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WHAT I S SHOUN BY A M ACRO P RODUCTION FUNCTION? * 

by Sösim l'Jlbe 

I INTRODUCTION 

The purpose of this paper is to examine the empirical content of the 

short run macro production function in Leif Johansen1s model. Do these 

functions predict actual behaviour of the industry or do they give an 

idealized picture: a picture of the possible, but not the actual produc

tion structure? This question is analysed with an empirical study of 

Swedish pulp industry 1920-1954. 

II THE SHORT RUN MACRO PRODUCTION FUNCTION 

A new approach to the problem of constructing industry production 

functions has recently been presented in the works of Johansen (1972) 

and Sato (1975). The vital concept in both these works is the distribu

tion function, the function showing how the industry's total capacity 

is distributed between firms of different productivity. Given this distri

bution, macro functions are constructed by assuming economic efficiency 

in the organization of total production, an assumption that implies that 

total production is distributed to the individual firms according to 

their efficiency. More inefficient plants come into operation as total 

production of the industry increases. 

In Johansen1s model, which is the model I work with, the efficiency of 

a plant is expressed with the input coefficients. The model assumes that 

the micro ex post functions are of Leónfief type, i e that they can be 

described with the input coefficients (= consumption of factor 

1 ... n per unit of production) and in addition that the total capacity 

of a firm can be given a maximum value, q. 

In the preparation of this paper I have benefitted from comments by 
T Puu, L Ivarsson and P 0 Johansson. Financial support from Länsförsäk
ringar Västerbotten and Västerbottens Sparbank are gratefully acknowledged. 
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The ex post micro production functions can thus be written: 

i i 
V1 Vn 

Q. • min (—t— y ... —r ) i = 1 ... N ,. N i ri r i (1) 
n 

Q. - Q. 

Where Q. is production and v.1 the variable factors in firm i. 
1 J 

The ex post macro function (short run function in Johansen's terminology) 

can now be constructed as a solution to the problem: 

N 
Max Q = E Q, 

i 1 

S.T. 

N . 
V. ì E ç! Q. j = 1 ... m (2) 
J 1 J 1 

0 S Q. SQ. i = 1 ... N 
1 1 

(N is the number of firms in the industry.) 

The economic character of this solution can be studied if we look at 

the industry structure in the "unit space", i e the space for the input 

coefficients (See figure 1.) 
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Figure 1 Illustration to the construction of the short run macro 

function X>2 = i-nPut coefficients 

The cross in figure one denotes the input coefficients of the different 

firms in the industry. A quasi-rent line is also drawn, which has the 

equation: 
\ 

P1 Ç 1 +  P 2 Ç 2 "  1  =  °  ( 3 )  

Those plants with input coefficients between the origin and PP, 

fulfills the condition: 

Pt- + P2 ç2X i 1 (4) 

and conversely for those with input coefficients north east of PP. If P^ 

and P2 are interpreted as the prices of the variable factors (relative 

the price of the product), eq (4) means that the plants obtain a surplus 

revenue over (variable) costs. This is the economic interpretation of the 
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construction (2). Given factor prices P ,̂ those plants obtaining a surplus 

revenue over variable costs, will produce at maximum capacity. Those 

with variable costs exceeding revenue will not produce at all. By varying 

the prices we obtain the complete description of the relation between in

put and output in the industry, and we notice for instance, that lowering 

the relative factor prices P ,̂ leads to the introduction of less efficient 

plants comming into operation. We also notice that the capital stock is 

not an argument in the production function. Capital is regarded as "sunken 

costs", that do not (ex post) influence the decision whether or not to 

produce. 

An important question is, however, what these macro production functions 

really show. Does the^ functional relation correspond to observable rela

tions between input and output in an industry, i e do an industry behave 

as the model assumes? It is this question that is analyzed in this paper. 

As Johansen (p 14) points out, the assumed behaviour would be the case if 

the industry operated under conditions of perfect competition. There exists 

however, many reasons why actual behaviour of firms may not be in accor

dance with the efficient behavior assumed in the model, despite the fact 

that the market can be said to operate under conditions near to perfect 

competition. The first group of reasons are the different kinds of slack

ness that always exists. The different firms have each one a kind of 

(time limited) monopoly on their respective market: i.e. it takes time to 

win over buyers from one firm to another. This tendency is reinforced by 

the fact that many firms have long time contracts with their costumers. 

Another source of slackness can be found in the fact that a plant just, don't 

close down the moment it1s variable costs exeeds total revenue. This can 

be due to great closing down - and starting up - costs, or to the existence 

of certain institutional facts (for instance legislation on the labour 

market) that makes short closing down periods impossible. 
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The second bunch of reasons is due to the fact that an economic production 

function never can incorporate all variable production factors. Usually 

only two factors are choosen (for ex ante functions usually labour and 

capital and for ex post functions usually labour and energy) but of course 

there always exists other factors, for instance transportation and material. 

