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One of the important aims of active industrial policy in
Sweden is said to be the co-ordination of efforts to accelerate
structural rationalization as a means of strengthening the
international competitiveness of industry, with efforts to
promote security of employment. It has also been asserted
that one of the aims of labour market policy should be to
stimulate the mobility of labour in order to facilitate more
rapid structural change. It is argued that the macroeconom-
ic gain from labour moving to more productive firms and
production units justifies substantial compensatory pay-
ments, Similar ideas have been expressed with reference to
regional development policy, the differences in productivity
between similar production units in different regions being
used as an argument when discussing the pros and cons of
further growth in the major cities.

Considering the importance that is being attributed to
structural questions in the aims and means of government
policy in these fundamental matters, it is essential to define
what is meant by structure in these contexts and what is
to be regarded as an optimal structure. By the same token
it is important to study the magnitude and causes of dif-
ferences in productivity and to find ways of measuring the
effects of structural change on the development of pro-
ductivity. Our knowledge is slight in this field, particularly
in the latter respect. The present article deals with my
attempts to quantify the magnitude and causes of differ-
ences in productivity and to measure the influence exerted
by structural change on the development of labour pro-
ductivity in the forest industries.

The structure of productivity in the pulp
and paper industry

The theoretical analysis is based to a large extent on Salter’s
Productivity and Technological Change (1960), though it
also utilizes more recent articles concerning capital vintage
models, Fundamental to the analysis is the idea that the
production of capital goods casts the technology known at
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the time of the investment into a mould and that it is
extremely difficult, if not impossible, for capital goods cre-
ated in this mould to be adapted in order to take advantage
of improved technology. Thomas and Bessemer furnaces,
for instance, can hardly be converted into oxygen furnaces
for the production of steel. In such cases the new technology
is said to be embodied in capital. As a result the labour input
per unit output will rise with the age of the capital vintage.

For a firm to invest in the latest capital vintage, it requires
sufficient funds, after covering operating costs, to pay for
amortization and interest on the capital. Similarly, plant
which does not cover operating costs over a certain length of
time will not be retained in production. When the total
unit cost at the latest vintage undercuts the operating unit
cost for an older plant, the firm has cause to replace the
latter. From this it follows that within a branch, the dif-
ference in operating unit cost between today’s optimal plant
and the oldest plant still in operation tends to be equalized
with the amortization and interest costs of investing in to-
day’s optimal plant.

Since the difference between plants in operating costs per
unit produced—measured in terms of value added—arises
because wage costs increase with the age of the vintage,
the dispersion of labour productivity in a branch is deter-
mined by the size of capital costs per unit produced. The
higher the capital ratio in a branch—and this ratio is cer-
tainly very high in the pulp and paper industry—the greater
the dispersion in productivity and the longer the lag for the
infroduction of new technology.

In the forest industries it is difficult to date plants accord-
ing to their year of construction. One finds that many plants
were first constructed a long time ago and have subsequently
undergone extensive alterations and rebuilding. Instead of
using age as a criterion (which might be possible, for in-
stance, in the case of tankers), I have ranked all inde-
pendent pulp mills and all integrated paper mills according
to the size of gross profit margins in 1964 and studied the
characteristics of this grouping. The material is based on a
detailed analysis of the costs, receipts and input require-
ments reported by the firms for each plant in their returns
to the official Swedish industrial statistics. Ranking the
plants by diminishing gross profit margins is equivalent to
ranking them by variable unit costs.

