outside the statistical causality and are
reflected as “random” variation in estimation
results.

2. PRODUCTION AND PRODUCTIVITY MODELS

21. Production Functions

Theory of production is based on produc-
tion function, which describes the relation-
ships between output and inputs. Production
function explains how factors of production
are thought to be transformed into outputs in
the production process. In general form, pro-
duction function can be written.

21 Q=1(X),

where Q represents outputs and X inputs.
Their relationship implies that a technical
maximisation problem has been solved or a
given output is produced with a minimum
quantity of inputs.

Production functions have several charac-
teristics, and these influence their application
in economic analysis. They can be specified ex
ante or ex post, at micro or macro level, or in
the short or long run; functions can refer to
feasible region, they may be specified at a
production frontier or they can be related to
some average conditions. The nature of tech-
nology and the type of technical change adds
two more dimensions to production theory.
Production theory lacks a consensus of opin-
ion. The analytical approach in individual
studies must therefore be derived from the
objectives of investigation within the limits of
data availability. In this study the economet-
ric estimates of production functions serve a
number of purposes. They test alternative
measurements of output and inputs, they as-
sess the contribution to output by factors
other than inputs, they provide information
on the elasticity of scale and the nature of
substitution between inputs, and they are
used for constructing productivity indices.

Forest industries can largely be assumed to
apply putty-clay technology. There are ex ante
substitution possibilities between inputs, but
once the plant has started its operation, these
possibilities ex post are non-existent. This as-
sumption can be refined further (e.g. Ollon-
qvist 1979) and it will be qualified in the
following.

211. Frontier and Average Production Functions

In the factor space the traditional concept
of production function is represented by an
isoquant which specifies alternative tech-
nologies to produce a given output with the
most efficient use of inputs, assuming that all
the production functions are homogeneous
and of first degree'. An isoquant refers to
best-practice technology as it exists in each
period either as observed or in blueprints, i.e.
production  possibilities. With technical
change efficiency is improved and the iso-
quant moves towards the origin in the factor
space.

If the isoquant (frontier production func-
tion) of an industry is known, it has been
common since Farrell (1957) to define and
measure the technical efficiency of an ob-
served establishment (e.g. C in Figure 1) by
comparing its input coefficients with the in-
put coefficients on the isoquant or efficiency
frontier for the same factor proportions (OB/
OC in Figure 1). If the factor prices are equal
for all establishments, a unit cost line can be
constructed (EF in Fig. 1). Its tangential
point on the isoquant represents both techni-
cal and price efficiency. The price efficiency
of an observed establishment can be mea-
sured as OA/OB. Farrell’s analysis rests on
the assumptions of the homogeneity of the
degree one, homotheticity of production func-
tion, and the cost-minimising behaviour of
firms.

Alternative methods have been developed
to estimate efficiency frontiers of frontier pro-
duction functions from cross-section data
(e.g. Aigner and Chu 1968; Timmer 1971;
Carlsson 1972; Forsund and Hjalmarsson
1974). The methods require either vintage
information or several time observations on
each establishment, or calculations are exten-
sive. In a study utilizing similar data to that
in this study, Fersund and Hjalmarsson
(1979, 84), however, concluded that their
data did not contain sufficient information to

DfAx,Ay) =Af(x,y) whenr =1
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Fig. 1. Efficiency in Two-Factor Production Function Fig. 2. Two-Factor Frontier and Average Production

(Source: Farrell 1957).

enable a proper ex ante function to be esti-
mated with the specified form. Because the
data of this study are apparently of poorer
quality than theirs (Chapter 31.), the ap-
proach was rejected as serious interpretation
difficulties were anticipated.

Another approach to study efficiency varia-
tion in a cross-section is to use some sort of
average production function, which is located
further away from the origin than the frontier
production function in the input coefficient
space (Fig. 2). Theoretically these two con-
cepts are not directly linked because the para-
meters of an “average isoquant” are difficult
to interprete meaningfully.

Average production function is a reflection
of the past best-practice technologies and the
existing vintage structure. It is some sort of
an average of the technologies in use. Its
parameters can be estimated but their in-
terpretation cannot be directly derived from
classical production theory. There is no gen-
eral reason to assume that they should reflect
the parameters of frontier production func-
tion. In the strict sense, an average produc-
tion function does not describe technology at

Function.

all, as any particular input coefficient combi-
nation may be associated with several tech-
nologies. On the other hand, average produc-
tion function can be said to represent the
prevailing technological structure of an in-
dustry in terms of average conditions. The
parameters of such functions can be inter-
preted with reference to these average condi-
tions. Frontier functions refer to best-practice
technologies as they exist at a given point of
time, while average production function rep-
resents the existing technologies of different
vintages.

If the degree of homogeneity is estimated
by an average function, it incorporates not
only the rate of returns but also technical
change embodied in different vintages. The
results do not reflect the rate of returns of the
best-practice technology as it exists at a given
point of time. Analogously, the estimates of
factor elasticities in average production func-
tions describe changes in input coefficients
relative to output changes in the average
conditions of an industry over the existing
technologies. The elasticity of substitution in
average function can be interpreted as the

degree of easiness to substitute an input for
another one in the prevailing mixture of tech-
nologies. The average elasticity of substitu-
tion does not illustrate the ease of substituting
inputs within alternative best-practice tech-
nologies.

There is, however, a certain link between
estimates derived from frontier production
functions and average production functions
but their relationships cannot be theoretically
formulated and operationalised here. Aver-
age estimates may contain valuable analyti-
cal information on the structural properties of
an existing industry but they cannot be inter-
preted as frontier estimates. If individual
branches can a priori be considered relatively
homogeneous, it is possible that some techni-
cal characteristics are still present in average
production functions (cf. Bosworth 1976, 95).

In practice, the interpretation of frontier
functions would be ambiguous in such
branches as the forest industries. In principle,
a cross-section observation represents a one-
time best-practice technology. In the Finnish
forest industries this is, however, seldom true.
Modernisation and maintenance investments
have changed the original technology and
input coefficients. There are a large number
of other factors which may also cause varia-
tion in input coefficients, such as the quality
of inputs and outputs, unequal factor and
product prices, management bias, etc. Al-
ready at the blueprint stage, many produc-
tion units fail to reach frontier efficiency due
to physical conditions. In Finland, the choice
of technological variables in the forest indus-
tries is limited by the type and availability of
wood raw material. Most new capacity ex-
pansions are made in the existing establish-
ments where the available industrial facilities
narrow the scope of decision alternatives.
New mill sites are seldom born as the general
tendency is to shut down inefficient produc-
tion units. Both vertical and horisontal integ-
ration yields economic benefits in the forest
industries. Choices as regards a particular
process may be based on the overall costs and
revenues of a whole integrate.

Non-optimum decisions on an individual
process may therefore be made because of
integration. For instance, the size of a particle
board plant may decidedly be based on the
available volume of mill residues produced by
the adjacent sawmill and plywood mill.

212. CES Production Functions

The study is largely based on two types of
neoclassical production function. The tradi-
tional Cobb-Douglas (CD) function is

(22) Q=AL°KP,

where L is labour input, K capital input, and
o.and f are parameters. The function is linear-
ly homogeneous; its elasticity of scale and its
elasticities of output with respect to particu-
lar inputs are all constant as well as its elas-
ticity of substitution, which is further as-
sumed to equal one. The CD function is often
transformed into

(2.3) Q/L = A(K/L)P L,
whereh = a + f —1.

The constant elasticity of substitution (CES)
function (Arrow et al. 1961, 143) is obtained
from

(24) Q=4 [6 K *+ (1-9) L-“]-"“,

where y is a technical efficiency parameter
and & is a distribution parameter representing
factor intensities. v is the returns-to-scale
parameter representing the degree of
homogeneity. The elasticity of substitution is
assumed constant and it is derived as 0 =
1/(1 + a). The CD function is a special case of
the CES functions.

In spite of its higher degree of generality
compared to the CD function, the CES func-
tion includes a number of limitations. Change
in the homogeneity parameter v incorporates
both changes in the elasticity to scale and
neutral technical change. The CES function
is difficult to generalise for more than two
factors, as partial elasticities of substitution
have to be assumed equal (McFadden 1963;
Uzawa 1962). Furthermore, the distribution
parameter is dependent on the units of mea-
surement.

Direct estimation of the CES function is
not possible by simple linear regression
techniques because there are second-order
parameters in the function. Under the as-
sumptions of cost-minimising behaviour and
constant returns to scale the CES function
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has commonly been estimated as the side
relation (Arrow et al. 1961, 138)

(25) In(Q/L)=a+olnw,

where a is a constant and w real wage. In the
following this is referred to as the ACMS
relation. The elasticity of substitution 0 is now
a first-order parameter, and its estimation
can be made with some precision compared
to nonlinear estimation of function (2.4) or
two-stage iterative calculation procedures.
If the main purpose is to test the departure
of 0 from one, Taylor’s theorem can be used to
expand the CES function. If the third and
higher order terms are omitted the following
approximation can be used (Kmenta 1967):

(26) In (Q/L) = a + b In L + by In (K/L) +
by [in (/1] %

where by =v —1, b, = (1 — 8) v, and by =
Yav (1 — &) & a . If by is not significantly
different from zero, the CD form can be ac-
cepted. On the other hand, b; #0 can be a
result of a more general production function
as alternative hypotheses are not limited to
the CES forms. b is a function of the elastici-
ty of the substitution and the distribution
parameters. Its value is likely to remain small
and therefore, large samples with sufficient
variation of the capital-labour ratio are
needed.

The approximation is not a CES form and,
therefore, the resulting parameter estimates
are not independent of the units of measure-
ment of L and K. Griliches and Ringstad
(1971, 10) evaluated the elasticities associ-
ated with the approximate form at the
geometric mean levels of the inputs and, in
particular, at a level where the geometric
means of the sample are equal. The elas-
ticities derived from this kind of approximate
formulations are to be interpreted as having
been evaluated at the mean level of the
sample.

If b; # 0 and is statistically significant,
alternative techniques such as non-linear esti-
mation can be used. Another possibility to
obtain evidence on non-constant returns to
scale is to add a size variable (e.g. output
volume Q) to the ACMS relation (2.5) as
Nadiri (1970, 1157) and Griliches and Ring-
stad (1971, 12) have suggested:

(27) m(Q/L)=a+blnw+clnQ,

where Q can be replaced by L or K/L which
would be reflected in the interpretation of
parameter c. If ¢ #0, it supports the assump-
tion that the elasticity of substitution is not
constant over size classes, if expressed in
terms of Q or L, or over the dispersion in the
K/L ratio. These kinds of functions are called
variable elasticity of substitution (VES) pro-
duction functions. ¢ # 0 does not, however,
prove that elasticity varies, as it may be a
result of other properties of the production
function, e.g. that the homotheticity assump-
tion implicit in the CES form is wrong.

In the VES specifications referred to abo-
ve, the same variable Q occurs on both the
right and left side of the function, and therefo-
re the condition of non-correlation between
the error term and explanatory variables is
not satisfied. The endogeneity problem in
function (2.7) can be reduced by estimating
the function based on grouping into e.g. emp-
loyment-size categories (Griliches and Ring-
stad 1971, 12) or by using such exogenous
variables as capacity level as additional vari-
ables instead of Q, L or K/L.

In the Kmenta approximation the square
term can be interpreted as a “constrained”
version of a general plynominal form in the
logarithms of the variables and thus its "un-
constrained” version may be used to test the
homotheticity assumption. The translog pro-
duction function serves this purpose (Chris-
tensen et al. 1973).

(28) mQ=a+bInL+bInK+binLInK+
by (In L)? 4+ b, (In K)?

If b; = by = b; = 0, the function collapses into
the CD form. In general, the function is quite
flexible in representing arbitrary producion
technologies in terms of substitution possibili-
ties (cf. Intriligator 1978, 280). The function
has been used extensively although its theore-
tical properties and interpretation can be
considered ambiguous.

There are a number of other neoclassical
production functions in the literature, which
relax assumptions on elasticity of scale or
substitution. They are not reviewed here, be-
cause their possible additional contribution
to the study problem at hand is deemed
limited compared to the information derived
from the CES class functions.

A priori assumptions on the properties of
production function in the Finnish forest in-

dustries are difficult to make, not only becau-
se of the ambiguous interpretation of the
neoclassical aggregate production function,
but also due to the strict assumptions made
on the homogeneity of factors of production
and on the perfect competition on the product
and factor markets. Earlier time-series stu-
dies (Simula 1979) are inconclusive, and the-

refore alternative hypothesis are tested in this
study.

22. Total Factor Productivity Index

A productivity index can be a partial or
total measure. Partial productivities (Y;) rela-
te the volume of output to the use of a single
production input ceteris paribus, while total
productivity (Y) is measured over all the used
factors. The index of total factor productivity
is typically computed as

dy _ d dX

(2.9) v - g X’
where X refers to total factor input. Sufficient
conditions for the measurement of total factor
productivity include the existence of consis-
tent indices of both aggregate output and
total input, which means that the underlying
production function has a weakly homothetic
separable form (Berndt 1980).

If the analysis is extended to incorporate
price and quality data at discrete points of
time, specific forms of production function
are necessary. Christensen et al. (1976) and
Gollop and Jorgenson (1977) used transcen-
dental logarithmic functions or translog pro-
duction functions for this purpose. Producti-
vity change derived from the translog produc-
tion is in the simplest two-factor case (cf. e.g.
Gollop and Jorgenson 1977, 13)

(2.10) In (YT') - In (QQ_-) _

[a In (LL—") +bln (’%—')

where a and b are weights corresponding to
average value shares in periods t and t+1:

B
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(55) + (s K..)
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w and g are unit input prices of labour and
capital, respectively. The underlying translog
production function assumes constant returns
to scale and producer equilibrium as necessa-
ry conditions, which implies that the value of
output is equal to the values of inputs.

If the true functional form for the total
factor input index is not known, a superlative
index should be used, one that is exact for a
flexible functional form (Diewert 1980, 509).
An index number is superlative if it is exact
for a function which can provide a second-
order approximation to an arbitrary linear
homogeneous function. The Edgeworth
weighting scheme in (2.11) is not free of
measurement error.

In this study the value shares used as
weights have been measured as logarithmic
means or using the Vartia I index (Vartia
1976, 124-128). The index satisfies accurate-
ly both the factor reversal test and the time
reversal test but usually the sum of the
weights does not equal unity. This is not a
disadvantage as at the same time the Vartia I
index is consistent in aggregation. It belongs
to the family of superlative indices (Diewert
1976). The weights of formula (2.10) can now
be written

_ L (W, Wy
212) =gty

p=LWE WY
L (Wi, W)

where W = wL, WX = gK and W = pQ or
the values shares of labour and capital, and
the value of output, respectively. Logarithmic
means are defined as follows, e.g.

@13) L (W, w) = Wy
(%)

In three-factor measurement, productivity
change is
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214) In (%) = (%_L) ~

L Km) (Mm)
[aln(T“—)-#bln(K‘ + cln M.

The value of output is now measured in gross
terms, while in the two-factor case it is based
on value added. The weight of materials in-
put is

L (W, , W

@13) €= T W,.., W)

where WM is the value share of materials
input.

In the above formulae measurement is ba-
sed on changes, which partly reduces the
problem of aggregating heterogeneous factors
of production. If quality change is included in
the measurement of output and input varia-
bles, the measurement of changes is further
justified because of the difficulties involved in
the measurement of quality levels of vari-
ables.

If productivity change is interpreted as
technical change, it is nearly Hicks-neutral
because of the homogeneity of the underlying
production function. Measurement based on
variables with quality change included can be
compared to measurement with no quality
change in variables in order to assess the
importance of embodied and disembodied
technical change in productivity develop-
ment.

In the foregoing analysis subscripts t and
t+1 have referred to different time periods
but they can analogously refer to successive
observations in a cross-section. The interpre-
tation of total productivity is, however, diffe-
rent and depends on how the cross-section
observations have been arranged.

The weights used in productivity measure-
ment can be fixed, variable, or they can be
changed at certain intervals. In time-series
analysis preference should be given to peri-
odically changing weights, if there is not suffi-
cient evidence to support assumption of line-
ar homogeneity of production function and
constant elasticity of substitution (Simula
1979, 51). In cross-section measurement the
choice of weighting scheme depends on how
the observations have been arranged and
what is the purpose of measurement. If some

sort of average weights are used over the
whole cross-section, an assumption on an
average fixed technology is implied, and this
is difficult to justify. If the observations are in
vintage order, changing weights at certain
intervals would usually be preferable accor-
ding to the same argumentation as in time-
series analysis. Productivity measurement
would then reflect changes in market structu-
re, elasticity of scale, elasticity of substitution,
quality of variables, and the nature of techni-
cal change. Following Diewert’s (1980)
suggestion the chain principle of weighting is
applied in this study rather than fixed base or
some sort of grouped average.

Total productivity can be measured in
terms of capacity level of output and inputs or
in terms of their actual volumes. Although
the measurement at capacity levels has some
advantages, there is a general consensus that
the actual volumes should be used as the
basis (e.g. Christensen and Jorgenson 1973;
Kendrick 1973, 26; Denison 1974, 56; Gollop
and Jorgenson 1977, 141).

23. Productivity Model

The neoclassical production functions dis-
cussed in chapter 21. mainly focus on the
explanation of changes in output in terms of
factor inputs. Output volume or labour pro-
ductivity only appear as dependent variables.
Other approaches are therefore needed to
expand the scope of productivity analysis. In
this chapter a conceptual model is presented
for analysing factors influencing individual
partial productivities and total factor produc-
tivity. The formulation of the model is, howe-
ver, constrained by the available data.

It is assumed that firms in the Finnish
forest industries endeavour to minimise their
production costs. Output and input volumes
are chosen based on their present and expec-
ted unit price development. The unit price of
output is primarily determined outside an
individual firm. The bulk of production in the
forest industries is exported and in no major
product can Finnish exporters be considered
price makers. The sales price is largely deter-
mined by other suppliers. Rather than reduce
prices during recessions the industry curtails
its production level.

Wages and salaries are largely determined
by collective bargaining between the trade
unions and the employers’ association of the
industry. Local adjustments are frequently
made and, in certain cases, the wage drift has
been larger than the agreed increase in wage
rate. A substantial part of the decision-ma-
king power on wages and salaries is, however,
in general, outside individual firms.

Apart from sawmilling the Finnish forest
industries are characterized by a relatively
small number of major companies, which
have interests in several branches of the in-
dustry. They co-operate through various joint
organizations to establish guidelines for
stumpage values with the central association
of forest farmers. During periods of keen de-
mand stumpages also tend to slide upwards
from the agreed levels. The unit prices of
purchased energy and chemicals for the Fin-
nish forest industries are partly determined
by world market prices. Also the price of
capital input is exogenous. Forest industry
firms have only limited possibilities to influ-
ence their financing costs. It can be conclu-
ded that the cost-minimising behaviour of
firms is a matter of choosing volumes of indi-
vidual outputs and inputs within the present
and anticipated prices, which are largely bey-
ond the control of a single firm.

Cost minimising or profit maximising
should yield the same outcome as maximising
total productivity assuming a linear and
homogeneous production function and using
the duality theorem:

Profit maximisation:
max. pQ - (wL + gK)
Productivity maximisation:

max.

_PQ
(wL + gK)

If the denominator is not taken as an ap-
proximation of production function (in cases
where its properties cannot be tested) but
simply as a way of aggregating inputs for
measurement purposes, the homogeneity as-
sumption is not necessary. The interpretation
of unit prices is not, however, necessarily the
same in the above formulae. In profit mea-
surement price refers to the current price of
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each item, while in productivity measure-
ment it is a weight and may be calculated as
some sort of average over items or time.

Total productivity is a relatively abstract
measure and in practice it has seldom been
calculated at firm level. Total cost would
therefore appear a more relevant measure but
if the two criteria are parallel, maximisation
behaviour can be applied for both types of
analyses. The maximisation of profitability
should lead to maximum total factor produc-
tivity and both of them could be used as
operational decision variables. Total produc-
tivity is a specific combination of individual
factor productivities within the limits of the
prevailing production function (or other in-
put aggregation schedule used in the compi-
lation of productivity measure). Substitution
of inputs represents a problem if individual
factor productivities are analysed within the
above-mentioned framework. In a typical
case, when labour is substituted for capital at
a given output level, capital productivity re-
duces while labour productivity increases. If
e.g. plant size changes at the same time, these
impacts become less clear to analyse.

Substitutable inputs play a special role in
productivity analysis. In this study their ratio
is considered a possible decision variable
which reflects the chosen technology but also
transfers the impacts of several underlying
factors on productivity. At the planning
stage, it is often assumed that in an industry
there are ample possibilities to substitute
labour for capital. In the forest industries the
practical possibilities for varying unit input
coefficients are relatively limited, as the
minimum economic size of a plant is in many
cases relatively large. Substitution can be
assumed difficult because there are relatively
few alternative processes available for each
major product. Furthermore, the individual
specifications of machinery and equipment
suppliers are relatively few and standardised.
Ex ante elasticity can, therefore, be assumed
different from the putty-clay model.

In general, productivity can be assumed to
depend on substitutable input ratio, input
and output quality, input prices, plant size
and product demand. The characteristics of
the production process have an impact on the
substitutable input ratio which partly deter-
mines the quality characteristics of inputs
and outputs. Quality is reflected in unit
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prices which are exogenous as discussed
above. The price relationship effects both the
substitutable input ratio and productivity.
The choice of production process and pos-
sible capacity range are partly interrelated.
Choice of plant size is based on market pos-
sibilities, wood raw material availability, and
profitability where the impact of integration
may be significant. Decisions on capacity
level determine the possible range of sub-
stitutable input ratio and productivity.