The problem is however, that an economic production function has to be a 

simplification, i.e. in this case limit itself to a few important factors. 

This is especially true for the short run functions, where it is impossible 

to find a single analytical formulae. Working then with three or more 

factors (which make graphical illustration impossible) the function becomes 

extremely difficult to analyze. 

As one or more of these reasons always prevails, we should not expect obser

vable input and output to be the same as what is implied by the macro pro

duction. The question is, however, if the macro production function is a 

good approximation of reality. I have tested this for the swedish pulp 

industry 1920-1954. The industry produces three different kinds of pulp: 

mechanical pulp, sulphite pulp and sulphate pulp. Most of the production 

is sold on the world market, and the industry can therefore be said to 

work on a market close to perfect competition. The production technology is 

furthermore such, that an assumption of fixed input coefficients is a good 

approximation of real conditions. 

The investigation covers the years 1920, 1929, 1932, 1937, 1943, 1952 and 

1954. I have choosen these years in order to get a great variation in the 

capacity utilization ratio. The years 1920, 1929, 1937 and 1954 are typical 

boom years, with a capacity utilization of about 90%. The years 1932 and 

1952 are both typical recession years, with a capacity utilization of 

about 50%. 1943 finally is a year when production for long time was far 

below capacity. In fact capacity utilization this year was as low as 7% 

in the mechanical pulp sector. This year then gives us the opportunity to 

analyze what happens when production for a long time has stabilized on an 

extremely low level. 
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I work with three factors of production: labour, energy and raw material. 

(Raw material only for the years 1937-1954). These factors accounts for 

about 70% of total production costs, with raw material as the most impor

tant single factor (about 50% of total production cost). Initially I work 

with only two factors of production: labour-energy and energy-raw material, 

just to see if this "usual case" gives a good picture of real conditions. 

For the years 1937-1954 however, I also work with all three factors. 

III VATA 

The data consists of the primary yearly data delivered from the individual 

plants to the Swedish Central Bureau of Statistics. The data covers all 

unintegrated pulp factories in Sweden, i.e. those plants which are not 

directly connected to a paper mill. The numbers of these plants for the 

three production sectors are given in the table below: 

Table 1 The numbers of firms in the data collection 

1920 1929 1932 1937 1943 1952 1954 

Mechanical pulp 40 41 32 25 17 16 15 

Sulphite pulp 37 38 38 38 35 29 29 

Sulphate pulp 13 19 20 20 15 16 15 

These factories covers about 60% of total pulp production in Sweden. 

The data collected are production (tonne, dry weight), labour hours worked 
3 (hours) and raw material consumed (m ). Four different kinds of energy 

data were collected: wood (m^), coal/coke (ton), oil (ton) and electri

city (kwh). These 4 kinds of energy has been weighted together to one 

"energy unit". The weighting procedur is as follows: 

Physically, we have the following conversion ratios: 



- 7 -

3 
1 m wood = 1581.4 kwh 

1 tori coke = 9302.3 kwh 

1 ton oil = 11627.9 kwh 

However, the price of one kwh energy in the form of wood differs signifi

cantly from the price of one kwh energy in the form of electricity. The 

relation between the different energy prices has, however, been approxi

mately constant during the period, with the following proportions: 

= 0.08 electricity 

= 0.10 Pkwk electricity 

= 0.14 electricity 

These prices reflects, I think, the different technical efficiency of the 

energy sources. I have used these prices for the construction of the 

"energy unit11, and thus worked with the following conversion ratios: 

3 1 m wood = 126.5 kwh 

1 ton coke = 930.2 kwh 

1 ton oil = 1627.9 kwh 

The arguments for using these weights are partly that they reflect the 

different technical efficiency, partly that the input coefficients are 

supposed to reflect the economic efficiency of the différents plants. 

A plant with a consumption of 1000 kwh/tonne in the form of wood is 

economically more efficient than a plant with a consumption of 500 kwh/ 

tonne in the form of electricity. With the weights I have used, the input 

coefficients become 80 and 500 kwH/ton,. which exactely reflects the. 

different economic efficiency. 

P . _ wood 
kwh 

P . , coke 
kwh 

P oil 
kwh 
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11/ ABSOLUTE EFFICIENCY OF PROVUCTJON 

A simple method for testing the empirical explanation value of the macro 

production functions is to make an efficiency analysis based on the 

measures put forward by Farrell. (Farrell 1958). This method can be 

illustrated with a simple example. Suppose that total production in the 

sector is Qq, and that total factor consumption is and V^. We then 

construct the short run production function, and concentrates especially 

on the isoquant for the level QQ. Actual factor consumption is then com
pared with the one given by the isoquant QQ« (See figure 2). 