The level of prime unit costs is indicated in Figs. 1 and 2
by the height of the bars. The level has been calculated
as an average for a number of plants (group of plants),



Fig. 1. Independent pulp mills in Sweden in 1964 ranked by
prime unit cost
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aggregated in the case of independent pulp mills so that
each group accounts as nearly as possible for 10 per cent
of total production measured in tons. Changes in the struc-
ture of productivity over time are easier to compare with
this form of aggregation compared with an arrangement of
units into groups of three plants each. In the case of in-
tegrated paper mills, however, the information required
for a complete classification by deciles is confidential, Fur-
thermore, data on the paper industry is available only for
1964, which rules out comparisons over time. Under these
circumstances I have chosen to present this structure in
groups of three units,

The price of pulp is indicated in Fig. 1 by the horizontal
line intersecting the y-axis at Po. In view of the necessity
of aggregating pulp grades that have different prices per
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Fig. 2. Swedish paper mills (integrated) grouped by operat-
ing unit cost in 1964

Each level represents the average for three mills, though the group
on the far right comprises five mills.
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ton, output has been standardized to a quantity of pulp
valued at one krona at mean prices for 1964. Costs have
therefore been measured in ére per krona sales value. The
area between this broken line and the bars represents the
return on capital or, if it is preferred, the gross profit
(though certain costs for central administration have to
be covered by the gross profit). Fig. 2 has been obtained in
a similar way.

Ranking the plants according to their gross profit margins
can be regarded as a means of distributing the capacity of a
branch according to the productivity of the capital. The
plants furthest to the left in Figs. 1 and 2 may be defined
as those with the best practice technique. This interpre-
tation presupposes that the differences in operating unit cost
reflect differences in the expenditure of labour and input
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goods and are not a result of plants with the highest gross
profit margin paying lower wages and prices for timber,
power and other input goods by virtue of market domin-
ance or misleading accounting prices.

This problem was studied as thoroughly as the data per-
mitted in the investigation on which the present article
> based. The following observations may be noted here. It
will be seen from Fig. 2 that in the paper industry there
is a clear relationship between the size of mills and gross
profit margins. This also applies to the pulp industry. The
correlation, however, is not perfect. In both industries some
of the largest mills are to be found in the second and third
deciles. Since the scale of production has grown very rapidly
over time, the close relationship between gross profit margins
and size is a clear indication that ranking according to gross
profit margins corresponds approximately to ranking ac-
cording to the productivity of these plants.

It will also be seen from the figures that wage and timber
costs tend to account for a declining proportion of the value
of production as gross profits rise. The same applies to the
costs for power and other input goods. This congruence
indicates that more modern capital not only saves labour
but also requires proportionally less expenditure on power
and timber, The best mills utilize the cheaper grades of
pulpwood (spruce and softwood) to a large extent or pro-
duce pulp and paper from a lower input of wood fibres per
ton {as well as per krona sales value).

The level of wages varies somewhat between the plants,
the difference between the highest and lowest wage as a
percentage of the mean wage amounting to 15—18 per cent
in the years for which data are available. No relationship
was found between gross profit margins and average hourly
wages. It is possible that wages are somewhat higher in the
best groups of mills than in the worst, an important reason
for this being that continuous production (shift workers are
paid higher hourly wages) had not been fully introduced at
the worst plants.

The return on capital in the best group of
plants

In the best group of pulp mills (the bar furthest to the
left in Fig. 1), the profit margin amounts to 32 #re per
krona sales value and the difference in operating unit cost
between the best and worst group of plants amounts to 28

ére. In the paper industry the profit margin in the best
group of mills is 37 &ére per krona output.

These figures for the gross profit margin may be compared
with those computed from available engineering data con-
cerning input requirements for optimal pulp and paper
mills according to the technology current in the mid-Sixties.
Inserting product and factor prices for 1964 in these en-
gineering data shows, that the gross profit margin for a pulp
mill for bleached sulphate with an annual capacity of
270 000 ton was 28 6re per krona output if one reckons with
a gross yield of 15 per cent of the total utilization of real
capital and 7 per cent on working capital. In the case of
optimally integrated newsprint mills and kraft liner mills,
the corresponding returns were 35 ore and 32 Sre respec-
tively per krona output.

The gross profit margin for the mills with the best prac-
tice technique thus agreed fairly well with the value cal-
culated from engineering data. Another way of putting this,
of course, is that in the best group the gross profit achieved
after deducting interest on working capital corresponded
approximately to 15 per cent earning power on the replace-
ment costs of the capital.