Product demand determines exogenously
to what extent the existing production
facilities can be used, which is reflected in the
rate of capacity utilization. In forest indus-
tries the short-term variation in this rate can
be large. Inefficient plant design, raw mate-
rial availability and other reasons may ex-
plain why capacity utilization may remain
lower than the markets would allow.

The model described above is illustrated
by Figure 3. The model does not include
vintage because it was not possible to find an
operational way for its measurement in this
study. This is contrary to Salter’s (1960)
theory which advocates for the existence of
embodied technical change. As evidence is
inconclusive or suggestive at most (e.g. Gre-
gory and James 1973), the exclusion of vin-
tage effects may not be critical to the results
of this study. In forest industries plant size

cannot be used as a proxy for vintage, as in
some other branches, because it is presumed
that the choice of capacity level is often more
closely related to local conditions than vin-
tage.

Either total factor productivity or alterna-
tive factor productivities can be interpreted
as the productivity measure in the model.
Because of substitution relationships it is not,
however, assumed that firms attempt to max-
imise all productivity measures equally. If
maximum total productivity is aimed at, it is
possible that the use of some inputs is ineffi-
cient for internal reasons. These kinds of
limitations are assumed to be reflected in
substitutable input ratio. In the following, the
general model is qualified for individual pro-
ductivity measures.

It can be assumed that decisions on the
levels of output and labour input are partly
simultaneous. They behave differently during
business cycles. During recovery the use of
labour is first increased by raising over-time
work and then by recruiting. The recruited
labour is first of lower than average quality in
the industry because it has not yet been
trained for the job. During recession the re-
duction of labour force takes place slowly,
mainly through refraining from new recruite-
ment. For these reasons, cycles tend to be
more pronounced in labour productivity than
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Fig. 3. General Model of Productivity in the Forest Industries.

in output. Labour is a less rigid factor of
production than capital but it is also less
flexible to adjust than e.g. materials input. In
this study labour is considered endogenous,
although there are reasons to assume it ex-
ogenous as well, particularly in pulp and
paper production, where labour input has
been less flexible to adjust than in the
mechanical wood industries.

Labour productivity is assumed to depend
on capital-labour ratio, which reflects the
technological choices with regard to the
characteristics of production process and
plant size. These two factors also influence
labour productivity directly. The quality of
labour force and output are reflected in the
K/L ratio and also directly in labour produc-
tivity. Price relationships of capital and
labour have an impact on the K/L ratio at the
investment stage but they also influence ex
post labour productivity within the limits of
possible adjustments in the existing plant.

Forest industries are not very labour inten-
sive. The share of labour costs of the gross
value of production is highest in sawmilling
and plywood production. The rest of the in-
dustry (particle board, fibreboard, pulp, and
paper) is typically capital intensive. There is
hardly a reason to assume that firms would
generally maximise labour productivity from
the viewpoint of maximising profit or total
productivity. However, various institutional
factors such as legislation, the changing role
of trade unions etc., suggest that the industry
may have other than economic incentives to
minimise their labour input per output unit.
Once the plant has been established, labour
input becomes a focus of efficiency improve-
ment efforts. Possible improvements may or
may not require additional capital invest-
ments. The variation of labour productivity
in the existing industry reflects therefore both
ex ante and ex post decisions. The maximisa-
tion of labour productivity is assumed to be a
relevant concept, particularly ex post.

Capital productivity or output-capital ratio
is primarily determined ex ante. It is influ-
enced by the characteristics of production
process and plant size. With regard to unit
investment costs the economies of scale are
well documented in the forest industries (e.g.
Guide. . .. 1973, 129—132; Guidelines . . ..
1975). The hypotheses on maximising capital
productivity can be justified because of the
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forest industry’s general capital intensity.
The technological choices are reflected also in
the K/L ratio, which in this case is influenced
by the quality of capital. The K/L ratio can
also be postulated as a factor having impact
on capital productivity. Other underlying
factors include input price ratio and output
quality. As in labour productivity, exogenous
product demand determines to what extent
the available capacity can be utilized.

The use of materials input can be assumed
relatively fixed with output level in a single
plant in the short run. In the long run and
across plants substantial variation is possible.
Materials productivity is assumed to be influ-
enced by production technology as reflected
in plant size and process characteristics. The-
re are some, but presumably limited, possibi-
lities to substitute materials for labour in the
forest industries and therefore the L/M ratio
can be included in the analysis of materials
productivity. The role of the L/M ratio is
presumably weaker than that of the K/L ratio
in analysing labour productivity and capital
productivity. More opportunities for substi-
tution could be found between the individual
components of the materials input such as
wood and energy or wood and chemicals. The
analysis of these relationships are beyond the
scope of this study. Materials productivity is
further influenced by its own quality and unit
price, output quality, and production techno-
logy. The rate of capacity utilization may also
be reflected in materials productivity.

The general model aimed at explaining the
variation in productivity between plants in
the forest industries can now be written

X, Y
(2.16) Y;=f( i, X3 ,&,P,C,U)
X * Pi

]

where Y; is a productivity measure, Xi/X;
substitutable input ratio, X{ input quality, q
output quality, p;/p; input price ratio, P pro-
cess characteristics, C plant size, and U the
rate of capacity utilization. Based on the the-
ory of production (Chapter 21.) the functio-
nal form of productivity models can be assu-
med log-linear. The model is assumed gener-
al for individual partial and total productivity
measures and for individual branches and
their aggregates in the forest industries.



3. DATA, VARIABLES AND ESTIMATION METHODS

31. Data Sources and Preparation

The principal source of data in this study is
the 1974 questionnaires of the annual Survey
on Industrial Activity in Finland, carried out
by the Central Statistical Office. The survey
covers all the manufacturing establishments
as defined by the Finnish Standard of Indust-
rial Classification. The following branches
are included in the study:

ISIC code

— Sawmills 331111
— Mechanical Wood

Industry 331111, 331191, 331192
— Pulp Mills 34111
— Paper Mills 34112
— Pulp and Paper

Industry 34111, 34112

I

Forest Industry 331111, 331191, 331192,

34111, 34112

Mechanical Wood Industry includes saw-
mills and planing mills as well as plywood
and particle board plants. Because of the
small number of observations wood-based
panel industries are not analysed separately.
Pulp Mills include the non-integrated and
integrated establishments manufacturing
mechanical, semi-chemical, sulfite and sulfa-
te pulp. Paper Mills include both paper and
board manufacturing. Pulp and Paper In-
dustry covers the two previous groups, and
Forest Industry pools the observations of
Mechanical Wood Industry and Pulp and
Paper Industry. The estimations were thus
carried out at three levels of grouping to
assess the impact of aggregation on results.

Since individual establishment data are
confidential in the Survey of Industrial Acti-
vity in Finland, the establishments were ar-
ranged into groups containing a minimum of
three observations. Each group was designed
to include as homogeneous establishments as
possible. Criteria used in this classification
were process and main product, plant size,
start-up year, degree and nature of integra-

tion, type of wood raw material, and geograp-
hical location. The aggregated data for each
group were divided by the respective number
of establishments to represent with a theoreti-
cal average establishment in each group.

The individual plants of an integrate are
reported separately in the Survey of Industri-
al Activity. If an integrate has a joint repair
and maintenance department serving several
production lines, it is classified as metal in-
dustries in the Finnish statistics. These metal
industry “establishments” were also identi-
fied and added to the data of the most impor-
tant individual establishment of the integrate
in terms of gross output.

The Survey of Industrial Activity does not
gather information on capacity. The capacity
data were obtained from the data bank of
Jaakko Poyry International Oy, Helsinki,
Finland.

After checking and test runs several obser-
vations were rejected. The final sample con-
sists of 29 observations in Sawmilling, 41 in
Mechanical Wood Industry, 14 in Pulp Mills,
12 in Paper Mills, 26 in Pulp and Paper
Industry, and 67 in Forest Industry.

The reliability of the data can duly be
questioned because of the errors contained in
the Survey of Industrial Activity and the
manipulations described above. Other possi-
bilities to obtain cross-section information on
the Finnish forest industries at reasonable
cost were not, however, available for this
study.

The data refer to the year 1974. The pulp
and paper industry was then operating in a
situation with no market limitations. It can
be assumed that in 1974 the industry was in a
position to realise its productivity potential
within the limitations of the available inputs.
The peak of the business cycle in the mecha-
nical wood industry was, however, already
reached in 1973. The production in 1974 was
at a somewhat lower level, and therefore the
results of the two main branches are not
strictly comparable. However, it can be assu-
med that by branches individual plants were
facing similar market situations.

After necessary transformations (Chapter
32.), geometric averages were calculated for
each variable. The observations were then
indexed and natural logarithms were taken
for model estimation. The original data are
given in Appendix 1.

32. Variables

A detailed discussion on the theoretical
and empirical difficulties in measuring output
and input variables in the Finnish forest in-
dustries has been presented elsewhere (Simu-
la 1979), and therefore only a brief explana-
tion on the variable measurement is given in
the following.

Earlier experience (Simula 1979, 137—142)
has indicated that the estimation of produc-
tion function and productivity models is par-
ticularly sensitive to the choice of output
variable. Therefore, several alternatives were
tested, of which the models with physical
output of the main products produced (Qg)’,
annual capacity of physical output (C), and
net output (Qy) are reported in the follow-
ing. Net output is value added minus purch-
ased industrial and other services and a
number of smaller cost items. This indicator
is particularly interesting for labour produc-
tivity measurement as the varying use of ex-
ternal services does not bias the results. Be-
cause of the ambiguities related to the establ-
ishment of transfer prices in integrated pulp
and paper mills the net output-based mea-
sures possibly include a measurement error,
particularly in Paper Mills. Furthermore, net
output measure is influenced by the geog-
raphical location of the establishment mainly
through transportation cost of raw materials
and outputs.

The output quality was measured by the
average output price of the main product (p),
the share of value added in the gross value of
output (q;), and the share of the sales value of
the main product(s) in the gross value of
output (qy). The quality variables tested de-
scribe somewhat different aspects. The price
variable is perhaps most directly related to
quality if comparisons are made within rela-
tively homogeneous product groups. The ob-

! Excluding by-products, saleable waste, residues, etc.
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servations are, however, biased by varying
transportation costs since prices are ex-mill.
q2 can be considered an indicator of speciali-
zation, while q; attempts to illustrate the
degree of conversion.

The rate of capacity utilisation (U) was
measured by the ratio of physical output
volume of the main product(s) to the respec-
tive physical production capacity. The poten-
tial role of U is important in the analysis. Ifit
is linked with productivity, it can be assumed
that the volume of capital and labour used is
planned according to a certain standard (full)
rate of capacity utilization. If there is no
correlation, the industry’s adjustment process
has been successful or the industry has oper-
ated at this standard rate.

The labour input variables were number of
employees (L) and number of employee
hours (Ly). The quality, mix, and related
aspects of labour input were measured in
terms of the share of salaried personnel in the
total number of employees (Ls), the percen-
tage of technical staff in the number of work-
ers (L), the share of the hours of production
workers in the total hours of all workers (Ly),
the average cost of employee hour or the sum
of salaries, wages and fringe benefits divided
by number of total hours (w), and the aver-
age hours per employee per annum (Ly). The
first three variables describe only certain as-
pects of quality, while w refers to the total
labour input. The share variables do not
necessarily reflect only quality, as they are
also influenced by e.g. the type of organiza-
tion. The variable w serves the employer’s
viewpoint of quality, which assumes that the
contribution to output of each input compo-
nent is related to its cost. Ly may be inter-
preted as an indicator of the intensity of
labour utilization but it is also influenced by
such factors as shut-downs, strikes, etc. Based
on correlation coefficients, Ls and Lt appear
to describe essentially the same quality aspect
in pulp and paper production, while in the
mechanical wood industries this relationship
is weaker. Labour input price generally corre-
lates positively with Lg and L. Ly has smal-
ler variance than Lg and Lt and it behaves
independently from them. Ly does not corre-
late systematically with the other variables of
labour quality.

The amount of capital (K) is measured as
the total replacement value of buildings,
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machinery, equipment, and related items.
The replacement value refers to the full fire
insurance value of capital goods owned by the
establishment at the end of the year, adjusted
by the owner’s risk. Rented capital goods are
excluded but their importance in the Finnish
forest industries is limited. The quality of
capital (K,) is conventionally measured as
the share of machinery and equipment in the
value of K. Two material input variables
were used, value of raw materials and sup-
plies purchased (M) and volume of wood raw
material used (My). The latter variable refers
to the primary wood processing industries
only and excludes all branch groups where
paper manufacturing is represented.

Several dummy variables were constructed
for individual branches to investigate possible
differences caused by process characteristics,
scale of production, degree of conversion and
integration. The process dummy (Dy;) dif-
ferentiates frame-saws from other sawing
methods in sawmilling; mechanical and semi-
chemical pulping, sulfite, and sulfate pulping
in pulp production; wood-containing printing
and writing paper, wood-free printing and
writing paper, unbleached and bleached kraft
pulp-based paper and board, and folding
boxboard and speciality papers in paper and
board production. The process dummy was
also defined for aggregated branches; in
Mechanical Wood Industry sawmilling and
wood-based panels are differentiated, and in
Pulp and Paper Industry pulp is differenti-
ated from paper production. The use of the
process dummy attemps to investigate the
homogeneity assumption over alternative
processes.

The scale dummy (Dy;) divides the obser-
vations in terms of annual production capaci-
ty, and it serves the testing of the hypothesis
of constant returns to scale in the existing
plants. The third group of dummy variables
(Dj;) refers to further conversion and integra-
tion. The sawmills with important further
conversion activities such as planing and pre-
fabricated house or joinery production are
differentiated from those primarily producing
rough sawnwood. In pulp industry the dum-
my separates non-integrated market pulp
mills from those integrated with paper pro-
duction. In paper production a difference is
made, whether the mill is integrated with
mechanical or chemical pulp production.

This group of dummy variables attempts to
investigate, whether the homogeneity of pro-
duction functions is subject to the degree of
conversion or integration benefits within an
individual branch.

A regional dummy variable would have
been interesting to investigate since many of
the value measures applied were biased by
transportation costs. This was not possible,
however, because the original pooled obser-
vations came from a minimum of three plants
often in distinctly different locations.

The value-based measures are likely to be
most affected by measurement errors, not
only because they are influenced by transpor-
tation costs but also as a result of the way
they are aggregated. The accuracy of data
may also be correlated with plant size, par-
ticularly in sawmills where small units may
have less detailed and accurate accounting
systems than large mills.

33. Estimation

Production functions and productivity
models could have been estimated using
least-squares regression analysis, maximum
likelihood estimation proper or Bayesian esti-
mation. Under certain assumptions the two
first methods are equal but because of its
theoretical basis maximum likelihood estima-
tion should be preferred. The unbiasedness,
effectiveness and consistency of least-squares
estimates are influenced by simultaneous re-
lationships between variables and measure-
ment errors in independent variables.

The wuse of the maximum likelihood
method is particularly suitable for estimating
overidentified models. Overidentification is
typical of the models estimated in this study.
When estimating the CES function based on
maximum likelihood the point distribution of
error terms, the non-linearities of production,
and marginal productivity conditions are ex-
plicity taken into account (Bodkin and Klein
1967). Probability function is based on the
production function and the variances and
covariances of stochastic terms. Iterations are
made using a priori initial values of parame-
ters, until the sum of squares of error terms
reaches minimum and the values of parame-
ters approach certain values. This procedure

is sensitive to the choice of initil values. In
spite of its theoretical appeal the method is
not applied here because of lengthy calcula-
tions.

In Bayesian estimations a priori restrictions
of the distribution of parameters and error
terms are necessary. Average production
function is estimated directly instead of best-
practice technology, and the assumption of
profit maximisation can be eliminated. In
this study sufficient information was not
available to make reasonable a priori assump-
tion on parameters and errors terms. The
Bayesian method is sensitive to the choice of
initial values, and therefore the method was
rejected here.

Single equation models were estimated us-
ing the ordinary least squares (OLS) method.
In spite of their deficiencies compared to
alternative methods the OLS calculations are
flexible and simple, still offering versatile pos-
sibilities for econometric analysis. The OLS
method is more robust against specification
errors than many of the simultaneous equa-
tion methods. The predictions from equations
estimated by OLS often compare favourably
with those obtained from equations estimated
by simultaneous equation methods (Maddala
1977, 231). Specification error due, in par-
ticular, to omitted variables is presumably a
dominant problem in this study.

With two or more cross-sections for the
same plants it may be possible to reduce the
effects of simultaneity by means of covariance
analysis (Mundlak 1961; Hoch 1962). The
error term of a production function has to
absorb differences in management and en-
vironmental factors between plants. It can,
therefore, be assumed that there is a correla-
tion between the error term and the inputs.
The OLS estimators are consequently subject
to a kind of simultaneous equation bias.
However, Ringstad (1971, 79) concludes that
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the covariance method, based on two or more
measurements of the same plants, is not very
robust against measurement errors. The
method is rejected here as only one measure-
ment was possible.

Multicollinearity is not usually as serious a
problem in cross section as in time series. Its
presence influences, however, the values of
parameter estimates, their standard devia-
tion, and thereby their statistical significance.
General conclusions on multicollinearity are
difficult to make as e.g. in CD functions good
estimation results have been reached in spite
of high correlation between explanatory vari-
ables (.8....9) when the multiple correla-
tion coefficient has been higher than .95
(Klein 1962, 101). In production functions it
is common to eliminate multicollinearity by
imposing restrictions on parameters. This
would, however, limit estimation to a certain
part of parameter space. Several suggestions
have been presented for these kind of model
modifications (e.g. Theil 1971, 154). There is,
however, no guarantee that they would im-
prove estimation results and therefore they
were not used in the study.

The goodness of fit was evaluated using the
adjusted multiple correlation coefficient (R?)
as a guide (Goldberger 1966, 217). Compared
to the nonadjusted multiple correlation coeffi-
cient (R?), R? is the lower the more variables
there are in the model.(R?) prefers models
which have smallest residual variance. With
low R? and few degrees of freedom R? can
obtain negative values, which are not, how-
ever, reported. Other criteria of model evalu-
ation include standard error of estimate, the
significance of parameter estimates as mea-
sured by the t-test, and F-test to measure the
overall significance of the regression equa-
tions.

The estimation of biases has been ex-
plained in Chapter 514.



4. MEASUREMENT OF PRODUCTIVITY

41. Indices and their Weighting Schemes

This chapter has three purposes, which are
to measure total factor productivity in a
cross-section; evaluate how the results differ
in two-factor and three-factor measurement;
and evaluate how the choice between value-
based and physical volume-based output
variables influences the measurement.

Total productivities have been calculated
using formulae (2.10), (2.12), (2.14), and
(2.15) as follows:

Y, - two-factor productivity measure, where physical
production volume (Qg) is used as output indi-
cator, number of employee hours (Ly) as labour
input, and the capital stock adjusted by the rate of
capacity utilization (Ky) as capital input;

Y, — two-factor productivity measure, where net output
(Qx) is used as output indicator and the input
variables are as in Y;

Y; — three-factor productivity measure where Qg is used
as output indicator, Ly as labour input, Ky as
capital input, and as materials input the volume of
the wood raw material used (My) in primary
wood-processing industries and the value of mate-
rials input (M) in Paper Mills, Pulp and Paper
Industry, and Forest Industry; and

Y, — three-factor productivity measure where gross val-
ue of output (Qg) is used as output measure and
other variables as in Y.

The observations were ranked by plant size
which was measured in terms of physical
production capacity. This was considered the
best available alternative there being no vin-
tage information on the machinery. Capacity
can be regarded as a better indicator of plant
size than such alternatives as number of em-
ployees or volume of output, which tend to
vary in the short run. The measurement of
output and input variables includes no quali-
ty changes. If quality is taken into account, it
can be assumed to eliminate a part of the
variation in total productivity.

The weights of the index formulae (2.10)
and (2.12) were calculated using formulae
(2.12) and (2.15), where t and t+1 refer to
successive observations in the order of plant
size. The role of weights in the total produc-
tivity indices is to aggregate the total factor
input. The weights reflect the contribution to
output of each input and therefore the chosen
production technology. The underlying as-
sumption is, in this case, that plant size is the
most important characteristic of technology
when analysing productivity variation be-
tween plants. The weights used partly reflect
changes in the structure of the markets (devi-
ation from perfect competition) and they are
influenced by technical change. The weights
derived from the annual value shares of in-
puts tend to vary extensively over time. In
cross section it can be assumed that the firms
are facing a largely identical situation in their
factor and product markets. If the cross sec-
tion represents a boom year as here (in the
pulp and paper industry), it is possible that
the residual-based factor share of capital in-
put exceeds or corresponds approximately to
its contribution to output.

Another possibility would have been to use
fixed average weights for all observations
within a branch. This was deemed unjustifi-
able because of the necessary assumtion of
constant returns to scale, which is unlikely to
be true in a cross section representing a very
long history of investments, up to more than
80 years in some cases in the pulp and paper
industry. Had vintage information been av-
ailable, it would have been possible to group
observations within a branch and to use fixed
weights for these groups.