Figure 2 Illustration to the Farrell efficiency measures. V^, = 

total amount of factors 1 and 2. 

The point C in figure 2 denotes actual factor consumption. QQ is the 
isoquant for the short run production function. (Observe that the isoquant 

consists of straight lines). I have also drawn a factor cost line, PP, in 

the figure. The distance between QQ and C reflects the fact that total 
production is not distributed between the firms in accordance with the 

efficiency criteria. We then define technical efficiency (TE) as 

TE = OB 
OC (5) 
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If all plants adjusted their factor use perfectly to thé prevailing factor 

prices (as shown by the line PP) factor consumption would be as in 

point D. We then define price efficiency (PE) as 

and, finally total economic efficiency (EE) as 

OA 
EE = (= PEx TE) (7) 

Economic efficiency measures the relation between the lowest possible factor 

cost and actual factor cost at the prevailing output level and input prices. 

If all these measures have values near to 1, the macro production function 

can be said to reflect actual behavior of the industry. I have now con

structed short run production functions for all the 7 years and for all 

three kinds of products (i.e. 21 functions) with the factors energy and 

labour. I have furthermore constructed functions for the years 37-54 

(i.e. 12 functions) where I have used energy and raw material as factors. 

For each year I have constructed the isoquant for actual production level 

that year. (For a decription of the construction technique, see Försund 

et al (1980)). I have then measured the efficiency in accordance with the 

Farrell approach. The results are given in the table below: 
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Table 2a Technical efficiency (TE), price efficiency (PE) and economic 

efficiency (EE) for mechanical pulp. 

Factors Labour - Energy 

1920 1929 1932 1937 1943 1952 1954 

TE 0.931 0.892 0.756 0.919 0.407 0.900 0.953 

PE 0.909 0.987 0.906 0.999 0.710 0.998 1.00 

EE 0.846 0.880 0.685 0.918 0.289 0.898 0.953 

capacity 
utilization 0.846 0.856 0.585 0.856 0.076 0.707 0.862 

Factors Energy - Raw material 

1937 1943 1952 1954 

TE 0.986 0.871* 0.965 0.997* 

PE 0.951 0.402 1.00 0.986 

EE 0.938 0.351 0.965 0.983 

Tabell 2b Technical efficiency (TE), price efficiency (PE) and economic 

efficiency (EE) for sulphite pulp. 

Factors Labour - Energy 

1920 1929 1932 1937 1943 1952 1954 

TE 0.971 0.969 0.912 0.972 0.681 0.873* 0.957 

PE 0.971 0.975 0.921 0.992 0.935 0.990 1.00 

EE 0.943 0.945 0.840 0.969 0.637 0.864 0.957 

capacity 
utilization 0.889 0.948 0.583 0.940 0.344 0.801 0.914 

Factors Energy - Raw material 

1937 1943 1952 1954 

TE 0.986* 0.897 0.965* 0.986* 

PE 0.997 0.999 0.988 0.987 

EE 0.983 0.896 0.935 0.973 
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Table 2c Technical efficiency (TE), price efficiency (PE) and economic 

efficiency ((EE) for sulphate pulp. 

Factors Labour - Energy 

1920 1929 1932 1937 1943 1952 1954 

TE 0.944 0.924 0.888 0.982 0.663* 0.922* 0.952 

PE 0.996 0.997 0.998 0.999 0.831 0.982 0.981 

EE 0.940 0.921 0.886 0.981 0.551 0.905 0.934 

capacity 
utilization 0.830 0.834 0.626 0.948 0.304 0.787 0.904 

Factors Energy - Raw material 

1937 1943 1952 1954 

TE 0.984 0.853* 0.929 0.972* 

PE 0.995 0.763 1.00 0.999 

EE 0.979 0.651 0.929 0.971 

(* means that the line corresponding to OC in figure 2, cuts the vertical 
or horizontal part of the isoquant). 

As the tables show, all efficiency measures take high values in the boom 

years 1920, 1929, 1937 and 1954. The average value of the economic efficiency 

is about 0.95. This means that actual factor consumption and the consumption 

implied by the macro production function only differs with a few per cent. 

However, if we look at the figures for the recession years, the results 

differ significantly. Both the technical and the economic efficiency attain 

very low values, for example 0.30 for mechanical pulp in the year 1943. It 

is easy to detect a pattern in the tables, where the economic and technical 

efficiency varies with the capacity utilization ratio, wheras this ratio 

seems to have no influence on the determination of the price efficiency. 