When is structure optimal?

Labour productivity is usually measured as value added
per unit labour input. If all units have the same wage level,
labour input can be measured from wage costs and pro-
ductivity can be measured by dividing gross value added
by these costs. Labour productivity has been calculated for
the best and worst group of mills as well as for the average
for each branch (see Table 1). One would not expect
productivity to be lower than I, i.e. the case when wages
account for the whole of value added. Productivity at the
best group of mills in the pulp industry is twice as high as
the average for the branch (4.6/2.3) and the same is approx-
imately true in the paper industry,

In what sense, then, can the structure of, for instance,
the pulp industry in 1964 be said to have been sub-optimal?
Obviously it can be argued that if all production for sale
had been undertaken at mills that were optimal according
to technology in 1964, 12—14 mills would have been suffi-
cient instead of the 60 or so that were actually in use and
the employment of labour would have been about half or
approximately 10 000 men fewer than was actually the case.

The flaw in this argument, of course, is that it would be



Table 1. Productivity in the best and worst groups of plants
and the average productivity in the pulp and paper industry
in 1964

Pulp industry Paper industry

best worst average best worst  average
group  group group  group’

Labour

productivity 4.6 1.2 2.3 4.4 1.0 2.0

! Productivity was calculated in this case for the worst 10 per cent of
capacity in the integrated paper mills and not for the worst group in
Fig. 2.

quite uneconomic to adjust the entire capital stock im-
mediately to the optimal technology of the day. It is not
economic to close down older plants as long as they cover
more than the operating costs. The central thesis, therefore,
is that all branches of industry that have been built up over
several decades and undergone technological development
are bound to display a dispersion in productivity that does
not automatically indicate a sub-optimal structure. This
dispersion in productivity is liable to be very great in
branches with such a high capital ratio as the pulp and
paper industries. It is therefore invalid to conclude that the
structure of a branch is sub-optimal just because it contains
a large number of small units and the optimal size is perhaps
three or four times as large as the average size,

Instead one should consider which circumstances are
being systematically delayed, e.g. by obstacles to new in-
vestments or by old units being kept in production without
macroeconomic justification.

The reader may have noticed that some of the paper mills
in Fig. 2 do not cover their operating costs. The data on costs
and receipts in the pulp and paper industries on which Figs.
1 and 2 have been based indicate that a number of units
are kept in production even though this is no longer strictly
justified in terms of business economics. Consequently one
finds that the range of productivity between the best and
worst groups of plants is somewhat greater than we expected
on theoretical grounds. One conceivable reason for this
is that social considerations cause firms to maintain pro-
duction until satisfactory alternative employment can be
arranged.

Structural changes can be described in terms of the devel-
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Table 2. Development of gross profit margin, value added
and income ratios for the best-practice technique plants and
for the total pulp industry 1949—1964

Value added
as a share of
selling value

Year Gross profit Income ratios

margin

Best Pulp Best Pulp Best group Pulp indust-
group in- group in- ry
dustry dustry La- Capi- La- Capi-
bour tal bour tal

1949 0.38 020 047 032 020 080 039 0.6l
1954 0.40 024 051 037 021 079 0.34 0.66
1959 037 020 048 036 023 0.77 044 0.56
1964 032 020 041 034 022 0.78 041 0.59

opment of gross profit margins, value-added and income
ratios for the best groups of units in relation to the average
for the branch. The development of these measures is shown
for the independent pulp industry in Table 2. The years
selected all represent periods of rising business activity in the
pulp industry.

It is particularly noteworthy that the best group of plants
has a considerably higher value-added ratio than the average
for the branch, a circumstance that has to do with savings
on input goods and the adaptation of production equipment
to more profitable grades. It is also worth noting that the
income share of labour and capital in this group hardly
changed during the period.