In total productivity measurement the flow
of capital services would be preferred to that
of capital stock. In this study, it was not,
however, possible to calculate the service flow
of capital in a reasonable way with the avail-
able data which lacked information on e.g.
working capital. Based on the experiments
made with other kind of data on the Finnish
forest industries it can be assumed that the
two methods would have produced largely

similar results for the purposes of this study
(Suomen . . . 1979).

Index values of output and input variables
were used to calculate total productivity
changes over successive observations. The
changes were then chained and indexed using
the smallest plant as the base value. Only
three branches are reviewed, i.e. Sawmills,
Pulp Mills and Paper Mills, which represent
the least aggregated industries studied. The
results are presented in Chapter 42. and
Chapter 43. discusses the relationships be-
tween total and partial productivity mea-
sures.

42. Total Productivity by Branches

421. Sawmills

Alternative productivity indices produce a
relatively consistent picture of the variation
in total factor productivity in the sawmilling
industry (Fig. 4). The highest two-factor phy-
sical volume-based productivities were
reached by mills representing units where
vertical integration is extensive (observation
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11), and by medium to large-scale mills
which are horizontally integrated with a pulp
mill. The largest non-integrated mills did not
have as high a productivity as could have
been expected. In general, total productivity
appears to have a relatively narrow range, i.e.
from 0.4 to 1.9 times its initial level.

The net output two-factor measure (Y,)
moves generally to the same direction as Y.
Its values are, however, lower with a few
exceptions. The three-factor ratio based on
physical output (Y;) yields values for the
most part somewhat lower than Y, but higher
than Y,. It is clearly above the respective
two-factor ratio in the largest mills, which
could indicate that the size is more positively
related to materials productivity than to
labour or capital unit consumption.

A slightly upward trend can be identified
in Y4 up to the size class of 50 000 to 100 000
m®/a, but in the largest mills its value tends to
reduce. The standard deviations of the physi-
cal volume-based measures are larger than
those of the value-based indicators (Table 1).
The incorporation of the materials input in
the index reduces its variance and this can be
interpreted such that a part of two-factor
productivity variance may originate from the
use of materials input.

5 10

Number of
observation

15 20 25

Fig. 4. Total Factor Productivity Indicators in the Sawmilling Industry 1974.
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Table 1. Standard Deviation of Total Productivity In-

dices
Productivity Sawmills Pulp Mills Paper Mills
Index
Y, 318 591 488
Y, . .307 271 422
Y; .150 235 412
Y, 128 181 196
Number of
observations 29 14 12

The measurement results do not appear to
support the relevance of the effect of plant
size to total productivity in the Finnish saw-
milling industry. In particular, the low values
reached by the largest mills may be an indica-
tion of diseconomies of scale. It is possible
that when the capacity is extended well above
200 000 m*/a the use of production inputs
may as a whole, be less efficient than in the
best mills of size class 50 000 to 100 000 m*/a.
Integration may, however, bias these conclu-
sions, if the use of inputs is optimized at the
level of the whole complex. The result may
also be taken as an indication of the possible
existence of progressive technological steps in
sawmilling.

422. Pulp Mills

The year 1974 was a peak year for the pulp
industry and the capacity was practically ful-
ly utilised. Apparently all the mills were
operating in largely similar conditions. In
general, the total productivity indices for this
industry have a larger range than in the case
of Sawmills, i.e. from 0.5 to almost 3.0 times
the initial level.

The two-factor physical output-based mea-
sure (Y,) shows a very distinctive pattern
where the observations can be divided into
mills with high and low productivity (Fig. 5).
The first group consists of mechanical pulp
mills (observations 1 to 3 and 9 to 10) and the
latter one sulfite (4 to 8) and sulfate mills (11
to 14). The results for mechanical pulp mills
do not appear to support the hypothesis of
increasing productivity proportional to plant
size, nor is it evident for chemical pulping in
the existing mills when two-factor productivi-

ty is measured by physical output. It is pos-
ible that in this industry other factors, e.g. the
age of main machinery and equipment, have
more influence than plant size on total pro-
ductivity. Pulp industry is largely integrated
with paper production. Transfer prices have
been used in the valuation of output in inte-
grates. These prices may divert from market
prices, particularly in the production of
mechanical pulp and unbleached chemical
pulp, thereby influencing the results.

When productivity measurement is based
on three factors and physical output (Y3) its
variation is substantially reduced (Table 1)
but the two groups of plants remain distinc-
tive. The incorporation of the wood raw

5 10 Number of
observation

Fig. 5. Total Factor Productivity Indicators in the Pulp
Industry 1974.

material input introduces an upward trend
for productivity in each group. Unit wood
consumption in mechanical pulping is only
about half of that in chemical pulp produc-
tion, which influences productivity levels.
The slightly upward trend by groups can be
assumed to be a result of technical change, if
plant size correlates with vintage. This as-
sumption can, however, be only partly true in
the Finnish pulp industry.

The three-factor output value-productivity
(Yy) is distinctly different from the other indi-
cators. Process no longer has such an influ-
ence on productivity, as above. The upward
trend turns slightly downwards in the largest
mills. This is surprising as the result does not
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Fig. 6. Total Factor Productivity Indicators in the Paper
Industry 1974.
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reflect the impact of differences in unit wood
consumption, the most important individual
input factor. In the indicator Y, process
looses its importance when explaining the
differences in  productivity. Increasing
economies of scale can be assumed based on
the results but there is a possibility for dis-
economies of scale beyond a certain size in
the existing industry. This conclusion is not
necessarily valid for modern plants as some of
the largest mills in the data are relatively old.
Finally, in this case the measurement of Y,
may be interpreted as an indication of the
reasonably well chosen transfer prices, which
are usually derived from market prices.

The measurement of productivity variation
in the pulp industry casts doubts on the
infinite growth of economies of scale in pulp
production. Because of the calculation proce-
dure, some of the weights in productivity
indices may not necessarily be appropriate to
aggregate inputs in two successive plants ap-
plying different production process. The rob-
ustness of the result, particularly the level of
productivity measures in chemical pulp mills,
can be interpreted as an indication of the
independence of alternative indices from the
weights used.

423. Paper Mills

The two-factor physical volume-based pro-
ductivity measure (Y)) is relatively inconsis-
tent, which is presumably mainly due to
heterogeneous products by individual mills
(Fig. 6). Observations 1 and 6 represent
wood-free printing and writing paper, obser-
vations 2 and 7 mechanical pulp-based fold-
ing boxboard, observations 3 and 9 sack
kraft, observation 4 household and sanitary
tissue, observations 5 and 10 to 12 wood-
containing printing papers, and observation 8
solidboards made from kraft pulp.

Productivity is generally growing together
with plant size, but product mix blurs the
trend. Comparison within each product
group supports the assumption on size-pro-
ductivity relationship with the exception of
the very largest mills. The same holds true for
the physical output-based three-factor pro-
ductivity (Y3), although its growth tendency
is slower and variation much less extensive
than that of Y,. The productivity range in
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Paper Mills is almost as wide as in Pulp Mills
as the highest observation equals five times
the productivity level in the smallest mill.

The value-based measures behave some-
what differently from the physical output-
based indicators. In some cases, such as
household and sanitary tissue, low productiv-
ity measured in terms of physical output is
compensated for by high value-based produc-
tivity. On the other hand, high Y, and Y; in
large mills producing wood-containing pa-
pers is not followed by high values in Y, or
Y,

The two-factor Y, varies much more wide-
ly than the respective three-factor measure,
Y, although changes between successive ob-
servations are almost always to the same
direction. In Y, a systematic upward tenden-
cy can be seen in spite of the declining per-
formance of the largest mills. It is apparent
that any productivity analysis on paper pro-
duction should first separate the impact of
product mix before looking into plant size or
other factors. Y4 continues to have the smal-
lest standard deviation and this three-factor
output value-based measurement apparently
best evens out technological differences by
plants compared to the other indicators.

424. Conclusions

It is apparent that the measurement of total
productivity is very sensitive to the choice of
output and input variables. There is no best
way to measure total productivity as various
indicators yield different information. At the
process level total productivity measured in
terms of physical volume-based output can be
meaningfully analysed but, if a branch is
composed of heterogeneous processes, value-
based output indicators yield more meaning-
ful results. This conclusion diverts from the
general recommendation in literature that
physical volume measures should be prefer-
red in productivity analysis.

The ordering of observations by plant size
in terms of annual production capacity is not
necessarily the most meaningful way to ar-
range data in the branches studied. There is
least evidence in Sawmills, where the pro-
ducts are more homogeneous than in Pulp
and Paper Mills. It is possible that the
economies of scale in this industry do not

behave continuously but discreetly, presum-
ably in the same step-wise way as the unit
investment costs. On the other hand, it is
possible that the measurement result in Saw-
mills can partly be explained by less fixed
technology and greater management varia-
tion than in the pulp and paper industry. In
general, the assumption of increasing
economies of scale obtained support from
total productivity indicators. However, the
largest mills may not be the most efficient.

The productivity indicators which are me-
asured in terms of value-based output deserve
perhaps more scope for further analysis at
branch level than those derived from physical
output volumes. The greater instability of Y,
compared to Y4 may favour the latter because
of the residual nature of net output in Y,. In
general, Y, appears to be least influenced by
variation of technology.

The homogeneity of individual forest in-
dustry branches appears to be a doubtful
assumption when analysing the economic re-
lationships of production. More meaningful
results could be obtained from data grouped
by main processes. Product range and pro-
duction technology can embarrass the in-
terpretation of total productivity measure-
ment. Without additional data on e.g. vintage
structure, the results cast doubts on general
studies on the role of plant size in the
economic performance of the industry.

43. Comparison of Productivity and
Profitability Indicators

This chapter attempts to evaluate to what
extent partial and total productivity indi-
cators provide the same information on the
cross-section of the Finnish forest industries.
A comparison is also made between produc-
tivity and profitability, trying to verify the
meaningfulness of total productivity mea-
sures. The indicators included in the analysis
are labour productivity (net output per em-
ployee hour, Yy), capital productivity (net
output per the adjusted capital stock, Yk),
materials productivity (value of materials in-
put per gross value of production, Yy), two-
factor and three-factor output value-based
productivity (Y, and Y,), and gross margin of

sales (net output minus labour cost divided
by the gross value of production, r) as a
measure of profitability.

The comparison of alternative indicators is
made by means of Spearman’s correlation
coefficient r’ which tests rank orders of two
variables in a sample (branch). Spearman’s
coefficient was preferred to ordinary correla-
tion coefficient because the data were subject
to extreme observations and because we are
here more concerned about the rank order of
observations than the correlation between the
values of the variables tested. Spearman’s
coefficient “wastes” information if continuous
data are available but in this case, where
measurement errors may be important, its
use can be justified. The test values of Spear-
man’s coefficient are dependent on the
number of observations in the sample. In this
case they vary from low Z = .39 in Sawmills
to high Z = .59 in Paper Mills at the 5 per
cent significance level. The coefficients are
presented in Table 2.

The partial productivity indicators studied
describe apparently quite different aspects of
productivity and it would be wrong to replace
one of them by another. The r’s are low and
in none of the cases significant. Even their
signs are not consistent. Capital productivity
appears to be a relatively good proxy for total
productivity if measured by Y, as all the r’s
are significant. This relationship is strongest
in Sawmills which may be explained by the
larger relative variation of unit capital con-
sumption compared to the other branches
studied. In Pulp Mills labour productivity
also obtains a significant Spearman’s coeffi-
cient with Y,. The materials input is not
incorporated in the measurement of Yy,
which may explain why Yy produces quite
different information on the productivity
ranking of observations. Yy, which is mea-
sured as the inverse of productivity ratio,
appears to describe a particular aspect of
productivity as it obtains significant correla-
tion coefficients only with Yk. In spite of the
materials intensity of the forest industries
there is only a weak correlation between Yy
and the total productivity indicators. The
measurement of Yy may not have been suc-
cessful.

Chapter 42. already suggested that Y, and
Y, provide somewhat different information
on total productivity. Their r’ further con-
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Table 2. Spearman’s Correlation Coefficients for Produc-
tivity and Profitability Indicators

Yo Yk Ym Y: Y

Sawmills
Yx -.248
n=29 Yy -355 -290
ZV =37 Y, .053 918 -411

Y, 595 305 —.170  .541

r .046 .768 -.461 822 335
Pulp Mills

Yx .380
n=14 Yy -235 213
Z=5 Y, 569 644 279

Y, 547 244 178 240

r 763 341 -490 .798 .376
Paper Mills

Yx .545

n=12 Yy 434 -.049
Z=159 Y, 336 748 -.462

Y, 643 636 .280 .552
r 434 .706  -.399 937 .552
Dz=F =pval (Koutsoyiannis 1978, 96-97)

O

firms this conclusion as only in Sawmills does
the correlation coefficient obtain a significant,
even though relatively low value.

The profitability indicator correlates
strongly with the two-factor productivity me-
asure Y, which indicates that they produce
largely similar information on the ranking of
plants. Profitable plants have also good two-
factor profitability. Y, does not obtain a sig-
nificant coefficient in this comparison, and
therefore it apparently describes other as-
pects of plant efficiency than does the other
two. The reason may lie in the measurement
of materials input in Yy. If measures could be
found which could better describe the pure
volume aspect of materials input, it is pos-
sible that the resulting productivity indicator
would match more closely to the ranking by
Y, or gross margin. It is interesting to note
that profitability and capital productivity
have significant Spearman’s coefficients in
Sawmills and Paper Mills, while in Pulp
Mills significance is obtained for labour pro-
ductivity. Capital productivity appears to be
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a powerful indicator incorporating much of
the variation in profitability and total pro-
ductivity.

It is concluded that the indicators com-
pared in this chapter produce information on
the different aspects of efficiency and there-
fore the use of all of them is justified. The
meaningfulness of total productivity indicator

Y, can be verified by its correspondence with
the chosen profitability indicator, while Y,
should at least have a better measurement
basis before similar conclusion can be
reached. As there are a wealth of possible
profitability indicators which could be used
in the comparison, quite different results
could be expected if they were used.

5. CROSS-SECTION ESTIMATION RESULTS

51. Production Functions

This chapter presents the estimation re-
sults of average neoclassical production func-
tions in the Finnish forest industries based on
the cross-section observations in 1974. Both
individual branch data and pooled data by
branch groups are used. In the analysis, al-
ternative variable measurement is first re-
viewed in the CD environment. The proper-
ties of the average CD function are then
evaluated and assumptions on the elasticity
of substitution are gradually relaxed when
less restrictive functions are estimated. Final-
ly, biases and their consequences are evalu-
ated. The significance of the parameter esti-
mates is discussed at the five per cent risk
level.

511. CD Function

Chapter 42. demonstrated the importance
of the choice of output (and input) variables
for productivity measurement. Table 3 indi-

cates how estimation of the CD function is
influenced when the capacity levels and the
actual values of the variables are used, and
when alternative output measures are tried.

Estimation appears to be relatively insensi-
tive to the choice between the capacity-based
variables and their actual volume-based con-
terparts (functions 1 and 2 in Table 3). The
rate of capacity utilization does not appear to
affect conclusions significantly, as illustrated
by the following; in general, the sings of the
parameters are similar, and differences in the
corrected multiple correlation coefficient (R?)
are relatively small. The conclusions are
more valid for the pulp and paper industries
than for the mechanical wood industries.

In the mechanical wood industries, the
goodness of fit of the two-factor CD model
improves when physical production volume
measures, rather than capacity measures, are
used as output indicators.

In the pulp and paper industries capaci-
ty is better explained by L and K than
physical output. In the capacity-based mod-
els the explanatory variables are the number

Table 3. Output and Factor Measurement in Two-factor CD-environment

by by R F
Branch
1 2 3 1 2 3 1 2 3 1 R 3
Sawmills 9469 8579 9545 1215 1965 .1886 9302 9610 .9696 187.62°** 346.12*** 430.69***
(.2284) (.1455) (.1371) (.1431) (.0888) (.0837)
Mechanical Wood .0382 -.5915 6694 .5205 9604 .3595 5145 5539 .9427 2301 3583007 ; 37 S]ee
Industry (.3654) (.3465) (-1179) (.2307) (.2207) (.0751)
Pulp Mills 4420 .3576 .7032 2063 12462 .2985 6645 6256 .8996 13.87***  11.86** 33.27%¢+
(.5339) (.5973) (.4308) (.3833) (4444) (.3205)
Paper Mills -.6425 -.2988 4787 1.6927 1.3171 4180 7895 .6309 .5229 21.63***  10.40** 5.88*
(.3715) (.4508) (.3946) (.3118) (.3899) (.3412)
Pulp and Paper -.3058 -.1574 6290 8112 6817 .3307 6337 6005 .8311 22.62°%% _ 19.29%%  50.40%%¢
Industry (:3717) (.3751) (.3038) (.2787) (.2926) (.2371)
Forest Industry 2341 -.0912 3944 .3506 .5269 5034 6034 5141 .9200 5).220%% 3591t S$74.09%%
(.2171) (.2485) (.1176) (.1215) (.1487) (.0698)
Functions:
i InC =a+b;InL + byln Ky
2. In Qp = a+b; In Ly + by In Ky

3 InQx = a+b;In Ly + by In Ky
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of employees and the weighted replacement
value of machinery, equipment and struc-
tures. In the physical output-based models
total employee-hours and the weighted re-
placement value of the capital stock adjusted
to capacity utilization ratio have been used as
input indicators. It is more flexible to adjust
labour for different output levels in the
mechanical wood industries than in the pulp
and paper production where the rules of vac-
ancy requirements and labour pools are more
strict. The labour turnover statistics also sup-
port this conclusion. The average annual
rates of quits have been 32.1 per cent in
mechanical wood industries and 22.2 per cent
in pulp and paper industries during
1975—1979 (Suomen . . . 1979).

The two branch groups were undergoing
somewhat different stages of the business cy-
cle in 1974. The pulp and paper industries
were operating at a very high rate of capacity
utilization, while the production of sawnwood
and wood-based panels had already passed
the peak of the cycle. The more capital-inten-
sive pulp and paper industries may plan the
use of their resources more in relation to the
capacity level of output than the anticipated
production while in the mechanical wood
industries it is less indispensable to reach the
full utilization of the capacity thus allowing
more flexibility in input adjustment. This can
be seen in the goodness of fit of the model
which is better in the mechanical wood indus-
tries when actual output-based variables are
used, while in pulp and paper production
capacity-based models perform better.

Capacity can be defined with less ambigui-
ty in pulp and paper mills than in sawnwood
or wood-based panel production. In particu-
lar, the capacity of sawmilling industry is
difficult to define (Rinkinen 1966) and a part
of the data used here is obviously erroneous.
In the pulp and paper industry, which is
typically working continuously in three shifts,
the difficulties to define the capacity output
are mainly related to the constancy of pro-
duct mix over time and the standards of
various technical efficiencies. It should, how-
ever, be noted that the differences in the
explanatory capacity between the models
with and without utilization rate are not sub-
stantial with the exception of Paper Mills,
where R? was reduced from .79 with capacity
measures to .63 when actual physical output

was used. Fersund and Hjalmarsson (1979,
83) also found that in the Swedish particle
board industry adjustments for capacity utili-
zation had very little impact on the obtained
values of the marginal elasticities and scale
parameters.

The estimation results of the net output-
based model (function 3 in Table 3) are
distinctive from those discussed above. The
signs of parameter estimates behave now ac-
cording to hypotheses, and apart from one
branch (Paper Mills) multiple correlation
coefficient improves. In general, an output
variable based on value added-type measures
appears to yield better results in the two-
factor CD models than do physical volume-
based indicators. The rate of capacity utiliza-
tion should be adjusted in input measure-
ment.

In the physical output measures quality is
disregarded. This is justified when outputs
are relatively homogeneous over establish-
ments. In forest industries, the production of
main pulp grades or sawmilling could
perhaps be considered sufficiently homogene-
ous in this respect. However, the technical
concepts of mills can vary even in these
branches to such an extent that it makes
physical volume-based measures uninterest-
ing in this kind of comparison. The variation
may be due to process characteristics and
horizontal or vertical integration. The esti-
mation results above support this assump-
tion.

The rate of returns can be estimated from
the labour productivity formulation of the
CD function (formula 2.3). The results
(Table 4) would indicate approximately con-
stant returns to scale in Mechanical Wood
Industry and Pulp Mills but the scale coeffi-
cient is not significant. This is presumably
more plausible in pulp production than in the
pooled observations of sawmilling and wood-
based panels production. Sawmilling is the
only branch of forest industry where increas-
ing returns can be identified (b, > 1 in func-
tion 1 Table 4.) Paper Mills appear to have
the lowest and decreasing returns to scale but
the coefficient is not significant. The largest
mills in this branch produce such bulk grades
as newsprint and other wood-containing pap-
ers, kraft linerboard, sack kraft, etc., while
the smaller units concentrate on wood-free
printings and writings, household and sanit-

ary tissue and specialities. This may partly
explain, why value added-type output mea-
sure can yield decreasing returns to scale in a
cross-section over these relatively heterogene-
ous main products. The decreasing returns to
scale in the Forest Industry, even though not
significant, may be partly due to the composi-
tion of the sample. In this pooled branch the
small and medium-sized production units are
mostly sawmills and wood-based panel
plants, while the larger mills belong to the
pulp and paper industry. The result would,
however, support the earlier conclusion that
the rate of returns is higher in the mechanical
wood industries than in the pulp and paper
production.

In Table 4 the parameter estimate of capi-
tal input is less disturbed by multicollinearity
than in Table 3 but its value does not corres-
pond well to the calculated shares of capital
(last column in Table 4). The latter indicator
is influenced by the exceptionally good finan-
cial results in 1974 and it may, therefore,
exaggerate the long-term level of capital’s
income share in the Finnish forest industries.
The parameter estimate of capital input is
significant at the five per cent level in Saw-
mills, Mechanical Wood Industry and Forest
Industry and its magnitude generally
changes in accordance with the hypotheses,
i.e. higher capital intensity yields higher pa-
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rameter estimates. In these three branches
the fit of the cross-section model is relatively
good, the model explaining 47 to 57 per cent
of the labour productivity variation when
measured by R? and the F-value is significant
at the 0.1 per cent level. The results of the
three branches of the pulp and paper produc-
tion are quite different. Neither the parame-
ter estimate of capital input nor the scale
coefficient nor the F-value is significant. The
multiple correlation coefficients in the pulp
and paper industries remained marginal, in-
dicating that hardly any of the variation in
labour productivity across plants has been
explained. Although the variance of labour
productivity is smaller than that of output,
the CD function explains proportionally less
of this variance than of the respective output
variance (cf. Table 3).

Griliches and Ringstad (1974, 64) and Bos-
worth (1976, 103—104) found the same re-
duction in the multiple correlation coefficient
when the CD function (2.2) was transformed
into (2.3). Only if a good fit is obtained for all
alternative formulations, can the model be
said to have a high explanatory power. In this
study, we are more concerned about produc-
tivity variation than about the explanation of
output variation, and therefore improvement
of the labour-productivity formulation of the
CD function is important here. This form has

Table 4. Estimation of CD and CES Production Functions

b, by bs R? F Capital’s in-
Branch 1
1 2 1 2 2 1 2 1 2 come share !
Sawmills .1886 .1998 1431 1379 -0196 5682 5523 19.43%%%  9.3g°** 6599
(.0853)  (.0962) (.0640)  (.0680) (.0725)
Mechanical Wood 3595 3606 0290 0284 -.0031 4719 4577 18.87°%%  12.25%** 6577
Industry (.0761)  (.0821) (.0582)  (.0610) (.0795)
Pulp Mills 12985 13561 0017 -.0037 1539 . . 79 51 7314
(.3348) (.3934) (.1473) (.1547) (.4384)
Paper Mills 4181 4158 -1032  -.1092 4712 e o 83 53 8985
(.3597)  (.3791) (.2670)  (.2820)  (1.4536)
Pulp and Paper .3307 3674 -0404  -0276 2363 L2 L 99 75 8414
Industry (:2422)  (.2541) (.1093)  (.1131) (4143)
Forest Industry 5034 5079 -1022  -.0994 0322 4938 4875 33.19%* 2198 8045
(.0703)  (.0714) (.0587)  (.0594) (.0688)

Functions:
1. In Yy, = a+b; In K/Ly + by In Ly
2 In Yy, = a+b; In K/Ly + by In Ly + b3 [In (K/L9))?

" (Qx - W) / Qx, where Qx is net output and W total labour cost

2 Not reported because R? was so low that R? became negative
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the advantage that it avoids the tendency of
purely scale effects (i.e. large industries tend
to employ large amounts of capital and
labour) swamping effects of variations in
labour and capital on the output of industries
of a given size (Bosworth 1976, 104).

All the CD models above and the CES
models presented in the following chapter
have been estimated with a constant term. Its
values have not, however, been reported be-
cause they are almost invariably insignific-
ant. This may be interpreted as the non-
existence of an autonomous trend factor re-
lated to plant size which would be important
for analysing labour productivity variation.

512. CES Function

It is possible that the poor results of the
pulp and paper industries are due to a too
restrictive production function. The estima-
tion results of the Kmenta CES production
function (formula 2.6) are not, however, bet-
ter than those of the CD model (function 2 in
Table 4). In none of the branches studied was
the parameter estimate of the square term
significant and they would therefore hardly
yield reasonable estimates of elasticity of sub-
stitution. The results do not necessarily indi-

cate the failure of the CES function in the
Finnish forest industries but it is possible that
the samples, perhaps with the exception of
Sawmills, were not large enough and did not
have sufficient variation in capital and labour
inputs to allow b; to be estimated with the
necessary precision.

The magnitude of elasticity of substitution
(0) can be evaluated by various approaches.
Interpretation of the elasticity of substitution
in an average production function is vague
and therefore only the marginal productivity
relation of labour or the ACMS relation
(function 2.5) is estimated here to assess the
possible magnitude of o (Table 5). When
labour productivity is explained by the aver-
age wage rate (including fringe benefits) the
fit of the model is better in the mechanical
wood industries (R* > .43) than in the pulp
and paper industries (R? < .25). The same
kind of difference in fit was already found in
the CD functions. The estimated o has rela-
tively high values ranging from low 1.85 to
1.86 in Sawmills and Mechanical Wood In-
dustry to high 2.86 in Pulp and Paper Indus-
try. The value of elasticity of substitution
appears to correlate positively with capital
intensity. The result supports the assumption
that growing capital intensity makes it more
and more difficult to substitute capital for
labour.

Table 5. Estimation of ACMS Relation and VES Function

b, R?
Branch : > !
1 2 3 2 3 1 2 3 1 2 3
Sawmills 1.8543 .8335 1.0947 1401 .2066 5526 .5857 .6125 35.57%¢  20.79%¢* 21.79***
(.3109) (.6474) (.4711) (.0788) (.1011)
Mechanical Wood 1.8621 .8320 8545 1749 .2805 4355 .5308 .5440 31.85%**  23.62%**  23.74%°*
Industry (.3299) (.4577) (.4442) (.0586) (.0921)
Pulp Mills 2.2682 1.5376 2.5588 .1808 3577 2406 3317 4701 5.11* 4.23* 5.74*
(1.0025)  (1.0426) (.8471) (.1114) (.1569)
Paper Mills 2.6326 5112 -.8871 .2855 .8830 0490 .2336 .4048 1.57 2.68 3.82
(2.1032)  (2.2102) (2.2003) (.1546) (.3807)
Pulp and Paper 2.8581 1.7596 2.5658 1944 .3024 2397 3347 .3365 8.88°* 7.29** 8.55%¢
Industry (.9591)  (1.0380) (.9095) (.0924) (.1616)
Forest Industry 1.9715 9957 1.6022 .2256 .0828 4654 5724 4719 58.46%**  45.16°**  29.53%°*
(.2578) (.3292) (.4864) (.0543) (.0928)
Functions:

1 InY, =a+b Inw
2. InYy=a+bjlnw+byInC
3 In Y, = a+b; Inw + by In K/L;

Apart from Paper Mills the wage rate’s
parameter estimates are significant. It should
be noted that both the dependent variable
and the explanatory variable include some
quality variation of output and labour input.
The wage rate refers to average total labour
input. In the Finnish forest industries wage
levels are agreed through national collective
bargaining, which may then be adjusted to
local conditions in negotiations at individual
mills. The observed differences in w include
both this variation and the effect of different
compositions of labour input influencing the
average cost of employee hour. The estima-
tion result could, however, support the as-
sumption that the prevailing wage rate varia-
tion may be a significant factor for explaining
labour productivity differences in spite of its
partly institutional nature. More interesting
results could possibly be obtained if the esti-
mation were carried out over countries or a
large number of branches to allow a wider
variation of wage rate.

The estimation results of the ACMS rela-
tion do not support the assumption that elas-
ticity of substitution equals one. Its non-
constancy has been tested by two VES func-
tions where either plant capacity (C) or the
K/L ratio have been added to the marginal
productivity equation (functions 2 and 3 in
Table 5). Because of multicollinearity w’s
parameter estimates are now less often sig-
nificant. With one exception, a better fit of
the model is obtained by the K/L ratio-based
VES version but differences compared to the
capacity version are not very important. The
branches of the mechanical wood industries
continue to enjoy higher multiple correlation
coefficients and more significant F-values
than the pulp and paper industries. The re-
sults support the assumption on non-constant
elasticity of substitution in the average pro-
duction function for the Finnish forest indus-
tries but they remain inconclusive.

Additional tests about the form of the pro-
duction function were carried out by estimat-
ing the translog production function or a
general second order polynomial (formula
2.8) which does not include constant elas-
ticities or assume homotheticity. In general,
the translog function did not represent any
improvement compared to the Kmenta form.
The hypothesis of non-homotheticity cannot
be rejected in this analysis.
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513. Dummy Variables

Until now the assumption on constant elas-
ticity of substitution has referred to the entire
branches or branch groups. Were larger sam-
ples available, estimations could have been
carried out by process, plant size and integra-
tion groups within individual branches. As
this was not possible the non-constancy of the
elasticity of scale was further investigated
through the introduction to the CES form of
dummy variables describing the plants’
characteristics related to process, size and
integration. The estimation results of the en-
larged ACMS relation are presented in Table
6 which reports the parameter estimates of
dummy variables when added to the function
one at a time. All of these regressions give
essentially the same estimates of 0 (w’s coeffi-
cient) and are not, therefore, reported here.

In Sawmills, none of the dummies’ para-
meter estimates are significant. This can be
interpreted such that neither the main pro-
cess (Dy, or frame sawing compared to other
methods) nor further conversion (Dj;) are
sources of non-homotheticity in the existing
industry. In Finnish sawmills in 1974, with
few exceptions, further conversion had li-
mited importance compared to the produc-
tion of rough sawnwood and therefore it may
not sufficiently reflect in the overall input-
output relationship. Were secondary convert-
ing operations important, the result might
have indicated greater significance of Dj,’s
parameter estimate. The role of plant size
(Dg) is not clear because in spite of the
insignificance of the parameter estimates
their values indicate that production condi-
tions may change essentially between the
largest sawmills (more than 100 000 m® per
year) and the others. When the size dummies
were tried in the CD environment, this
phenomena was confirmed by significant pa-
rameter estimates for Dys. The dummy vari-
ables do not contribute essentially to the fit of
the ACMS relation in the sawmilling in-
dustry.

The results for Pulp Mills would indicate
that mechanical and sulfite pulp mills do not
obtain a significant parameter estimate for
the process dummy (Dy;). The sulfate pulp
plants appear to have clearly different pro-
duction relationships from the others, which
may not only reflect different process rela-
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Table 6. Dummies in ACMS Relation

R2
Dummy variable Sawmills Pulp Mills Paper Mills Sawmills Pulp Mills Paper Mills
Dy, -.0326 -.1760 .2542 .5363 .2338 .0390
(.1405) (.1861) (.2686)
Dy, s -.1752 .5561 .2435 .3548
(.1713) (.2321)
Dis - 3361 —6286 4284 6450
(1511) (.1490)
Dy, -.0346 .2263 -.8152 5364 .2169 4516
(.1412) (.2835) (.2823)
Dy, -.0769 -.3381 .0618 5446 4565 o)
(.1057) (.1408) (.2671)
Dy -.0055 .2890 3584 5354 .3572 1305
(.0932) (.1620) (.2574)
Dy, 1733 .5636
(.1336)
Dy, .0500 .2150 -.0136 5410 .2488 —-.0563
(.0886) (.2021) (.2545)

! Not reported because R? was so low that R? became negative

tionships but also different vintage structure.
When D); was tried in the CD environment
the results were otherwise similar but D3 did
not obtain a significant parameter estimate.
In 1974 most of the sulfite mills were relative-
ly old compared to sulfate mills. The age
structure hidden in the process variable may
be the plausible explanation for the estima-
tion results obtained in the ACMS relation.
The only significant parameter estimate for
size dummies (Dy;) in Pulp Mills is obtained
for plants with a capacity of 50 001 to 150 000
tons per year. In addition, the signs of the size
dummy parameters support the assumption
of non-homotheticity as regards plant size in
the pulp industry. The dummy variable dif-
ferentiating integrated and market pulp mills
(Ds;) did not obtain a significant parameter
estimate. It has, however, been demonstrated
by Eklund and Kirjasniemi (1969) that integ-
ration benefits are important in the pulp in-
dustry. The estimation result may be partly
explained by the fact that many integrated
mills also have pulp drying machines since
they sell part of their produce as market pulp.
On the other hand, the internal methods and
principles of recording costs and revenues in

integrates vary and this may disturb the re-
sults.

In Paper Mills it is apparent that the pro-
duct range as illustrated by the main product
(Dy;), is a significant factor determining the
rate of returns. Important improvement in
the goodness of fit of the model is obtained
when D), and D)3 are added to the ACMS
relation. Also the plant size (Dy;) appears to
be a source of non-homotheticity, particularly
with regard to the smallest mills (capacity
50 000 tons per year or less) compared to
the rest of the industry. The main integrated
furnish component is not a significant factor,
if measured in terms of the dummy variable
used (Dg,).

It can be concluded that both the pulp and
paper industries appear to be composed of so
heterogeneous groups of plants that the prop-
erties of their (average) production function
do not meet the assumption of constant re-
turns to scale and sources of non-homothetic-
ity may be process or product range, plant
size, or integration. Similar results were ob-
tained when the dummy variables were tried
in the CD environment, which indicates rob-
ustness of the estimation results. If the as-

sumption of constant returns to scale is im-
plied by the production function under study
the analysis has to be carried out at a more
disaggregated rather than branch level.

514. Bias

There are a number of possible reasons
why the fit of the production functions pre-
sented in this chapter remains low in many
cases. The error term may be due to different
vintages, variations in factor prices, and diffe-
rent expectations about future factor price
ratios. Furthermore, because of different pro-
duct specifications, chosen technology and
other similar reasons there are variations in
capital-labour ratios, scale, etc. within indi-
vidual industries (cf. Griliches-Ringstad
1971, 15). These sources of bias are due to the
simultaneity problem, because random
changes in output may be related to changes
in labour and materials inputs or even in
capital input. The estimations were made for
average production functions which, by de-
finition, are fictious (Chapter 212.) and there-
fore a priori erroneous for individual produc-
tion units. Finally, based on a number of field
checkings it is reasonable to assume that
there may be important measurement errors
in the Finnish industrial statistics, particular-
ly with regard to the capital measure applied.

Griliches and Ringstad (1971, 92—103)
have derived the explicit formulae for biases
due to simultaneity, measurement errors, and
quality and price differences. These formulae
are used as the basis in the following. The
effect of quality and price is not investigated
here because the industries studied are nar-
rowly defined. The starting point is the sim-
ple simultaneous equation model

(5.1) mQ=alnL+PfmnK+u

(52) In (%) = olln Wik v

where Q refers to output, L to labour input,
K to capital input, w to real wage rate and u
and v are error terms. The model is composed
of the CD function (5.1) and the ACMS
relation (5.2). Intercept terms are omitted as
all the variables are measured as deviations
from their means. Constant returns to scale
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(h = 0) and parameters equal to the observed
factor shares are assumed. First, it is ex-
amined whether simultaneity could have
been the reason for the observed economies of
scale. The bias of economies of scale can be
written

(5.3) bias h, = [- d, +d, wa] R,

where d, is h estimated by formula (2.3), dy is
the estimated o from formula (2.5), b,k is the
regression coefficient of the wage rate on the
capital measure, and

2

u

R= o
o + o @ (l—rix)+03

where r? is the regression coefficient between
wage rate and cagital, o2 is the variance of
wage rate, and 0y is derived from function
(5.2). 02 estimated from formula (5.1) would
be biased and therefore it is calculated as

l-a
1+a

0, = [czm-ﬁ%%(—u?o{—ZuBCovanlnL]

where r’k is the regression coefficient between
variables. Because the estimation results of
formula (5.1) did not yield constant returns
to scale (Table 5.2) factor shares are calcu-
lated and used instead of the estimated factor
elasticities & and p. Labour’s income share is

~ ., 1ln-l
(54) s, = exp (w o “T of,),

where W is the observed share of labour cost
in the value of output. The income share of
capital sk equals 1 — sy.

It can be assumed that among the vari-
ables used, capital input is subject to the
largest measurement errors. The possible
bias in the rate of returns estimate originating
from random errors in the capital measure,
can be written

(5.5) bias hoy = A s bx—'“_rl—
1-rxo,L

where A is the fraction of error variance in the
total measure of the observed capital mea-
sure, bk is the regression coefficient of capi-
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tal measure on labour input, and r’k/, 1 is
correlation coefficient between the capital-
labour ratio and labour input. In this case it
was crudely assumed that half of the variance
of the K/L ratio was due to measurement
errors.

Another way to estimate the bias in the
economies of scale parameter at a given A is

(5.6) bias hy = (sg — by) (bgr - 1)

where b, again refers to function (2.3).

The estimated bias in the economies of
scale parameter has been reported in Table 7.
In general, the bias is negative indicating that
the rate of returns could be higher than esti-
mated. Apart from the heterogeneous Paper
Mills, increasing returns could be assumed
for all the branches studied. The bias appears
to be most important in Pulp Mills which
would have the highest rate of returns in the
forest industries if the bias h, estimates are
accepted. The estimated bias originating
from the measurement of capital is also nega-
tive except in one case. hy and hy yield
relatively similar results except in the pooled
Forest Industry. Their size is relatively small
except in Sawmills and Forest Industry. The
result is plausible as the sawmilling industry
is characterized by a large number of inde-
pendent small and medium-sized companies
which have the least developed recording sys-
tems for such inputs as capital.

The least squares bias of the CD and CES
production functions was evaluated by es-
timating reversed regressions, i.e. using
labour or capital variables as the variables to
be explained (cf. Korpelainen 1967, 74-77).
The equations were then solved for output
variables. The reversed CD function yielded
relatively inconsistent parameter estimates
compared to the non-reversed function.
Based on the results it appears that the mea-
surement error may be more serious in labour
input than in the capital variable, particular-
ly in the pulp and paper branches. The
reason for this error may be partly due to the
treatment of joint maintenance and other de-
partments in integrated pulp and paper mills.
Estimation of the reversed ACMS relation
indicated that the original estimates of elas-
ticity of substitution appear to be influenced
by least squares bias.

Table 7. Bias in Economies of Scale

Branches Y bias by bias by bias hy
Sawmills 1431 —.0767 —.1558 —.1418
Mechanical

Wood Industry 0290 —.1212 —.0804 —.0445
Pulp Mills .0017 =.5007 -.0441 -.0376
Paper Mills —.1032  .0083 -—.0383 -.0796
Pulp and Paper

Industry —.0404 -.1972 -.0323 -.0527
Forest

Industry —.1022 -.2054 -.1426 .0074

! Source: Table 4.

It can be concluded that the production
function estimations presented in Chapters
511. to 513. may be subject to various sources
of bias, the most frequent being simultaneity
and measurement errors in variables. The
effect of bias has presumably been the under-
estimation of the economies of scale parame-
ters. The bias may be of such magnitude that
it influences the conclusions drawn from the
estimation results. There are also other pos-
sibilities to investigate bias, such as compar-
ing the estimation results of partial samples,
but the methods chosen were deemed most
convenient and applicable for this study.

52. Productivity Models

In this chapter an attempt is made to
explain the productivity variation in the
Finnish forest industries in 1974. Single equa-
tion models derived from the formula (2.16)
are estimated for factor productivities and
total productivity. The models presented in
this chapter have been chosen from a large
number of estimations made with different
variable combinations. Preference has been
given to models which, in all the branches
studied, tend to give significant parameter
estimates, which have the smallest error vari-
ances, and which give a good fit. As these
criteria tend to be contradictory and indi-
vidual branches may vyield different kinds of
results, it is evident that the choice of models
has been a compromise.

The correlation coefficients of the main
explanatory variables used in the estimation
of productivity models are presented in Ap-
pendix 2 for the evaluation of multicollineari-
ty. Productivity models are estimated without
a constant term because, in general, it did not
reach significant values in production func-
tions. Furthermore, all variables were mea-
sured around their geometric means.

521. Labour Productivity

Many of the production functions discus-
sed in Chapter 51. rendered information on
factors influencing labour productivity. Some
complementary estimations are presented in
Table 8. Within the available variable data
the most important explanatory factors for
labour productivity variation are capital-
labour ratio and plant size. Because K/L and
C are correlated, their exact importance is
difficult to establish. It is, however, apparent
that high labour productivity tends to prevail
in large plants which also use a lot of capital
per labour input. The K/L ratio used in the
labour productivity models (K/L,) is not ad-
justed for capacity utilization with regard to
capital input. The choice between the unad-
justed and adjusted ratio was made on the

Table 8. Labour Productivity Model
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basis of their explanatory capacity in the
model. The partly rigid nature of labour in-
put also supports the choice.

In the mechanical wood industries the pa-
rameter estimates of the K/L ratio, which can
be interpreted as elasticities, range from .20
to .24 and those of plant size from .14 to .18.
A certain increase in labour productivity
would, in relative terms, need a larger in-
crease in capital-labour ratio compared to
plant size. Though lacking conclusive evi-
dence, this relationship may be stronger in
the pulp and paper production than in the
mechanical wood industries.