Technical progress

The optimal combination of labour and capital for the
most recent capital vintage is contingent on the price ex-
pectations for factors of production and on the current
production technique when drawing up plans. Since the
rate of technical progress for new capital vintages has a
great deal to do with the rate at which older capital be-
comes outmoded as well as with the long-term rate of
technical progress in the branch as a whole, it is worth
trying to assess how rapidly technology has advanced in
the past. An approximate measure of this factor can be
obtained by studying how factor inputs per unit produced
have changed over time in the best group of plants alone.
For this purpose the best group (corresponding to the
block furthest to the left in Fig. 2) was selected for each of
the years 1950, 1955, 1960 and 1964 and the changes between
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these years were measured for the input of capital and
labour per unit produced. Capital input was measured with
the fire insurance value, which closely agrees with the cost
of replacing the capital of the best group in each year.
Since it is important that inputs are estimated at full ca-
pacity utilization, care was taken to choose boom years. The
years selected all represent periods of very high capacity
utilization with the exception of 1964; an adjustment was
made for this year to neutralize the effect of the somewhat
lower capacity utilization at that time.

Technical progress has been measured as the difference
between the growth of production and a weighted sum of
the relative change in labour and capital inputs, so that
it comprises the part of production growth that cannot
be attributed to increases in labour and capital inputs. The
income ratios in the best plants at the outset of the period
have been used as weights, corresponding approximately to
those given in Table 2. Alternatively—though with exactly
the same implications—technical progress can be measured
by subtracting from the relative growth of labour produc-
tivity that part which is attributable to the increase in the
capital-labour ratio and weighting the latter contribution
to the rise in labour productivity with the share of capital
income in value added.

Table 3. Contributions from technical progress and greater
capital intensity to the rise of labour productivity in the best-
practice technique pulp plants 1950—1964

Period Rise in Iabour Contribution from
productivity  capital technical
intensity progress
(average annual percentage increase)
1950—1955 2.1 0.7 1.4
1955—1960 7.8 4.8 2.9
1960—1964 9.6 7.6 2.0
1950—1964 6.2 4.0 2.2

The results are given in Table 3, from which it will be
seen that approximately two-thirds of the rise in labour
productivity is attributable to the increase in capital inten-
sity and one-third to technical progress.

Effects of structural change on the growth
of productivity

There are three ways in which average labour productivity
in a branch can be increased: by the addition of better plants,

by closing down plants with below-average productivity and
by rationalizing existing plants. Besides studying the develop-
ment of average productivity it is interesting to investigate
how this development has been achieved.

Table 4a. Development of labour productivity in the best-

practice technique pulp mills and in the total Swedish pulp
industry 1950—1964

Period Average annual growth of Capacity closed
produc- labour productivity down during the
tion vol- in the period (per cent
ume best total pulp of total capacity

group industry  in initial year)

1950—1955 4.2 2.1 3.3 3

1955—1960 5.8 7.8 6.7 3

1960—1964 4.1 9.6 6.8 6

1950—1964 4.8 6.2 5.7 17

Table 4b. Productivity relationships in the pulp industry
1950—1964

Year Ratio between labour productivity in
best group of mills worst group of mills
and branch average and branch average

1950 1.95 0.42
1955 1.84 0.45
1960 1.93 0.49
1964 2.09 0.42

In the study an equation was derived that describes
the growth of the average productivity in a branch as a
weighted result of (a) the rate of expansion in the branch
(the net increment to capacity), (b) the rise of productivity
with the best-practice technique, (c) the rate of closures
(scrapped capacity in per cent of total capacity), and (d)
the ratios between productivity in the best and worst-
practice technique plants respectively and the average for
the branch in the initial year.

Capacity in the pulp industry has been extended largely
by investing in existing plants rather than by constructing
new ones. The relation between structural change and the
growth of productivity has been derived on the assumption
that “marginal” productivity for the capacity added to exist-
ing plants is as high as the average productivity in best
practice technique plants. This assumption rests on the ob-
servation that the greater part of rationalization in existing
plants increases their capacity.

The measures listed under a—d are presented in Tables
4a and 4b. Inserting them in the derived equation gave a



calculated figure that was compared with the actual growth
of average productivity in the branch. It was found that
these two values agreed fairly well.