The output quality variable q; obt?,ined a
positive parameter estimate in Sawmills and
Mechanical Wood Industry. High labour
productivity appears therefore to be related
to the high degree of conversion. In the pulp
and paper branches the coefficient was not
significant which may be due to the fact that
in different branches the variable describes
product quality from different viewpoints.
Transfer pricing of pulp in integrated pulp
and paper plants may explain why the para-
meter did not obtain significant values in
Pulp Mills and Pulp and Paper Industry. In
these two branches the model was expanded
to include labour price and quality variables,
i.e. average salary and wage rate (w) and the

Branch by by by by R? F

Sawmills" .2081 1432 6921 7673 47.16***
(.0768) (.0435) (.1684)

Mechanical Wood 2379 .1803 .3849 6525 38.56%**

Industry" (.0685) (.0434) (.2005)

Pulp Mills? 5664 .1009 2.7604 -.2527 .6338 8.50**
(.2335) (.1454) (1.0030) (.0931)

Paper Mills” 5617 —.6398 —.4437 7418 16.80%**
(.2039) (.2382) (.1726)

Pulp and Paper 2517 .2050 1.8761 —.2280 4356 7.43%*

Industry? (.2206) (.1244) (.9973) (.1042)

Forest 1204 .2406 —.5885 6377 59.09***

Industry" (.0545) (.0473) (.1491)

Functions:

DinY,=b InK/L +byInC+bslngq
2 InYy=b InK/L +byInC+bglnw+bylnLs
3 In Yy, = by In K/L; + byInqy + by In Dy
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share of salaried personnel in the total labour
input (Lg). As a result the standard error of
the model was reduced, particularly in Pulp
Mills, and the two additional explanatory
variables proved to be significant. The sign of
the labour unit price parameter continues to
be positive (cf. Table 5) supporting the as-
sumpion that high salary and wage rates are
related to high labour productivity. The pa-
rameter estimate of Lg is significantly nega-
tive implying that several organization levels
and extensive staff functions do not necessari-
ly improve overall labour productivity. The
conclusion refers here only to Pulp Mills and
Pulp and Paper Industry, but similar evi-
dence was also obtained for those branches
where Lg had sufficient variation to be sig-
nificant.

In Paper Mills, plant size was replaced by
the size dummy Dy, and the output quality
variable q, was used instead of q;. The result-
ing model has a good explanatory capacity in
spite of the relatively small number of obser-
vations (12); it does not suffer from serious
multicollinearity; and all its parameter esti-
mates are significant. Variable q; is an im-
portant contributor to labour productivity
variation in Paper Mills, while in the other
industries it fails to be significant.

The models tried explained relatively well
the variation in labour productivity between

Table 9. Capital Productivity Model

branches. Mechanical wood industries and
pulp and paper industries have somewhat
different characteristics in this respect and
therefore require different explanatory vari-
ables. Because of the role of plant size and
capital-labour ratio, it appears that invest-
ment decisions have defined to a large extent
the obtainable range of labour productivity.
The results indicate indirectly that the latter
variable tends to increase more rapidly than
the former in relative terms.

522. Capital Productivity

The simple model with K/L, C, and q; as
dependent variables, used for explaining
labour productivity variation in the mechani-
cal wood industries, also performed well for
capital productivity (Table 9). To improve fit
of the model both capital productivity and
capital-labour ratio were measured adjusted
to the capacity utilization ratio. In general,
the higher the capital productivity, the less
capital employed per labour input. The para-
meter estimate of K/L is always negative and
significant in all branches but one (Paper
Mills). Elasticity between the capital-labour
ratio and capital productivity varies within
the range —0.78 ... —1.01, the mechanical
wood industries occupying the lower end and

Branch by by by R? F

Sawmills —.8349 1604 6645 9139 149.70%**
(.0567) (.0371) (.1655)

Mechanical Wood —.7781 1752 4941 .7989 80.48%**

Industry (.0707) (.0469) (.2034)

Pulp Mills —1.0086 .2563 —.0573 .4857 7.13**
(.3156) (.1524) (.2824)

Paper Mills" —.1101 .0895 —1.2457 .6856 12.99***
(.3068) (.1107) (.3871)

Pulp and Paper —-.9924 .2693 =.3513 5165 14:35%*

Industry (.2134) (.0975) (.2144)

Forest —.8060 .2058 —.5603 .7618 106.53***

Industry (.0614) (.0475) (.1445)

Function: In Y = by In K/Ly + by InC + b 3 In q
! qy replaced by q;

the pulp and paper branches the higher end.
Paper Mills are an exception because q; was
used instead of q;, and if the model had been
estimated with q; the parameter estimate of
K/L; would have been —.79 in this branch.
The significance of the capital-labour ratio to
capital productivity, may imply that it can be
used as a planning criterion also at micro-
level supporting decisions about e.g. plant
size. On the other hand, in the above analysis
the K/L ratio is likely to be affected more by
vintage than plant size, at least in pulp and
paper production, which may signify limita-
tions in the interpretation of results.

On the other hand, large mills tend to yield
high capital productivity but the relationship
is weaker than that for the K/L ratio. C
obtains a significant parameter estimate in all
branches excluding Pulp Mills and Paper
Mills. The significant elasticities vary from
low .16 . . . .18 in the mechanical wood indus-
tries branches to high .27 in Pulp and Paper
Industry, where the size effect on capital
productivity appears to be more important.
The correlation coefficient between K/L, and
C is not very high, and the range is narrow
from low .46 in Paper Mills to high .63 in
Pulp Mills (Appendix 2). The conflicting in-
fluence of plant size and capital-labour ratio
on capital productivity is of particular inter-
est, as capital is typically seen to be the
scarcest resource, which should be used most
efficiently. If, as it was concluded above, K/L
ratio tends to increase more rapidly than C in
the existing industry, there is apparently an
optimum plant size, not necessarily the
largest possible one, which yields the highest
capital productivity. This size could be found
by an additional study, but for planning pur-
poses we would need ex ante information on
these relationships between blueprint tech-
nologies.

Output quality q; obtains significant para-
meter estimates in all branches except Pulp
Mills and Pulp and Paper Industry. Com-
parison with the model where only K/L; and
C were independent variables revealed that
q)’s contribution to the explanation of capital
productivity variation is marginal. In the
mechanical wood industries branches a high
share of value added is positively correlated
with capital productivity but in pulp and
paper production the relationship is negative.
In Paper Mills q, was again replaced by qa.
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In fact, in this branch qj is the key variable
which appears to explain significantly both
labour and capital productivity; the higher
the degree of ”specialization”, the higher the
productivity. The same significance for q,
was not obtained in the other industries. The
quality of capital input as measured by the
share of machinery and equipment in the
total fixed capital may not have sufficient
variation to contribute to capital productivity
as it did not obtain significant parameter
estimates in the model. The same may hold
even more true with the price of capital input,
which, however, was impossible to include at
a meaningful level in this study. Other efforts
to improve capital productivity models were
not successful.

523. Materials Productivity

Materials productivity was measured here
as the cost share of materials input in the
gross value of output (Yy) or the inverse of
productivity ratio. The best results were
reached by a model which included the
labour-materials ratio (L/M), plant size (C)
and output quality (q,) as explanatory vari-
ables (Table 10). In general, the model per-
formed relatively well in terms of the adjusted
multiple correlation coefficient (R? > .50)
with the exception of Pulp Mills and Pulp
and Paper Industry.

The labour-materials ratio obtains a sig-
nificant negative parameter estimate over the
whole sample. The greater amount of labour
used per unit of materials input, the lower is
the share of materials cost in gross value of
output which can be interpreted to indicate
possible limited substitution between labour
and materials. The value of the elasticity
coefficient is lower in pulp and paper produc-
tion (.—15... —.25) than in the mechanical
wood industries (.—29 ... —.53). The result
is plausible as the latter branches are more
labour intensive than the former.

In the mechanical wood industries and
Forest Industry larger plants tend to have
slightly lower materials-output ratios than
smaller ones, as the parameter estimate of C
is negative. Large sawmills tend to have
sophisticated production planning systems
for the purpose of maximizing the efficiency
of utilization of available sawlogs, while
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Table 10. Materials Productivity Model

Branch by by by R? F

Sawmills —.2884 —.0358 .6969 5455 17.8] %%+
(.0769) (.0154) (.4263)

Mechanical Wood —.5306 —.0848 1.6647 .7028 48.28%**

Industry (.0554) (.0218) (.4810)

Pulp Mills —.2536 —.0389 2329 4437 6.18*
(.0912) (.0445) (.2970)

Paper Mills =, 1517 .0448 2191 .6239 10.12**
(.0633) (.0341) (.0861)

Pulp and Paper —.2232 —.0329 2165 .3733 8.45%*

Industry (.0608) (.0318) (.1182)

Forest —.3420 —.0760 1933 .5040 34.54%*=

Industry (.0425) (.0201) (.1376)

Function: In Yy = by In L/M + by In C + by In g

medium-sized and small units are less auto-
mated and therefore do not perhaps reach
high materials productivity. The evidence in
pulp and paper production is inconclusive,
perhaps reflecting less dependence between
plant size and materials productivity than in
the mechanical wood industries. Output
quality is significant only in Mechanical
Wood Industry and Paper Mills. Only in the
latter branch does it contribute essentially to
the explanation of materials productivity
variation based on comparison with the same
model without q,. The specialization vari-
able gave, however, better results than q
which was generally used in the other pro-
ductivity models.

Additional estimations were carried out by
models with a physical volume-based mea-
sure as materials productivity indicator and
average annual wood cost as input price indi-
cator. These trials were not, however, suc-
cessful perhaps because of the apparently
large measurement error in wood consump-
tion and cost variables. The analysis of mate-
rials input here remained limited but its
further study could produce interesting re-
sults, were better and more comprehensive
information available. Engineering data ac-
cording to main processes, end products and
plant size categories would possibly be neces-
sary to enable meaningful analysis of mate-
rials productivity in forest industries.

524. Total Factor Productivity

Two total productivity measures calcu-
lated in Chapter 4 were selected for model
estimation i.e. the two-factor net output-
based Y, and the three-factor gross output-
based Y,. Total productivity indicators can
be interpreted as residuals of an implicit pro-
duction function (Chapter 22.) and, there-
fore, somewhat lower demands may be
placed on estimation results here compared
to those for the partial productivity measures
discussed in Chapters 521. to 523.

The variation of the two-factor Y, was best
explained by a model with plant size, capital-
labour ratio and output quality q;, (q; in
Paper Mills) as explanatory variables (Table
11). The adjusted multiple correlation coeffi-
cient varied from .35 to .77 with the exception
of Pulp Mills where the model only marginal-
ly accounted for productivity variation. In
this branch the measurement error in value
added may reflect unproportionally in the
residual Y, High two-factor productivity is
generally attained in large plants. The sig-
nificant elasticity coefficient of plant size
ranges from .12 to .26. The reliance of total
productivity on plant size appears to increase
with growing capital intensity. On the other
hand, mills using small amounts of capital
per labour input also tend to have high total
productivity as the significant parameter esti-

mates of the K/L ratio are negative. Again, it
appears that the contributing role of K/L
ratio in total productivity variation increases
with growing capital intensity. The elas-
ticities are systematically higher than those of
plant size, as it was found in capital produc-
tivity models.

High degree of conversion has a positive
effect on two-factor total productivity though
this result is inconclusive in the Mechanical
Wood Industry. Comparison with the models
using only two of the three independent vari-
ables showed that product quality and plant
size are more related to total productivity in
pulp and paper production, while in the
mechanical wood industries the capital-out-
put ratio has a stronger role in the model. In
Paper Mills the specialization variable q, was
used instead of q, and therefore different
results were obtained.

When the same model was tested for the
three-factor productivity measure Yy, the re-
sults were more consistent (Table 12). The
parameter estimate of plant size was signific-

Table 11. Two-factor Total Productivity Model
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ant in all branches. Its low values (.10...
.11) were reached in the mechanical wood
industries and its high levels (.21 ... .25) in
pulp and paper production, suggesting that
the earlier conclusions on plant size and total
productivity are valid also for the three-factor
measure. The elasticities are in the same
range as for the two-factor indicators.

Capital-labour ratio obtains consistently
negative parameter estimates but, apparently
because materials input is included in the
productivity measure, these estimates are no
more significant except in two branches
(Sawmills, Pulp and Paper Industry). The
coefficient of output quality (q;) is positive
but it is significant only in two branches
(Mechanical Wood Industry and Pulp and
Paper Industry), both of which include
pooled observations.

Additional tests were carried out to im-
prove the goodness of fit of the total produc-
tivity models, but no general conclusions
were made thereof.

Branch b, by bs R? F

Sawmills 1541 —.4435 .7790 7718 48.35%**
(.0350) (.0535) (.1561)

Mechanical Wood .1805 —.3902 3729 4681 18.60***

Industry (.0452) (.0681) (.1960)

Pulp Mills 1195 —.3246 .2995 i) .96
(.1363) (.2821) (.2525)

Paper Mills? —.0308 1243 —1.4896 6749 12.42%*
(.1120) (.3104) (.3917)

Pulp and Paper .2625 —.5391 6392 .3592 8.01**

Industry (.0940) (.2059) (.2068)

Forest .1805 -.2799 4425 .3478 18.60%**

Industry (.0457) (.0591) (.1390)

Function: In Y = b; InC + by In K/L; + b3lngq,
1) Not reported as R? was so low that R? became negative
2 qy replaced by q2
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Table 12. Three-factor Total Productivity Model

Branch by by b R? F

Sawmills 1144 —.1331 1264 4954 14.74%**
(.0216) (.0331) (.0965)

Mechanical Wood .0995 —.0763 .3239 .2005 6.02%*

Industry (.0337) (.0508) (.1463)

Pulp Mills .2091 —.1124 .0507 4747 6.87**
(.0660) (.1366) (.1222)

Paper Mills 2371 —.1867 2749 .5829 8.68**
(.0604) (.1293) (.2485)

Pulp and Paper .2508 -.1797 .3082 .6798 27.54%%+

Industry (.0389) (.0852) (.0856)

Forest 1461 —.0152 .1402 .4086 23.80***

Industry (.0274) (.0355) (.0835)

Function: In Y4 = b In C + by In K/L; + bs In q;

6. COMPARISON OF CROSS-SECTION AND TIME-SERIES
MODELS

61. Scope and Limitations

In this chapter an attempt is made to
compare the estimation results of the cross-
section models to those of the time-series
models estimated for the Finnish forest indus-
tries (1954—1974) by Simula (1979). Because
of the somewhat different branch classifica-
tion these comparisons are only possible for
four industries, viz. Sawmills, Pulp Mills,
Paper Mills, and Pulp and Paper Industry.

The two studies relied on the same source
of data, but there are some differences in
variable measurement, and these may influ-
ence the interpretation of comparisons. The
measurement decisions in both cases were
based on estimation trials which gave diffe-
rent conclusions in the two samples. The
cross-section capital input covered the whole
fixed capital stock and it was adjusted to
capacity utilization, while the time-series me-
asure was limited to machinery and equip-

Table 13. Elasticity of Scale in Time- Series and Cross-
Section CD Models

Elasticity of Scale' R?
Branch Time- Cross- Time- Cross-
Series Section Series Section

Two-factor CD Model

Sawmills 1.3192  1.1431 5797 9684
Pulp Mills 1.6511 1.0017 7997 8094
Paper Mills 2.1521  .8968 9770 4699
Pulp and Paper

Industry 2.4286  .9596 9340 .5929
Three-factor CD Model

Sawmills 1.1702 9621 .8769  .9873
Pulp Mills 1.1865  .7616 .9900  .9321
Paper Mills 1.6254 1.0629 9934 8560
Pulp and Paper

Industry 1.3690 1.5341 9857 8240

¥ b; in functions:
InQ = a+b; In L+ byIn K, and
InQ=a+b InL+byinK+bslnM

ment and no adjustments were made. In the
cross-section measurement of labour input
(employee hours), joint maintenance and
other service departments in the integrated
production units were taken into account,
while in the time-series data this was not
possible. It had to be assumed here that the
measurement error caused by joint depart-
ments remained constant over time in relative
terms. Finally, the output measures were dif-
ferent as in this study the calculations were
based on net output and in the earlier study
physical measures were used. The time-series
data were collected at branch level, while the
cross-section observations were obtained
from individual plants. Pooled estimation
was therefore not meaningful. In spite of the
somewhat different interpretation of time-
series and cross-section estimations their
comparison could be of interest.

62. Production Functions

The time-series estimates of elasticity of
scale are in general higher than those derived
from the cross-section models (Table 13).
The differences are particularly important in
the pulp and paper branches and less pro-
nounced in sawmills. The physical output-
based two-factor model produced increasing
rate of returns for all the four branches in the
time-series data, while the net output-based
cross-section data produced either decreasing
or constant returns in pulp and paper pro-
duction. If the estimation of bias in the latter
models are taken into account (Chapter 514.)
the differences are reduced, particularly in
Sawmills and Pulp Mills, and increasing rate
of returns is obtained for all branches except
Paper Mills.

When the estimation was carried out for
models with three factors of production, the
time-series estimates for elasticity of scale
were substantially reduced. The same effect
was observed in the cross-section models for
Sawmills and Pulp Mills, while in Paper
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Mills and Pulp and Paper Industry the effect
was opposite. The cross-section results were
again lower than the time-series estimates
except in Pulp and Paper Industry. This time
Sawmills and Pulp Mills obtained decreasing
returns. The incorporation of materials input
in the CD models changes the interpretation
of elasticity of scale estimates. Unfortunatly it
is not possible to make definite conclusions on
their magnitude since the effect of bias is not
known.

In general, the time-series models have a
better goodness of fit except for Sawmills and
in the two-factor model for Pulp Mills. The
largest differences are observed in the two-
factor models of Paper Mills and Pulp and
Paper Industry. The adjusted multiple corre-
lation coefficients of the cross-section models
are not, however, very robust vis-a-vis the
formulation of the model which can be seen if
the results are compared to the values in
Table 4. The time-series estimations were not
sensitive in this respect.

It is difficult to conclude what the rate of
returns in the Finnish forest industries is in
terms of “average” conditions, because the
time-series results refer to an industry aver-
age over a certain period and the cross-sec-
tion estimations to an industry average at a
certain point of time as reflected in the exist-
ing capital stock. The time-series estimates
above include those plants which were shut
down during the period 1954 to 1973 and
therefore did not exist in the 1974 capital
stock. The estimation results indicate that
different estimates for the rate of returns can
be obtained depending on how the variables
have been measured, particularly those of
input. The time-series results may be realistic
in engineering terms, i.e. there may be
strongly increasing returns in the pulp and
paper production when output is measured in
tonnes. This technical relationship may not
hold in pulp and paper production if the
production function is measured in terms of
net output instead of physical volumes. Final-
ly, it should be noted that the time-series
estimates represent short run and the cross-
section results long run. Sawmilling appears
to have increasing rate of returns in the two-
factor environment but the evidence on pulp
and paper production, regardless of the
method of measurement, is not conclusive.

When the relevance of the CD function was

tested by the Kmenta approximation, the
parameter estimate by of the square term in
formula (2.6) was not significantly different
from zero in the cross-section models perhaps
indicating that the CD form could be ac-
cepted. In the time-series estimations it ob-
tained a significant value in Paper Mills and
Pulp and Paper Industry. The standard devi-
ations of the capital-labour ratio in the cross-
section data in these two branches are smaller
than in the other industries and perhaps in-
sufficient to yield proper estimates for bs. The
evidence on the relevance of the CD function
remains therefore inconclusive.

The Kmenta function can also be used for
obtaining information on capital’s income
share. Table 14 reports parameter estimates
for b, in formula (2.6) together with the
calculated average share of capital (the share
of value added minus labour costs in value
added). The time-series results refer here to
twenty-one-year average and the cross-sec-
tion results are for the branch average in
1974, when the capacities of forest industries
were nearly fully utilized except in sawmill-
ing. In general, the Kmenta approximations
and the calculated average do not appear to
produce similar estimates but they reflect
differences in capital intensities between
branches except the time-series Kmenta pa-
rameters. The cross-section Kmenta esti-
mates could perhaps be considered the most
plausible set of capital elasticity. The age
structure of the capital stock may partly ex-
plain why the capital elasticity in Paper Mills

Table 14. Time-Series and Cross-Section Estimates of
Capital’s Income Share

B Kmenta') Average calculated

ranch Time-  Cross- Time?  Crossy

Series  Section Series  Section
Sawmills 6264 .1998 3343 .6599
Pulp Mills 7384 .3561 5313 7314
Paper Mills 2979 4158 .5200 .8985
Pulp and Paper
Industry 4450 .5079 e 8414
" by in function: In Y, = a+bj In (K/L) + by In L + by [In(K/L))?
2 Qu-wL
Qv

9 Table 4

Table 15. Cross-Section and Time-Series Estimates of
Elasticity of Substitution")

Elasticity of Substitution R?

— Time-  Cross- Time-  Cross-

Series Section Series Section
Sawmills 1.0071 1.8543 .8438  .5526
Pulp Mills 1.6642 2.2682 8911 .2403
Paper Mills 1.2826 2.6326 9303  .0490
Pulp and Paper
Industry 1.3323 2.8581 8942 .2397

! Estimated from the ACMS relation

is higher than in Pulp Mills, even if in new
mills this relationship is generally reversed.
The cross-section models produced sub-
stantially higher estimates for elasticity of
substitution (0) than those derived from time-
series models (Table 15). If 0 > 1, production
factors technically resemble each other, and if
0 < 1, there are limited possibilities to substi-
tute one for another. The result is plausible if
time-series estimates are interpreted as short-
run relationships and the cross-section results
reflect the long-term situation. With the ex-
ception of Sawmills the goodness of fit was
poor in the cross-section models even though
the parameter estimates are significant in all
branches but Paper Mills. The very high
cross-section estimates for o in the pulp and
paper branches cannot, however, be accepted
because in these industries technology is
more rigid than in mechanical wood proces-
sing and in particular sawmilling. Therefore,
for the Finnish forest industries it appears
that the ACMS relation referring to average
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production function does not yield plausible
estimates of elasticity of substitution with
time-series nor cross-section data.

The ACMS relationship was also esti-
mated with the capacity variable to test the
constancy of elasticity of substitution (Table
16). The goodness of fit improved and the
elasticity estimates reduced in all cases. In
the time-series models all the parameter esti-
mates were significant, while the cross-sec-
tion models failed in this respect (except by in
Pulp and Paper Industry). The evidence on
the constancy of substitution elasticity in an
average production function remains, there-
fore, inconclusive, even though there are
strong reasons to believe that it is variable
over a longer period of time and over the
observed size classes. Because there is an
upward trend in labour productivity and in
wage rates in the time-series observations, the
ACMS model produces good statistical re-
sults. As the variation of wage rates by plants
is limited by nation-wide collective bargain-
ing, only a small part of labour productivity
can be explained by the expanded ACMS
model in the cross-section data. Only in Saw-
mills were wage rate and plant size highly
correlated, while in the pulp and paper
branches the results are not seriously subject
to multicollinearity.

63. Productivity Models

The time-series productivity models were
estimated only for total productivity. The
comparison of the estimation results is not,

Table 16. Times-Series and Cross-Section VES Production Function"

Times-Series Cross-Section R?

Branch Time- Cross-

by by by by Series Section
Sawmills .6016 114 .8335 .1401 .8873 5857
Pulp Mills .8531 .1823 1.5376 .1808 9578 3317
Paper Mills 7412 1259 5112 .2855 .9837 .2336
Pulp and Paper
Industry 6703 1557 1.7596 1944 9660 3347

YiInY,=a+bnw+bInC
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however, meaningful because their interpre-
tation would be quite different. Total produc-
tivity over time can be taken as an estimate of
time-related technical change while variation
in cross-section productivity reflects differ-
ences in unit input consumptions by plants. If
data had been available on the vintage of
individual units, some meaningful compari-
sons could have been tried.

From the time-series models it was con-
cluded that the output volume was the most
important underlying factor for explaining
changes in total productivity, which em-
phasizes the short-term nature of the depen-
dent variable. Some improvement in the

model’s properties was gained in a few
branches when average plant size and the
variable describing business cycles were ad-
ded. Models were estimated as first-order
differences, which eliminated the high corre-
lation between output volume and plant size.
This study confirmed and expanded the ear-
lier evidence on the role of plant size as the
underlying factor in total productivity. Fur-
thermore, capital-output ratio and output
quality were found, in general, to be signific-
ant in explaining productivity variation.
These two variables did not, in general, ob-
tain significant parameter estimates in the
time-series models.

7. DISCUSSION

71. Productivity Indices

The development strategy of the Finnish
forest industries emphasizes intensive rather
than extensive growth. As the removals cor-
respond approximately to the production po-
tential of the country’s forests, this strategy is
likely to become more pronounced in the
future. It is unlikely that many new impor-
tant mill sites will be established. The main
emphasis will remain in the development and
reconstruction of those existing production
units which have the prospects for survival in
the long run. In this situation there is a need
for indicators which measure how efficiently
the real available resources have been utilized
at branch, company, plant or more detailed
levels of measurement. This measurement
should be sufficiently comprehensive to per-
mit conclusions to be drawn on productivity
change and variation with regard to individu-
al production factors and total factor input.

One of the central problems of this study
was to find suitable measures for productivi-
ty. When physical output and input data are
available traditional volume-based produc-
tivity indicators can be calculated, if quality
can be ignored. These kinds of partial indi-
cators may relate to such inputs as labour,
wood raw material, chemicals, energy, etc. if
necessary conversion factors are known. Be-
cause of the heterogeneity of production fac-
tors meaningful aggregation is, however, dif-
ficult. The problem is further aggravated in
the aggregation of total input. Furthermore,
the measurement of capital input and other
factors for which physical volume data are
not available (e.g. maintenance materials, ex-
ternal services, and various fixed inputs), re-
quires other approaches.

The aggregation schedule proposed in
Chapter 22. appears to have a number of
important statistical properties which would
allow it to be considered superior to many
alternative indices suggested in the literature.
An appropriate weighting scheme remains to
be selected. In a time series, periodically
changing weights may describe the underly-
ing technological relationships, thus ade-

quately relieving the often uneasy assumption
of constant returns to scale. In a cross-sec-
tion, changing weights by pairs of observa-
tion, as used in this study, can be justified
because they allow flexibility in technology
between successive observations. Alternative
schemes can, however, be applied if necessary
information on production relationships is
available to justify them.

In spite of its ambiguous definition, total
productivity is a complex indicator which
may be difficult to interprete. In time series it
can be considered a measure of technical
change but in cross section it refers to produc-
tivity differences by plants. The treatment of
quality effects the interpretation of productiv-
ity change, i.e. total productivity may or may
not include changes in output and input qual-
ity. For practical purposes, e.g. in measure-
ment at plant or firm level, it is suggested that
quality be included. This would allow, for
instance, an increase in the degree of conver-
sion with unchanged inputs reflecting in an
increase in productivity. Quality is inter-
preted here as the mix of heterogeneous in-
puts and outputs. It has proved difficult to
find more suitable weights for output and
input components than those derived from
unit prices, which assumes quality is reflected
in price. Unit input coefficients are, however,
recommended for weights in partial produc-
tivity indicators.

The suggested formulation of the produc-
tivity index is convenient as it does not neces-
sarily incorportate neoclassical assumptions.
The underlying production function was de-
rived from the translog production function.
The chosen flexible formulation can be consi-
dered a reasonable way to aggregate outputs
and inputs. In fact, this is the main purpose
of the underlying production function. If it
can be shown that the production relation-
ships can be formulated corresponding to e.g.
the CD or CES conditions then another ag-
gregating scheme is preferable. As we are
usually dealing with average production
functions in this kind of measurement, stric-
ter functional formulations than those used in
Chapter 22. are not likely to be clearly jus-
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tified in spite of possible empirical evidence.
This is because of the ambiguities related to
the interpretation of the production function
itself.

The chosen total productivity index ap-
pears theoretically justified and suitable for
research purposes but, in practical applica-
tions at firm and plant level, the extensive
calculations may not be possible. If the
number of components in the index series is
‘limited, only small if not neglible improve-
ments in accuracy may be gained compared
to simple schemes, such as Laspeyres,
Paasche or Edgeworth. The more disaggre-
gated data available on outputs and inputs,
the more important is the choice of index
formula.

In this study total productivity could have
been measured using average unit prices as
weights over the whole cross-section sample.
Earlier studies on the Finnish forest indus-
tries have, however, shown that there are
large variations in unit prices by plants,
creating problems in the interpretation of
results (Suomen . .. 1979). The use of aver-
age price weights would naturally mean a less
ambitious index scheme thereby reducing the
theoretical value of the results. On the other
hand, the decision on ordering of observa-
tions in a cross section would be avoided, a
problem which has apparently disturbed the
interpretation of the results in this study.

The cross-section data used in the study
were arranged according to mill size. The
measurement results indicated that the very
largest units do not necessarily yield the high-
est productivity, which may suggest dis-
economies of scale after a certain plant size in
the existing mills. In sawmilling, the size-
related growth trend of total productivity
cannot be identified and this may be due to
the “bias” by integration and the degree of
further conversion. In the pulp industry the
plants divided into two groups according to
main process. Each group contained size-
related growth in total productivity. In paper
mills plant size appears to be also related to
total productivity, except in the very largest

-mills. The cross-section observations include
the effects of both technological development,
the nature of which (neutrality) can vary, and
age (vintage). An analysis of productivity
differences should aim at the identification of
these effects before analysing other perhaps

less fundamental factors, such as input and
output quality.

In productivity analysis the main attention
has traditionally been paid to labour produc-
tivity but in capital and materials intensive
branches, such as forest industries, the use of
capital and materials together with energy
and other inputs should also be analysed.
During the last few decades the importance of
physical work in labour input has drastically
reduced in forest industries. The role of
labour in the production process has
changed; work intensity is still important in
many operations but much more vital is how
man regulates the utilization of raw mate-
rials, machinery and equipment, etc. Partial
labour productivity indicators therefore often
yield very limited information on the
rationale of labour input use in the produc-
tion process.

There are several alternative methods for
measuring partial and total productivity, de-
pending on the selected output and input
variables which should be chosen according
to the intended use of information. The valid-
ity of the productivity indicators studied was
evaluated by comparing them to a profitabili-
ty indicator. As could be anticipated total
productivity appeared to describe quite
another aspect of the industry’s efficiency
than did profitability. There are, however,
several alternative measures of profitability
and therefore definite conclusions are difficult
to make.

The measurement of capital and other in-
puts on which volume data are not available
can be made by deflating value data. The
reliability of input measurement depends, of
course, on what extent the price index chosen
describes the price change of the respective
input. Capital input can be measured in
terms of capital flow or stock. Both of them
require information on the development of
purchase prices of the capital goods since the
date of acquisition. Furthermore, the calcula-
tion of capital flow and net capital stock
needs information or assumptions on service
lives, depreciation and retirement functions.
In spite of somewhat more complex calcula-
tions capital flow measures should be prefer-
red in total productivity calculations as they
allow the direct calculation of the contribu-
tion of capital input to output.

Production factors are variable, semi-fixed

or fixed in the short run. If actual output
levels are used in measurement, productivity
change of semi-fixed and fixed inputs tends to
be large in branches with extensive cyclical
fluctuations, such as forest industries. It is
therefore suggested that productivity of these
inputs be measured using both actual and
capacity output and the results analysed to
determine the effect of capacity utilization
ratio on productivity. If quality is included in
measurement, utilization correction can be
made to the factor input to arrive at the
capacity-based productivity indicator. The
choice of productivity indicator is always a
compromise where sacrifices and benefits
need be evaluated carefully. The objectives of
the desired information and the available da-
ta should be the principal criteria when mak-
ing these decisions.

72. Production Models

The other central problem of this study
was to find out factors which would explain
productivity variation by plants in the Finn-
ish forest industries. Firstly, a series of pro-
duction functions were estimated to establish
the main characteristics of production rela-
tionships by branches, primarily in terms of
rate of returns and elasticity of substitution.
Secondly, models were built for explaining
partial and total productivity, and thirdly
and finally, the cross-section results were
compared to earlier time-series studies.

Like in many other productivity studies the
weakest aspect of the present study possibly
lies in the deficiences of data. Because of
reasons of confidentiality, observations on in-
dividual plants were not available and the
grouping of original data into three-plant av-
erages was necessary. Furthermore, there
were reasons to assume that the source data
contained serious measurement errors, par-
ticularly with regard to physical volume
-based indicators. Another problem related to
data is the impact of integration on measure-
ment. Integrated production units are fre-
quent in pulp and paper production and also
common in the mechanical wood industries.
The data of the study failed largely to mea-
sure the degree of horizontal and vertical
integration as it was only possible to obtain
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data on dummy variables. Integrated pro-
duction units apply transfer pricing and
therefore certain outputs, which are inter-
mediate products or by-products for some
industries and materials inputs for some
others, were not necessarily valued at market
prices. This problem could have been elimi-
nated, had observations been available on
integrated units as a whole. The data col-
lected and compiled in the Industrial Statis-
tics of the Central Statistical Office in Fin-
land are not very applicable for the analysis of
production relationships in the forest indus-
tries. In particular, the present treatment of
integrated production units and joint depart-
ments creates insurmountable problems.

The main characteristics of production re-
lationships were evaluated on the basis of
average production functions. The interpre-
tation of such functions is vague as they
describe production technology in some sort
of average conditions in the existing industry.
Information on average production functions
have limited value for planning purposes be-
cause blueprint and average technology are
not necessarily correlated. Nevertheless, av-
erage production functions are easy to calcu-
late and as they often behave well they have
been extensively used in empirical applica-
tions of production theory. They were also
used in this study but an attempt was made
to interprete the estimation results with ap-
propriate reservations. A number of factors
create non-optimum decision-making in the
Finnish forest industries and there was no
prior guarantee that frontier production func-
tions would have resulted in meaningful esti-
mations with the available data.

The estimated production functions were
derived using traditional theory in order to
enable the identification of parameter esti-
mates. At the same time the scope of hypoth-
eses was narrowed, which may have affected
the CES function in particular. On the other
hand, additional hypotheses would possibly
have been difficult to verify because of the
data limitations. The CD function was used
primarily to test the rate of returns and the
CES functions to obtain information on the
nature of elasticity of substitution. More gen-
eral forms are also available. They may yield
better fit than restricted functions, as used in
this study, but their results are more difficult
and ambiguous to interprete. The CD and
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CES formulations were deemed sufficient to
test the nature of the selected key aspects of
production.

Traditional production theory appears to
describe reasonably well the production rela-
tionships in the Finnish forest industries, de-
pending on how the output and input vari-
ables have been measured. The underlying
neoclassical hypotheses cannot, however, be
assumed valid with the possible exception of
sawmilling, which adds to the limitations of
the model interpretation. Furthermore, it is
implied that the imperfections of the markets
influence estimations equally in individual
branches.

The level of aggregation and thereby the
homogeneity of production technologies ap-
pear to be related to the applicability of the
neoclassical production function. The higher
the level of aggregation, the more justified
assumptions may be made on the nature of
markets or production technology. The in-
terpretation of results becomes difficult since
e.g. economies of scale at aggregate level may
conceal diseconomies of scale at process level.
Decision-making based on information on
production characteristics in such branches
as “forest industry”, “mechanical wood in-
dustry”, or even “pulp and paper industry”
may therefore be seriously limited.

The estimation results of the CD functions
would suggest partly increasing and higher
rate of returns in the mechanical wood indus-
tries than in pulp and paper production.
High capital intensity in the latter may not be
fully compensated by returns from the re-
duced use of other inputs, notably labour.
The heterogeneity of observations in indi-
vidual branches may, however, blur these
results. Small mills often tend to specialize
and large mills concentrate in production of
bulk products. In homogeneous conditions,
with regard to product range and process,
increasing rate of returns could possibly have
been observed more universally. In general,
alternative formulations of the CD function
give a relatively good fit. The CD model
performs better in the mechanical wood in-
dustries than in pulp and paper production
which may be taken as an indication of the
existence of a more general production func-
tion in the latter. The estimation results were
relatively insensitive to capacity utilization
adjustment. However, the adjustment should

be made whenever possible.

The fit of the CES model was again better
in the mechanical wood industries than in
pulp and paper production. As labour pro-
ductivity is the dependent variable in the two
models, it may be that meaningful results
cannot be obtained if the industry is very
capital intensive or the level of labour pro-
ductivity depends heavily on other factors
than the capital-labour ratio or wage rate.
Furthermore, wage rate may not have suffi-
cient variation within individual branches to
reflect in productivity differences. The CES
results would, in general, imply that the elas-
ticity of substitution is not necessarily con-
stant in the Finnish forest industries if mea-
sured in terms of average production func-
tion. Its higher values in pulp and paper
production do not, however, confirm more
rigid technology, with regard to factor prop-
ortions, than in the mechanical wood indus-
tries. Production functions were estimated in
a form where labour productivity was the
dependent variable. In capital intensive in-
dustries this is not necessarily the best way to
analyse the overall production relationships.
The estimation of the translog production
function revealed that the assumption of non-
homotheticity cannot be rejected. This was
further confirmed by the inclusion of dummy
variables in the basic production functions.
Possible sources of non-homotheticity are
process and product range, plant size, and
integration. Had the estimations been pos-
sible within plant categories according to
these characteristics, more information could
have !zer obtained on the rate of returns by
branches. Because of the limited number of
observations this was not possible. It is appa-
rent that at least the pulp and paper indus-
tries are composed of so heterogeneous plants
that the constant returns to scale assumption
cannot be accepted for the industry as a
whole, and a more disaggregated analysis
need be carried out before conclusions can be
made.

The comparison of the time-series and
cross-section estimations was seriously li-
mited by differences in variable measure-
ment. It appeared that physical volume data
on output tend to raise estimates of the rate of
returns. Quite different conclusions on pro-
duction characteristics can be made based on
engineering and economic data. Both the

cross-section and time-series analyses gave
increasing returns in sawmilling but the re-
sults in the other branches remained incon-
clusive. The most plausible estimates of capi-
tal share were obtained through the cross-
section Kmenta function which was not, how-
ever, able to confirm the relevance of the CD
function. The comparison of the time-series
and cross-section models also confirmed that
the ACMS relation is not a reasonable way to
obtain information on elasticity of substitu-
tion, at least in capital intensive branches.

The estimation results of production func-
tions suffer from simultaneity and measure-
ment bias which is possibly of such mag-
nitude that the conclusions made may be
influenced. It is possible that the rate of
returns is seriously underestimated. The
measurement error in capital input also ap-
pears to be important. The same may hold
true with regard to labour input measure-
ment because of the treatment of joint
maintenance and other departments, but this
bias was not estimated. It can be concluded
that the data used and the approach applied
in estimating production functions yielded
results which have to be interpreted with
great care.

73. Productivity Models

The main objective of production functions
in productivity analysis is to show how the
aggregation of inputs should be made. As the
neoclassical assumptions are not valid in the
Finnish forest industries the weights derived
from income shares are more justified than
those based on input elasticities. The hy-
pothesis on constant returns to scale was
rejected, but constant elasticity of substitu-
tion was accepted because otherwise the
aggregation would have been difficult to
operationalize. These assumptions were ap-
plied for all the branches studied although
individual industries would possibly have de-
served a special treatment. A universal
method, however, enabled the direct com-
parability of estimation results by branches.

Productivity variation was explained by
the substitutable input ratio, input and out-
put quality, input price ratio, process charac-
teristics, and capacity utilization. The depen-
dent variables were productivity ratios and
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many of the explanatory variables were also
expressed as ratios. The general interpreta-
tion of ratio variables is obscure and the
model’s endogenous and exogenous relation-
ships are easily blurred. For instance, net
output per employee-hour is not necassarily a
measure of efficiency but it can be considered
as a proxy for factor proportions. There is no
reason to assume that high values of this kind
of ratio imply efficient production. It is not
surprising to find the ratio correlated with
other measures of the capital-labour ratio or
its proxies. Another problem is to what extent
the chosen variables can be considered
genuine decision variables. In spite of these
problems there is a reason to expand the
scope of traditional production function
analysis where only output level or labour
productivity emerge as independent vari-
ables.

Productivity differentials were best ex-
plained by models where capital-labour ratio
and plant size were independent variables.
With the exception of the K/L ratio in the
materials productivity models, this result was
obtained for all the partial and total produc-
tivity measures tried. The ranges of produc-
tivity elasticities were somewhat wider with
regard to K/L ratio than plant size. An in-
crease in capital-labour ratio improves labour
productivity but decreases both capital and
total productivity. In the existing structure of
the Finnish forest industries higher capital
intensity has not apparently been fully com-
pensated by the unit consumption of total
input. On the other hand, it has to be recog-
nised that capital intensity is not directly
related to productivity, i.e. an increase in
K/L ratio does not necessarily raise labour
productivity. There is apparently an op-
timum capital intensity but it cannot be as-
sumed equal for production units of different
size or product range.

Plant size appears to have a positive im-
pact on productivity with the exception of
materials productivity. In general, small pro-
duction units have better possibilities to
utilize wood raw material more efficiently
than large mills. The plant size elasticities
vary in all the other productivity models in
the same, relatively small range (.10 ... 27)
being lower than those of the K/L ratio.
Capital intensity grows more rapidly than the
size of production unit. It appears that the
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highest possible plant size within the existing
units does not give maximum productivity
measured in terms of capital input or total
factor input. The partly conflicting role of
plant size and capital-labour ratio would de-
serve additional study on their ex ante rela-
tionships. The optimum mill sizes have tradi-
tionally been evaluated based on unit invest-
ment costs per capacity output. The scope of
such analyses should be broadened to duly
cover all input factors and experience on the
ex ante and ex post production relationships.

Apart from K/L ratio and plant size, out-
put quality tends to be an important factor
underlying capital, materials and total pro-
ductivity. It was generally measured in terms
of the degree of conversion (the share of value
added in the gross value of production) which
had a positive impact on productivity. The
result may be interpreted as supporting evi-
dence for the strategy of Finnish forest indus-
tries to increase their degree of further con-
version. Among the other significant factors
underlying productivity differentials, the mix
and quality of labour input were identified.

The analysis of productivity differentials
may have suffered most from the lack of data
on horizontal integration which might have
emerged as one of the key variables. The
output quality measures incorporate some
elements of vertical integration and therefore
may also be interpreted as an indication of
the possible inportance of integration.
Another possible key variable is the age of the
main machinery and equipment, for which
meaningful data were not available. The pure
vintage effect is, however, not necessarily de-
cisive as certain process characteristics (e.g.
machine width and speed in paper industry,
the automation of process control) can be
much more important.

Based on the experiments made with pro-
duction functions the bias of productivity
models is likely to be of such magnitude that
the above conclusions have to be interpreted
which great care, even though a certain uni-
formity in the results support them. It is
possible that the elasticities of capital-labour
ratio are on the low side for this reason.

The present study revealed how a certain
set of typical variables used in the economic
analysis of production and productivity, can
yield only limited information on factors
underlying productivity differentials in the

Finnish forest industry. A deeper insight to
the problem could be obtained, should en-
gineering and management data be available.
It is possible that the set of key variables
underlying productivity is insufficient and
should be increased. The results referred to
the existing industry as an average, but this
information has only limited value for plan-
ning new investment. Finally, the aggrega-
tion of heterogencous processes proved to be
risky until a level is reached where
heterogeneity is again large enough to yield
well-behaving information. Nevertheless, the
kind of analysis applied in the study extends
the scope of productivity analysis from labour
productivity towards other inputs and total
input.