It will be seen from Table 4a that the growth of pro-
ductivity in the best group was not much higher than the
average for the branch over the entire period 1950—1964
but that there were considerable discrepancies in different
parts of this period. In the years 1950—1955 labour pro-
ductivity rose more rapidly in the branch as a whole than
in the best group and vice versa in the other two parts of
the period.

Tables 4a and 4b also indicate that when—as in 1950—
1955—the branch’s productivity rises more rapidly than that
of the best group of plants, the ratio between the produc-
tivity figures falls, whereas when productivity in the best
group accelerates to a more rapid rate than the average
branch, this ratio rises. The high ratio between productivity
in best-practice technique plants and the average produc-
tivity in the branch in 1964 indicates that there was a rela-
tively large potential for improvements in productivity this
year.

In the period 1964—1969 the annual rise of labour pro-
ductivity in the pulp industry averaged approximately 8 per
cent a year, that is to say it was more rapid than during
any of the sub-periods in Table 4a. The volume of produc-
tion rose at much the same rate in both cases but the rate
of closures was considerably higher in the period 1964—
1969, amounting to approximately 12 per cent of capacity
in 1964. Our computation shows that the acceleration of
productivity growth was entirely attributable to the higher
rate of closures compared with any of the previous periods.
Productivity increases for best practice technique between
1964 and 1969 need not necessarily have been higher than
the trend (approximately 6 per cent a year).

Structural data of the kind presented here may be of
great assistance when forecasting the development of pro-
ductivity and the rate of closures. If the structure of pro-
ductivity had been known at the beginning of the period
1964—1969, it should have been possible to foresee that
extensive closures would be made during the next few years
(though perhaps not fully to the extent as those which fol-
lowed the deep recession in 1966—1968) and that produc-
tivity would rise more rapidly than previously. There is also
reason to believe that the dispersion in productivity was not
as wide in 1969 and that conditions for an equally rapid
growth of productivity in the period 1969—1975 are con-
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sequently less favourable than in the second half of the
Sixties.

The data presented in Tables 4a and 4b have also been
used in an attempt to calculate the importance of structural
change for the growth of productivity in this branch as
well as the contribution from improvements in the best
practice technique. In the total period 1950—1964, capacity
in the branch increased by 91 per cent (4.8 per cent a year
over fourteen years) and the total capacity of those plants
which were shut down in this period amounted to 17 per
cent of the capacity in 1950. The gross increment to capacity
thus amounts to 108 per cent (914 17). If one assumes that
productivity in this additional capacity was equal to the
productivity in the best practice technique plants in 1950
and that the productivity of the closed plants corresponded
to the productivity of the worst 17 per cent of that year’s
capacity, there would have been an average rise in produc-
tivity of 3.4 per cent. In other words, the introduction of
the best practice technique of 1950 in step with the growth
of production and closures would have resulted in approxi-
mately 60 per cent of the rise in productivity that was
actually achieved in the branch between 1950 and 1964
(3.4 per cent as a percentage of 5.7 per cent; see Table 4a).

Concluding remarks

The growth of productivity can be accelerated for a con-
siderable period by rapidly increasing the rate of expansion.
This will augment the proportion of new capital that in-
corporates the latest technology. In this way the rise in
productivity becomes closely bound up with the rate of
expansion, a circumstance that it is important to bear in
mind when setting up longterm forecasts for different
branches. One cannot, for instance, simply deflate the
planned growth of production as reported by the firms to
the Swedish Long-Term Economic Surveys in order to ad-
just the growth figures to the expected shortage of labour
without also making the necessary adjustment to the produc-
tivity increases that are implicit in the plans.

Knowledge of the relationship between productivity for
the best-technique technology and the average for the branch
has an important part to play when assessing the future rate
of structural change. The analysis presented here displays
clear parallels with the analyses of Schumpeter and Dahmén
concerning the rate at which technical progress—a high
rate of innovation—are liable to generate structural crises.