The study dealt superficially with mate-
rials productivity. As an aggregate its analy-
sis is not interesting because it incorporates
the utilization of quite different components
such as wood and other fibrous raw mate-
rials, chemicals, energy, etc. Each of them
should be analysed separately in terms of
productivity. To permit an analysis which
could produce interesting information on
substitution possibilities between these input
components and other production factors,
more detailed data would be necessary than
was available in this study. Materials inputs
have often been considered closely related to
output levels. However, efficiency in their
utilization depends on their substitutability,
the rate of capacity utilization, etc. and each
of these factors should be studied separately.

If total productivity is followed over time
and it is used as a decision criterion, it would
be possible to minimize the consumption of
real resources per output unit which in the
long run is a main factor influencing the
international competitiveness of the industry.
The effect of ex ante investment decisions has
to be emphasized as plant size and, to a large
extent, capital-labour ratio are determined at
the planning stage. Of all the factors studied,
these two are the main contributors to pro-
ductivity differentials. On the other hand,
substantial variations in productivity mea-
sures were due to other factors, which allow
ex post improvement. In order to investigate
how the industry’s efficiency could be im-
proved in this respect, additional information
and other approaches than those used in this
study would be necessary.

8. SUMMARY

The international competitiveness of the
Finnish forest industries, which operate
primarily for export markets, depends a.o. on
the prices of production factors and‘thelr
consumption per output unit. At least in the
short run the industry is in a situation where
it has to adapt to the market and price de-
velopment of their products, while the pos-
sibilities to influence factor prices are limited.
Productivity increase has therefore been seen
as one of the key means by which the industry
can itself improve its competitiveness. Inter-
national comparisons have revealed that
there are good possibilities to create such
increases. Using this background as a basis,
the study aimed at obtaining informaFiqn on
production relationships and productivity in
the Finnish forest industries with a view to
improving their international competitive-
ness both at branch and plant level. This
requires the search for appropriate com-
prehensive productivity indicators and' t.he
analysis of factors underlying productivity
variation which are the main objectives of
this study. The study complements an earlier
analysis on the same subject using times-
series data. )

The study data were based on information
on individual plants in 1974, obtained from
the files of Industrial Statistics in the Central
Statistical Office in Finland. The observa-
tions can be assumed to contain measure-
ment errors due to grouping of original plant
data, integration, transport costs, etc. Qn
such central aspects as process characteristics
or product range, information was available
only in the form of dummy variables. Like in
many other productivity studies the weakest
aspect of the present study lies possibly in the
deficiences of data. _

The properties of alternative production
functions were reviewed first to obtain infor-
mation on the characteristics of production
relationships and on certain aspects of pro-
ductivity. The theoretical properties on the
average production functions used were criti-
cally discussed. The constant elasticity of
substitution function served as the basis of
the analysis, which centered on the rate of

returns and the nature and size of the elastici-
ty of substitution. Because of data limitations
frontier production functions were not esti-
mated. Furthermore, there are a number of
factors in the Finnish forest industries which
create non-optimum decision-making and
these would essentially limit the possible val-
ue of information derived from these frontier
functions.

Production theory was expanded to cover
factors underlying productivity variation
when measured with regard to labour, capi-
tal, materials, and total factor input. The
relationships between profit and productivity
maximisation lead to a general model where
productivity variation was explained by the
substitutable input ratio reflecting the chosen
technology and transferring the impacts of
several underlying factors on productivity.
The conceptual model further included plant
size, input and output quality, capacity utili-
zation, and process characteristics as ex-
planatory factors. The model was qualified
for individual partial and total productivities.

A total productivity index was developed
which does not necessarily incorporate neoc-
lassical assumptions and allows a certain flex-
ibility in the underlying technological rela-
tionships and few restrictions with regard to
the rate of returns and elasticity of substitu-
tion. In spite of its unambiguous deﬁr}ition
total productivity is a complex indicator
which may be difficult to interprete. In time
series it can be considered as a measure of
technical change but in cross section it refers
to productivity differences by plants. The
measurement of total productivity is also sen-
sitive to the number of inputs included in the
total factor input, how outputs and inputs are
measured, whether adjustment for capacity
utilization has been made in fixed or semi-
fixed inputs, and how the weighting scheme
has been selected. The measurements were
carried out in three branches (sawmilling,
pulp and paper mills) showing that there may
be certain diseconomies of scale in the very
largest plants. Product mix should first be
differentiated before measurement. The
heterogeneity of the plants studied easily ef-
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fects the measurement results, thus making
anlysis difficult.

The information provided by various pro-
ductivity indicators was verified with regard
to a chosen profitability measure. The results
showed that profitability and productivity de-
scribed quite different aspects of plant effi-
ciency. Capital productivity is alone a very
powerful indicator incorporating a lot of vari-
ation both in total productivity and profita-
bility.

The estimation of the CD and CES produc-
tion functions showed that the results are
sensitive to the method of measurement of
output and input variables. The adjustment
for capacity utilization appeared to have little
effect on conclusions. Production theory ap-
pears to work better when value added-type
measures, rather than physical volumes, are
used for output. This is possibly due to the
heterogeneity of process characteristics, pro-
duct range, integration, etc. Engineering pro-
duction functions may therefore yield quite
different results from those derived from func-
tions where value-added output measures are
used.

Increasing rate of returns were identified in
sawmilling while in the other branches of
forest industries the cross-section evidence
remained inconclusive. In general, the rate of
returns would be higher in the mechanical
wood industries than in pulp and paper pro-
duction but the result is subject to branch
heterogeneity in measurement.

The fit of the CD models was not good in
all the alternative formulations and therefore
their explanatory capacity is limited. Neither
the estimation of the Kmenta function nor the
ACMS relation yielded reasonable estimates
for the elasticity of substitution. This may
have been due to insufficient variation in
capital and labour inputs to allow the estima-
tion with necessary precision. It is, however,
evident that growing capital intensity makes
it increasingly difficult to substitute capital
for labour. The results of the CES function
supported the assumption that wage rate
variation may be a significant factor in exp-
laining labour productivity differentials in
spite of the partly institutional nature of the
labour markets. The results of the VES func-
tion suggested non-constancy of the elasticity
of substitution but they remained inconclusive.
Neither could the non-homotheticity assump-

tion be rejected.

The study focussed on the analysis of entire
branches. Had larger samples been available,
estimation could have been carried out to test
the homotheticity by groups of observations
arranged according to process, integration
and plant size. As this was not possible, only
dummy variables were used. The results
showed that in sawmilling significant sources
of non-homotheticity were not identified. In
pulp mills, process, plant size and possibly
vintage, and in paper mills at least product
range could be such important factors that
the analysis of production relationships could
benefit if it could be made within groups of
plants rather than at branch level as in this
study.

There are a number of possible reasons
why the fit of the production functions esti-
mated remained low. The error term may be
due to different vintages, variation in factor
prices and different expectations of future
factor price ratios. The problem of simul-
taneity is also apparent in the analysis. Final-
ly, there may be important measurement er-
rors in the source data. The bias estimations
suggested that the real rate of returns could
be higher than those estimated. The OLS
results may be blurred by the simultaneity
bias to such an extent that conclusions have
to be interpreted with great care. The same
holds true with bias originating from mea-
surement errors.

In productivity models capital-labour ratio
and plant size emerged as the most important
variables explaining variation in most cases.
Output quality, if measured as the degree of
conversion, was also an important determin-
ant in all branches studied except paper mills
where it had to be replaced by an output
quality variable describing the degree of
specialization. In general, capacity utilization
ratio did not prove to be a significant variable
and the few exceptions may be due to mea-
surement €rrors.

In the mechanical wood industries a cer-
tain increase in labour productivity requires a
somewhat larger relative increase in K/L
ratio than in plant size. This relationship may
be stronger in pulp and paper production
than in the mechanical wood industries. In
the latter branches high labour productivity
is associated with high degree of conversion
but the relationship is more difficult to ana-

lyse in pulp and paper production because of
transfer pricing. Wage rate appears to foster
labour productivity as well. Several organiza-
tion levels or extensive staff functions do not
necessarily improve the overall labour pro-
ductivity. Proxies used for labour input quali-
ty were not very successful in explaining diffe-
rentials and this may indicate that they did
not perhaps illustrate the true quality aspect
of labour input.

Large mills tend, in general, to yield high
capital productivity, particularly in pulp and
paper production. Also capital-labour ratio is
intensively correlated with capital productivi-
ty. Output quality had a more marginal im-
pact than labour productivity in the model.
The relationship was positive in the mechani-
cal wood industries but the evidence was
inconclusive for pulp and paper production.
In paper mills a high degree of specialization
was closely related to high capital productivi-
ty. The quality of capital input was not a
significant factor in the models, which may be
due to the failure to measure it.

The materials productivity model included
labour-materials ratio, plant size and output
quality as explanatory variables. The in-
terpretation of the ratio variable remained
somewhat vague because the true substitu-
tion between the two inputs may be limited.
In mechanical wood industries the larger
plants obtained higher materials productivi-
ty. In the pulp and paper industry the evi-
dence was inconclusive.

The impact of plant size on total productiv-
ity was very important. However, small mills
using small amounts of capital per labour
input have high total productivity and capital
productivity, particularly in the mechanical
wood industries. Capital-labour ratio was less
significant in the three-factor productivity
models than in the two-factor models. In
general, the fit of the total productivity mod-
els was relatively good, which has to be ap-
preciated since the dependent variable can be
interpreted as a residual.

The scope of comparison between the time-
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series and cross-section estimations was li-
mited because of differences in variable mea-
surement. Quantitative analysis was only
possible for production functions as the in-
terpretation of the productivity models was
quite different in the two cases. The short run
estimates of the rate of returns derived from
the earlier time-series models were generally
higher than those produced by this study.
The long-run cross-section estimates can be
considered more plausible even though they
are apparently biased. The Kmenta model
suggested the CD function can be accepted
on the basis of this study, while the time-
series models would indicate that the elastici-
ty of substitution does not necessarily equal
one in pulp and paper industry. The results
have to be considered, however, inconclusive.
The direct estimates of 0 were higher in the
cross section than in the time series, which is
plausible. It is not likely, however, to obtain
higher values in pulp and paper production
compared to in the mechanical wood indus-
tries. In general, the time-series models ob-
tained a higher degree of determination be-
cause of the inherent growth trends in most of
the variables. Quality, mix, and other related
variables produced more interesting results
for them. The impact of these variables may
be more of a short run nature while the long
run functions have to derive their explanatory
capacity from more fundamental aspects of
production relationships.

The study extended the scope of productiv-
ity analysis from labour productivity towards
other inputs and total factor input. If total
productivity is followed over time and used as
a decision criterium, it would be possible to
minimize the consumption of real resources
per output unit which in the long run is a
main factor influencing the industry’s inter-
national  competitiveness.  Furthermore,
labour productivity indicators give only li-
mited information on the rationale of labour
input use and should be used with care as
decision variables.
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SELOSTE

TUOTTAVUUDEN VAIHTELU SUOMEN METSATEOLLISUUDESSA

Suomen metsiteollisuus toimii padosin vientimarkki-
noiden varassa. Alan kansainvalinen kilpailukyky riip-
puu mm. tuotannontekijéiden hinnoista ja niiden kulu-
tuksesta tuoteyksikkoa kohden. Ainakin lyhyelld aikava-
lilld teollisuus on tilanteessa, jossa sen on sopeuduttava
tuotteittensa markkina- ja hintakehitykseen, kun taas
mahdollisuudet vaikuttaa panosten hintoihin ovat rajoi-
tetut. Tuottavuuden nousu on sen vuoksi nahty eraana
keskeisistd keinoista parantaa teollisuuden kilpailuky-
kya. Kansainvaliset vertailut ovat osoittaneet, etta Suo-
messa on hyvit mahdollisuudet kohottaa tuottavuuden
tasoa. Tata taustaa vasten tutkimuksessa pyrittiin hank-
kimaan tietoa tuotantosuhteista ja tuottavuudesta Suo-
men metsateollisuudessa. Kansainvilisen kilpailukyvyn
parantamispyrkimyksissa seki toimialan ettd tuotanto-
yksikon tasolla tarvitaan sopivan laaja-alaisia mittareita
tuottavuudelle. Samalla joudutaan analysoimaan tuotta-
vuuden vaihteluun vaikuttavia tekijoitd. Naihin tavoit-
teisiin pyrkinyt tutkimus tiydentaa aikaisempaa aikasar-
ja-aineistoon perustuvaa selvitystd samasta aihepiirista.

Tutkimusaineiston paiosan muodosti Tilastokeskuk-
sen teollisuustilaston keraama informaatio yksittaisista
tuotantoyksikoistd v. 1974. Aineistoon voidaan olettaa
sisaltyvan mittausvirhetta, jonka syina voivat olla alku-
periisten tehdaskohtaisten tietojen ryhmittiminen ha-
vainnoiksi, integraatio, kuljetuskustannukset jne. Sellai-
sista keskeisista niakokohdista kuin prosessin erityispiir-
teet tai tuotevalikoima tietoa oli kaytettavissa vain dum-
my-muuttujien muodossa. Kuten monissa muissa tuotta-
vuustutkimuksissa tamankin selvityksen heikoin kohta
lienee tutkimusaineistoon liittyvissa puutteissa.

Aluksi arvioitiin vaihtoehtoisten tuotantofunktioiden
ominaisuuksia informaation hankkimiseksi tuotantosuh-
teiden luonteesta ja erdista tuottavuuteen liittyvistd na-
kokohdista. Keskiméaraisen tuotantofunktion teoreetti-
sia ominaisuuksia arvioitiin kriittisesti. Tuottojen astee-
seen ja korvausjoustoon keskittyneen analyysin lahtkoh-
tana oli tuotantofunktio, jossa korvausjousto oletettiin
vakioksi. Kaytettavissi olevien tietojen asettamien rajoi-
tusten vuoksi ns. frontier-tuotantofunktiot jétettiin tar-
kastelun ulkopuolelle. Sita paitsi Suomen metsateollisuu-
dessa vallitsee joukko tekijoiti, joiden vuoksi syntyy epa-
optimaalista paatoksentekoa, miki olennaisesti rajoittai-
si frontier-funktioiden avulla hankittavan tiedon kayttoa.

Tuotantoteoriaa laajennettiin kattamaan tekijoita, jot-
ka vaikuttavat tuottavuuden vaihteluun, kun mittaus on

suoritettu tyon, paaoman, materiaalipanoksen ja koko-
naispanoksen suhteen. Voiton ja tuottavuuden maksi-
moinnin vilisia suhteita kdytettiin hyviksi muodostet-
taessa yleinen malli, jossa tuottavuuden vaihtelua selitet-
tiin keskenaan korvautuvien panosten vilisella suhteella.
Suhde heijastaa valittua teknologiaa ja vilittda useiden
muiden tekijoiden vaikutuksen tuottavuuteen. Mallin
muina selittivind muuttujina olivat tehdaskoko, panos-
ten ja tuotosten laatu, kapasiteetin kiyttoaste seka pro-
sessin erityispiirteet. Malli maariteltiin niin yksittéisille
osittaistuottavuuksille kuin kokonaistuottavuudellekin.

Kokonaistuottavuuden mittausta varten kehitettiin in-
deksi, joka ei vilttamatta sisalla uusklassisen tuotanto-
teorian oletuksia sallien tietyn joustavuuden teknologisis-
sa riippuvuussuhteissa ja sisdltien vihan tuottojen astet-
ta ja korvausjoustoa koskevia rajoituksia. Huolimatta
maaritelmallisesta selkeydestaan kokonaistuottavuus on
monisiikeinen indikaattori, jota saattaa olla vaikea tulki-
ta. Aikasarjassa se voidaan ymmirtaa tekniseksi muu-
tokseksi, mutta poikkileikkausaineistossa se viittaa tuo-
tantoyksikéiden vilisiin tuottavuuseroihin. Laadun ki-
sittely mittauksessa seka kdytetyt painot vaikuttavat ko-
konaistuottavuusindeksin tulkintaan. Mittaus on myos
herkkaa sen suhteen, kdytetaanko arvoihin vai fyysisiin
maariin perustuvia tietoja, montako panosta on mukana
ja onko kapasiteetin kdyttoaste otettu huomioon kiintei-
den ja puolikiinteiden panosten mittauksessa. Kolmella
toimialalla (sahat seka massa- ja paperitehtaat) suorite-
tut mittaukset osoittivat, etta kaikkein suurimmat tuo-
tantoyksikot saattavat kirsia skaalahaitoista. Tehtaat
olisi ennen mittausta ryhmiteltiva tuotevalikoiman pe-
rusteella homogeenisiin ryhmiin, silli muuten tulosten
analysointi on vaikeaa.

Kokonaistuottavuusindikaattoreiden  informaatiota
verrattiin valittuun kannattavuusmittariin. Tulokset
osoittivat, ettda kysymyksessi on kaksi erilaista tehokkuu-
den nikokohtaa. Toisaalta padoman tuottavuus on yksin
erittain voimakas indikaattori, joka sisaltad runsaasti
niin kokonaistuottavuuden kuin kannattavuudenkin
vaihtelua.

CD- ja CES-tuotantofunktioiden estimointi osoitti, et-
ta tulokset ovat herkkid tuotos- ja panosmuuttujien va-
linnalle. Kapasiteetin kiyttoaste ei vaikuttanut tehtyihin
paatelmiin. Perinteinen tuotantoteoria nayttaa toimivan
paremmin kéytettdessa jalostusarvopohjaisia tuotos-
muuttujia verrattuna fyysisiin suureisiin, mihin lienee

syyna prosessien tai tuotevalikoiman heterogeenisuus,
integraatio jne. InsinGérituotantofunktiot saattavat sen
vuoksi tuottaa aivan erilaisia tuloksia tavanomaisiin ja-
lostusarvopohjaisiin tuotantofunktioihin verrattuna.

Sahateollisuudessa tuottojen aste oli kohoava, kun
muilla metsiteollisuuden aloilla tulosten perusteella ei
voida tehda paatelmid. Yleisesti tuottojen aste nayttaa
olevan korkeampi mekaanisessa puuteollisuudessa kuin
massan ja paperin tuotannossa, mutta toimialojen hete-
rogeenisuus saattaa selittaa eron.

CD-mallien vaihtoehtoiset formuloinnit eivit antaneet
yhdenmukaisesti hyvia tuloksia, joten niiden selityskyky
jai rajoitetuksi. Kmenta-funktio ja ACMS-suhde eivit
tuottaneet kohtuullisia korvausjoustoestimaatteja. Tama
saattoi aiheutua riittimattémasta vaihtelusta padoma- ja
tydpanoksessa vilttamattoman tarkkuuden saavuttami-
seksi estimoinnissa. On kuitenkin ilmeisté, ettd kohoava
paaomavaltaisuus vaikeuttaa tyon korvaamista paa-
omalla. CES-funktion tulokset tukivat puolestaan oletus-
ta, ettid palkka on merkittiva ty6n tuottavuuseroja selit-
tava tekija huolimatta tyémarkkinoiden osittain institu-
tionaalisesta luonteesta. VES-funktion estimointitulokset
viittaavat siihen, ettei tyén ja paaoman korvausjousto
olisi vakio. Epdhomoteettisuusoletusta ei voitu tulosten
perusteella hylata. Tutkimuksen kohteena olivat koko-
naiset toimialat. Jos kaytettavissa olisi ollut suurempia
naytteitd, estimointi olisi voitu suorittaa ryhmittdin kayt-
taen kriteereind pr ien ominaisuuksia, integraatioas-
tetta ja tehdaskokoa. Homoteettisuuden testaamiseksi
edelleen kaytettiin sen vuoksi dummy-muuttujia. Tulos-
ten perusteella massatehtaissa prosessi, tehdaskoko ja
mahdollisesti paakoneiden ika ja paperitehtaissa ainakin
tuotevalikoima saattavat olla niin tirkeita tekijoita, etta

niiden vaikutus olisi eliminoitava ennen tuotantosuhtei-
den analyysia.

Tuotantofunktioiden verraten alhaiseen selityskykyyn
on useita mahdollisia syiti. Virhetermi on saattanut
aiheutua tuotantokoneiston idstd, tuotannontekijain hin-
noista ja niita koskevista odotuksista, jotka jaivat tarkas-
telun ulkopuolelle. Myds simultaanisuusongelma on ana-
lyysissa ilmeinen. Lisiksi havaintoaineistoon sisiltynee
huomattavaa mittausvirhetta. Harhan estimoinnit osoit-
tivat, ettd todellinen tuottojen aste lienee estimoituja
korkeampi. Simultaanisuus ja mittausvirheet saattavat
vaikuttaa pienimman neliGsumman menetelmalld saatui-
hin tuloksiin niin paljon, ettd paatelmii on tehtava va-
roen. Erityisesti massa- ja paperiteollisuudessa CD- ja
CES-funktioilla saadut heikot tulokset selittynevat mit-
tausvirheilla.

Tuottavuusmalleissa paaoma-tyopanossuhde ja teh-
daskoko osoittautuivat tarkeimmiksi muuttujiksi, jotka
selittivit kaikkien tutkittujen osittais- ja kokonaistuotta-
vuusindikaattoreiden vaihtelua tuotantoyksikdittdin. Ja-
lostusasteella mitattu tuotoksen laatu oli myés tarked
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tekija lukuunottamatta paperitehtaita, joissa puolestaan
erikoistumisaste antoi hyvia tuloksia. Sen sijaan kapasi-
teetin kayttoaste ei saanut yleensa merkitsevia paramet-
riestimaatteja, mihin lienee osaltaan olleet syynd mit-
tausvirheet.

Tietty tyén tuottavuuden lisdys vaatii suhteellisesti
jonkin verran suuremman lisiyksen padoma-tyopanos-
suhteessa kuin tehdaskoossa mekaanisessa puuteollisuu-
dessa. Massa- ja paperiteollisuudessa vuorovaikutus lie-
nee voimakkaampi. Korkea tyon tuottavuus liittyy kor-
keaan jalost en mek: tsateollisuudes-
sa, mutta siirtohinnoittelun vuoksi tilannetta on vaikea

analysoida massa- ja paperiteollisuudessa. Palkkataso
nayttaa vaikuttavan positiivisesti tyon tuottavuuteen.
Useat organisaatiotasot tai laajat esikuntaosastot eivit
ndytd vilttimatta parantavan tyon tuottavuutta koko-
naisuuden kannalta. Tydpanoksen laatua kuvaavat
muuttujat eivit saaneet malleissa juuri merkitsevia para-
metriestimaatteja, miki lienee osoitus muuttujien heikos-
ta kyvysta kuvata tyopanoksen todellista laatua.

Suurissa tuotantoyksikéissd paastaan yleensa kor-
keaan padoman tuottavuuteen, erityisesti massa- ja pa-
periteollisuudessa. Padoma-tyGpanossuhde nayttaa myds
olevan positiivisesti korreloitunut padoman tuottavuu-
den vaihtelun kanssa. Tuotoksen laadun merkitys oli
malleissa selvasti vahaisempi kuin ty6n tuottavuutta
analysoitaessa. Korkea jalostusaste parantaa paaoman
tuottavuutta mekaanisessa puuteollisuudessa, mutta
massan ja paperin tuotannossa riippuvuutta ei voitu
selvisti osoittaa. Sen sijaan paperin ja kartongin valmis-
tuksessa korkea erikoistumisaste on laheisesti yhteydessa
korkeaan paioman tuottavuuteen. Pidomapanoksen laa-
dun mittauksessa tuskin onnistuttiin, koska muuttuja ei
saanut merkitsevdd parametriestimaattia tutkituissa
malleissa.

Materiaalituottavuutta selittivini muuttujina olivat
ty6-materiaalipanossuhde, tehdaskoko ja tuotoksen laa-
tu. Suhdemuuttujan tulkinta jai jossain maarin epamaa-
raiseksi, koska panosten korvautuminen lienee kaytan-
nossa rajoitettua. Mekaanisessa puuteollisuudessa suur-
ten tuotantoyksikdiden materiaalituottavuus nayttaa
muodostuvan korkeammaksi kuin pienissa laitoksissa.
Massa- ja paperiteollisuudessa paatelmia ei voitu tulos-
ten perusteella tehda.

Tehdaskoon vaikutus kokonaistuottavuuteen osoittau-
tui varsin tarkeiksi, joskin pienet tehtaat, jotka kdyttavat
vahidn padomaa tydpanosta kohden, saavuttavat myés
verraten korkean kokonaistuottavuuden. Sama ilmid to-
dettiin myds padoman tuottavuutta analysoitaessa erityi-
sesti mekaanisessa puuteollisuudessa. Mallien selitysas-
tetta voitiin pitda varsin korkeana, koska selitettava
muuttuja voidaan tulkita jaannostermiksi.

Aikasarja- ja poikkileikkausmallien vertailu jai niukak-
si muuttujien erilaisen mittauksen vuoksi. Kvantitatiivi-
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nen tarkastelu oli mahdollista vain tuotantofunktioiden
osalta, koska tuottavuusmallien tulkinta oli erilainen.
Aikasarjamalleista johdetut lyhyen aikavilin estimaatit
tuottojen asteelle olivat yleensi korkeamimat kuin poikki-
leikkausmallien pitkaa aikavilia kuvaavat tulokset. Jal-
kimmaisid voitanee pitad hyvaksyttivimpini hypotee-
sien kannalta huolimatta niihin sisiltyvistd harhasta.
Kmenta-mallin perusteella CD-funktio voitaisiin hyvik-
sya poikkileikkausaineistoa kaytettaessi, kun taas aika-
sarjamallien perusteella korvausjousto ei valttimitta ole
yksi massa- ja paperiteollisuudessa. Jouston suorat poik-
kileikkausestimaatit olivat korkeammat kuin aikasarja-
malleissa, mikd on hypoteesien mukaista. Sen sijaan
massa- ja paperiteollisuudessa saatuja mekaanista puu-
teollisuutta korkeampia estimaatteja ei voitane pitaa hy-
viksyttavina. Aikasarjamallien selitysaste oli yleensi
poikkileikkausanalyysin tuloksia korkeampi useimpiin
muuttujiin sisdltyvin samansuuntaisen trendin vuoksi.
Tuotoksen ja panosten laatua, rakennetta ja niihin liitty-
vid ominaisuuksia kuvaavat muuttujat tuottivat aikasar-
jamalleissa mielenkiintoisempia tuloksia kuin poikkileik-
kausanalyysissa. Naiden muuttujien vaikutus lienee tyy-
pillinen lyhyelld aikavililli, kun taas pitkin aikavilin

mallien on selityksessddn nojauduttava tuotantosuhtei-
den perustavampaa laatua oleviin piirteisiin. Tuottavuu-
den vaihtelua selittavit aikasarja- ja poikkileikkausmallit
osoittivat tuotannon tason keskeiseksi kokonaistuotta-
vuutta selittavaksi tekijaksi.

Tutkimus laajensi tuottavuusanalyysia tyon tuotta-
vuudesta muiden panostekijéiden ja kokonaispanoksen
suhteen mitattujen tunnusten suuntaan. Jos kokonais-
tuottavuutta seurataan jatkuvasti ja sitd kdytetdin pai-
toksentekokriteerind, olisi mahdollista minimoida resurs-
sien kaytto tuotosyksikkoa kohden, miki pitkilla aikava-
lilla ratkaisevasti saatelee teollisuudenalan kansainvilis-
ta kilpailukykya. Lisiksi on huomattava, ettd ty6n tuot-
tavuusmittarit antavat vain rajoitettua informaatiota
tyopanoksen kiyton jarkiperiisyydestd kokonaisuutena
ja niité pitdisi sen vuoksi kdyttaa varoen paatésmuuttuji-
na. Tutkimuksen tulokset osoittavat, etti investointien
suunnittelun merkitys on ratkaiseva tuottavuuden muo-
dostumiselle, koska silloin pitkilti maaritellaan niin teh-
daskoko kuin paioma-tyopanossuhdekin, jotka erottui-
vat tuottavuuden selittdjina tarkeimmiksi tutkituista
muuttujista.

Dy Dy Dy Dy Ds

0
0
0
0
0
0

Dy

715.3

920.9
1877.5
2186.8
1777.2
3469.3
3331.2

430
.595
714
516

664

543

511
464
574
658
1458

2435
287.7
5122
520.3
4429
934.4
910.3
1335.8

Lw
.835
958
.786
.801

012
028
017
.027
054
.058

Lt

199
118
122
11
162

.095

Ly
24174.4
27493.6
50516.2
48325.8
42615.5
85915.5
75016.1

117702.0
145538.7

14.4
16.7
315
28.3
24.2
475
45.5

44
3.7
8.7
78
8.1
35
13.2

5283.9
5

4814.4

9292
10242.0
10497.7
21905.1
22110.1

615.1
506.8
1062.4
880.7
1076.8
2236.8

3007.2

2315.3

1329.6
1427.5
2933.6
5757.2
5565.0

2940.0
3067.5

2
5
6

Appendix 1. Data by Branches

Sawmills
observation

No. of

0
0
0
0
0
1
0
0

9903.4
8615.1
8937.1
9814.9
9716.7
10342.4
18144.5
14564.4
16433.8
19677.3

9273.6

506 6045.9
44
93

.551

462

480
18

2597
14475
6968
1972
4639
643;
4460
10578

1868.7
2457.5
1751.3
1699.7
2791.5
2531.7
2456.0
3546.3
3972.7

802
995
77
48
.707
844
92
740

056
078
085
040
056
060
072
060

116

1

1
093
.097
089

12

146962.0

260036.5
205214.7
176627.8

146408.0

192586.7

65.0
76.7
108.5
823
80.9
118.5
107.2
93.5

20
33.3
36
31.7
322
43.7
34
44

33173.4

42949.0
45788.0

46695.7
47803.4
48182.7
53832.9
53970.0
63411.0

3978.1
5095.6

38.0
6181.4
5702.1

6172.1
7385.9

9053.5
15445.7
17125.0
12593.3
14032.1
15897.8

8
9
0
1
2
3
4
5

0
0
0

17721.0
17323.2
19124.7
22841.1
25344.3
27357.6
35347.2
45294.2
71400.0

534419

659
577
547
674
518
.586
576
619
597
.589
616

.688

.701

12444
7627
17630
14910
9470
8925
15077
47370
34829
50122
55102
42105
52049

15130

4125.7
4756.3
5509.7
3828.0
3435.7
5627.0
12475.0
6904.0
8955.7
9330.0
7960.3
9089.0

917
.890
770
846
.599
.892
.838
843
657
627
1
742
970
816

052
.056
.052
.063
.038
047
.085
.063
049
056
.051
.069

116
127
076
.096

63
104
112
109
.090
.101

350500.7

286113.3
618150.7

247476.0
216761.0
319766.5
381013.7
270456.3
363429.0
816459.0
516858.7
660296.7
532352.7
636814.7

146.0
121.0
177.2
201.7
189.3
153.3
149.3
196.7
459.7
286.7
369.7
379.0
294.7
348.0

60.0
57.5
60.0
85.0
65.0
81.7
156.7
168.3
93.3
66.7
166.7
146.7
210.0

83.3

94239.3
97731.7

68994.0
76541.0
97980.3
99454.7
135804.0
167674.7
169150.0
190531.3
243833.3
255132.7
429186.7

6361.5

7546.7

7821.6
10755.4
12562.0
10282.6
11959.6
16291.6
44497.2
22764.8
24559.1
21656.4

41379.7

34893.6

24506.3
22084.0
30432.0
30282.0
27606.7
31061.7
37829.0
65932.0
50078.0
59900.3
88333.7
66953.7
112778.7

24256.5

18
19
23
2
25
27




Appendix 1. Continued

Mechanical Wood Industry”

o n @ @ @ L Ly Ls Lt Lw W KK M
1 15824.0 11838.7 28811.0 46.7 120.0 228201.0 .233 156 .763 4309.0 30116 750 7334.8
2 21006.3 15891.3 61484.7 60.0 141.0 252007.0 A4 110 17 3585.0 13760 691 3571.0
3 24174.0 17556.9 66961.0 76.7 1153 215407.7 150 150 17 2996.7 35156 .798 11378.7
4 43361.3 33760.6  124259.3 146.7 2333 426294.7 170 112 737 6000.7 40585 753 19885.5
5 6517.0 5128.7 2789.0 5:3 106.3 174496.7 .097 .052 747 1825.0 5786 .557 2372.8
6 10761.7 7623.6 7672.7 9.0 163.7 300900.0 112 073 .805 37743 20187 621 5499.2
7 12995.7 7957.3 9359.3 15.0 247.7 397332.3 153 .084 798 5082.7 15895 557 6683.7
8 12195.7 8765.7 9411.3 16.7 183.3 326201.0 145 .100 .830 4011.7 14358 .201 5477.1
9 21319.3 13999.2 15473.0 133 311.7 515271.3 079 .063 .889 6794.0 27269 720 9851.7
10 22823.0 15889.8 16312.3 25.0 3133 497923.0 .187 .090 .821 6432.0 27320 633 12835.7
11 24981.7 17116.0 18790.7 27.0 393.3 681911.0 141 .085 .789 8616.3 38867 617 13597.5
12 64563.0 41813.3 47655.0 50.0 807.5 1298158.0 115 .066 1.000 14843.0 72398 682 31868.3
! Excluding Sawmills. Observations 1 to 4 are particle board plants and 5 to 12 plywood mills
Pulp Mills
No. of
becvation Q¢ (e Qr C L Ly Ls Lt Lw w K Kq M Djy Dy Dis Dy Dy Dy Dy
1 6398.3 2608.7 12695.3 153 47.7 81166 035 .007 794 1047.0 13370.0 .683 3826.8 1 0 0 1 0 0 0
2 11413.7 44747 23388.0 233 74.3 135257 054 .057 1.000 2281.3 7747.0 571 6939.5 1 0 0 1 0 0 0
3 15673.3 5724.8 28583.3 333 41.7 71736 .008 .008 945 1209.0 5587.3 815 10043.5 1 0 0 1 0 0 0
4 32427.0 17893.5 32238.7 41.7 219.7 385267 127 123 .770 6327.7 67435.3 .838 16933.4 0 1 0 1 0 0 0
: | 41031.0 28957.9 36941.0 40.0 267.7 482530 15 107 691 7994.3 50760.7 738 15366.1 0 1 0 1 0 0 0
6 33196.3 15969.9 38596.3 40.0 162.3 349700 177 167 1.000 5442.0 48684.0 856 18895.4 0 1 0 1 0 0 0
7 66658.7 30683.3 57685.7 65.0 320.7 571765 121 102 636 9763.7 100095.2 823 39622.0 0 1 0 0 1 0 0
8 68136.5 35299.4 62856.0 715 408.5 736181 179 126 482 12224.5 114171.0 .588 38238.2 0 1 0 0 1 0 1
9 36195.7 10194.3 72507.7 63.3 98.7 172105 095 101 984 3110.7 17616.0 .760 26003.0 1 0 0 0 1 0 0
10 83239.0 43403.3 90594.7 120.0 198.7 349539 126 136 1.000 6385.3 71631.7 .790 41852.6 0 0 1 0 0 1 0
1 100063.2 58818.0 101042.4 110.0 409.4 756081 211 169 566 12346.4 201387.0 809 52223.0 0 0 1 0 0 1 1
12 121385.0 46381.3 146533.3 191.7 521.3 934477 199 146 472 15845.0 168934.3 .881 85807.1 0 0 1 0 0 1 0
13 164119.5 85064.3 158923.5 189.2 730.0 1282445 207 143 .588 19438.0 312448.2 .762 92005.4 0 0 1 0 0 1 1
14 131430.3 73660.9 166699.0 180.0 645.3 1158512 199 138 593 19886.7 213319.7 854 64269.4 0 0 1 0 0 1 0
Appendix 1. Continued
Paper Mills
. Qo Qn Qr C L Lu Ls Lt Lw w K Kq M M, Dy D; D3 Dy Dy Dy Dy
observation
1 84585.3 84542.5 30497.3 36.3 572.3 1017788 164 .105 710 16893.7  123779.7 767 42842.5 42842.5 0 0 1 1 0 0 0
2 60414.0 60390.9 36838.3 493 428.3 756161 163 .092 733 11717.3 94543.0 .837 23132.5 23132.5 0 ] 1 1 0 0 1
3 63354.7 63322.2 419483 38.7 178.7 316591 215 119 933 5162.0 67396.7 826 32501.0 32501.0 0 1 0 1 0 0 0
4 177059.2  176983.4 59633.0 51.2 787.0 1336784 249 21 641 212925  133699.7 705 75834.5 75834.5 0 0 I 0 1 0 0
5 90275.2 90226.7 65293.0 80.7 228.0 406307 191 138 702 7132.7 101362.0 615 48559.1 48559.1 1 0 0 0 1 0 1
6 1351420  135065.9 83679.7 103.3 579.7 1128878 136 072 764 21576.0  223265.0 861 76125.5 76125.5 0 0 1 0 0 1 0
7 120279.2  120218.3 88099.0 94.0 462.8 822594 223 .103 824 14760.2  149610.6 .782 60873.3 60873.3 0 0 1 0 1 0 1
8 326629.7 326459.4  108390.3 260.0 520.7 941513 170 129 654 16393.3  210777.3 845 170272.0  170272.0 0 1 0 0 0 1 0
9 191041.0 190937.4  138986.0 150.7 659.7 1152599 .181 .106 450 19107.7  144274.3 878  103582.4  103582.4 0 1 0 0 0 1 0
10 192032.0 1919195  189408.7 269.0 611.0 1104003 279 176 576 18862.7  258216.3 838 1124539 1124539 1 0 0 0 0 1 1
11 275076.0 274923.3  282778.7 341.0 650.7 1137862 138 107 667 20691.7  334773.3 805  152667.2  152667.2 1 0 0 0 0 1 1
12 309673.7 309505.0 315912.3 344.7 991.3 1839073 .201 128 638 31980.3  479382.7 842 168648.3  168648.3 1 0 0 0 0 1 1

9

S9
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APPENDIX 1. Explanations

Units of Measurement

Unit of

Variable Name measurement
Q¢ Gross value of output 1000 FIM
Qnx  Net value of output 1000 FIM
Qr Physical output of the main

products produced m® or ton
C Capacity 1000 m* or ton
L Number of employees number
Ly Number of employee hours hour
Ls Share of salaried personnel in

the total number of employees share
Lt Share of technical staff in the

number of workers share
Lw Share of the hours of production

workers in the total hours of

all workers share

Salaries, wages and fringe benefits 1000 FIM
Total replacement value of buildings,
machinery and related items

Share of machinery and equipment
in K share
Value of raw materials and supplies 1000 FIM

~ =

1000 FIM

2 F

Dummy variables
Sawmills

D,, - 0 frame saw only
1 other (circular, band, etc.)
D,, - 0 capacity more than 20 000 m*/yr
1 capacity 20 000 m*/yr or less
Dy, — 1 capacity 20 001-50 000 m*/yr

0 other

Dy — 1 capacity 50 001—100 000 m*/yr
0 other

Dy — 1 capacity more than 100 000 m*/yr
0 other

Dy, — 1 further conversion
0 no further conversion

Mechanical Wood Industry

Dy — 1 sawmills
0 wood-based panel mill
Pulp
Dy, - 1 mechanical or semi-chemical pulp
0 chemical pulp
Dy, — 1 sulfite pulp
0 other
Dy3 - 1 sulfate pulp
0 other
Dy, — 1 capacity 50 000 t/yr or less
0 capacity more than 50 000 t/yr
Dy, — 1 capacity 50 001-150 000 t/yr
0 other
Dy; — 1 capacity more than 150 000 t/yr
0 other
Ds; — 1 market pulp mill
0 integrated with paper production
Paper
Dy, - 1 wood-containing printing and writing paper
0 other
Dy; — 1 wood-free printings and writings, folding box-
board, tissue, specialities
0 other
Dy3 — 1 kraft pulp-based paper and board (unbleached
and bleached)
0 other
D,, — 1 capacity 50 000 t/yr or less
0 capacity more than 50 000 t/yr
Dy, — 1 capacity 50 001-150 000 t/yr
0 other
Dy; — 1 capacity more than 150 000 t/yr
0 other
D;, - 1 integrated with mechanical pulp production

0 integrated with chemical pulp production; in-
cludes one observation with no integration

Pulp and Paper

DII

- 1 pulp mill
0 paper mill

67

APPENDIX 2. Correlation Matrix of Main Explanatory Variables Used in Production and Productivity Models

Ly Ky w C K/L, LM, q Ly Ku w C K/, K/, LM, q
Sawmills Paper Mills
Ky 820 Ky 815
w .762 .550 w 147 .368
(o} .882 .668 793 o} 578 745 409
K/L, 735 .781 693 691 K/L, 072 533 618 .763
K/L, .702 943 .537 .555 .880 K/Ly 059 602 430 455 & i
L/M; 060 -.195 -072 -.134¢ -279 -316 L/My .005 -240 -.436 -.573 -680 -.511
qi 297 113 074 126 -043  -014 742 qi -113  -.364 400 221 -679 -.528 .688
q2 -.286 -041 -088 -136 -.094 023 -537 -454 q2 -.015 .288 226 -.120  .104 .563 074 -.342

Mechanical Wood Industry Pulp and Paper Industry

Ky 713 Ky .887

w 343 406 w 204 234

Cc 510 624 617 (o} 711 .801 .360

K/L, 333 501 654 442 K/L, 466 677 235 728

K/L, 400 865 .508 558 739 K/L, 419 703 169 .535 875

L/My 175 -145 056 -.314 061 -.242 L/M; -.042 -198 -337 -473 -440 -362

qi 300 044 -031 -075 -.118 -.174 574 q .308 125 -202 -110 035 044 .585

q2 -.326 -.010 -.186 159 -.120 110 -495  -.484 q2 027 221 069 -040 095 361 -.122 -259
Pulp mills Forest Industry

Ku .955 Ky 872

w .032 -.039 w 536 572

C 874 857 219 C 704 773 550

K/L, 673 782 -.132 671 K/L, 633 778 771 650

K/L; 674 806 ~.111 632 .963 K/L, 609 .802 707 614 .901

L/M; 067 -055 -.234 -296 -.171 ~-.165 L/Mz -079 -257 -.224 -384 -290 -372

q 272 265 -.242 .001 .340 .345 .769 q .09%6 -.099 -278 -.192 -248 -245 .565

q2 -.067 010 -.164 019 015 001 -415 -395 q2 -195 -027 -245 -102 -207 -021 -.126 ~-.195
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