A rather crude conclusion is then that the macro function gives a good 

picture of actual behavior under more "normal11 years, when the capacity 

utilization is about 90%. When, however, the capacity utilization in the 

industry falls, the degree of accurancy in the production function becomes 

less. The production function is thus a good approximation of reality only 
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when the capacity utilization is high. This observation is, however, natural. 

If the industry operates in the neighbourhood of full capacity, all effici

ency measures must attain values close to l! In the extreme case of full 

capacity utilization, there are no possibilities whatsoever for any ineffi

ciency, and all efficiency measures then, by definition, becomes equal to 

one. The more the capacity utilization falls, the greater becomes the 

possibilities of inefficiency, as then less efficient plants (instead of 

more efficient) can produce the given volume of production. One also 

realizes that these possibilities of inefficiency is relatively greater 

for the technical and economic efficiency than for the price efficiency 

which explains the results obtained from table 2. 

It is thus by no mean certain, that the high efficiency figures obtained 

in the boom years can be interpreted the way I have done, i.e. that the 

industry behaves as the construction of the macro production function 

implies. To decide on this we must also take in account the possibilities 

of inefficiency, i.e. we must discuss in terms of relative efficiency 

rather than in terms of absolute efficiency. 

1/ RELATIVE EFFICIENCY IN PR0VUCT10N 

The isoquants given by the short run function show the most efficient 

factor combination, and are based on the assumption of the most efficient 

organization of total production in the industry. What, then, is the least 

efficient way of organizing the industry production? Obviously this implies 

that we adopt the rule that first the least efficient, then the more effi

cient plants enter into the macro function. This "least efficient" function 

is, however, very easy to construct from the real macro function. Actually, 

the least efficient function is obtained by turning the real one 180°, so 

that the origin of the real function moves to the point of full capacity 

utilization. This can be seen from the following argumentation: 

Suppose we have an industry with a total capacity of Q. Suppose further 

that we want to construct the isoquant QQ for the least efficient macro 
function. The unused potential Q~Qn must then consist of the most efficient 
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firms. But the isoquant Q~QQ for the real function do shows the efficient 

factor combinations for these efficient plants. The requirement is obviosly 

that these factor combinations are not to be used in the least efficient 

function. An example can clarify this point: Suppose the real isoquant Q~QN 
. 1 1 2  2  

consists of one line only, with the two corner points (V̂ ; V^) and (V̂ ; V^). 

The least efficient isoquant Qq is then constructed from the assumption that 

these factor combinations shall not be used. Suppose full capacity utiliza

tion means the consumption of factors equal to (V-; V9). The least efficient 
. 1 - 1 

isoquant QQ then obviously is a straight line with the corners 
and (V^~V^; ̂ "^2^* ^east efficient macro function is obviously construc

ted by turning the real one 180°. Observe also that the isoquants for this 

least efficient function are concave towards the origin. 

In the figures below the isoquants for the real and the least efficient 

macro functions are drawn. The sector choosen is mechanical pulp, and the 

isoquant levels are 50 000, 100 000 and 150 000 tons. (Total capacity 

was 161 000 tons.*) The areas marked with lines show possible factor con

sumption regions for the isoquant level in question. (Observe, however, that 

the boundaries in vertical direction are only approximations). The other 

area shown in the figures is the substitution region for the real function. 

This special function (mechanical pulp 1920) have been choosen because of 

the great difference between the most and least efficient plants, and hence, 

that the region of possible factor consumption is great. (An inspection of 

the substitution region reveals that there exists plants with zero energy con

sumption. This is the explanation to the fact that the boundaries initially 

touches the axis for labour input). 
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lì 
Figure 3a Isoquants for the real macro function (Q ) and for the least 

S efficient macro function (Q ). 50 000 tons. 

E N E R G Y  r i W H  1 9 2 0  

V -

60 6 4  0 16 3 2  

B Figure 3b Isoquants for the real macro function (Q ) and for the least 
S efficient macro function (Q ). 100 000 tons. 

E N E R G Y  H U H  1 9 2 0  
60 

100 3 6  

100 

o 1 6  3 2  80 



- 15 -

"R Figure 3 c Isoquants for the real macro function (Q ) and for the least 
S efficient macro function (Q ). 150 000 tons. 

ENERGY ntJH 1920 
60 

150 

150 

X 

CC 
ZD O CO < 

16 32 0 8 0  

With the help of the region for possible factor consumption, it is easy to 

construct measures for the relative production efficiency. The figure below 

illustrates the measures I work with: 

Figure 4 Illustration to the measures of relative effiency 
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B 
C denotes actual factor consumption, Q the isoquant for the real macro S . ° 
function and Qq the isoquant for the least efficient macro function. (Both 

for the actual level of production). PP and PfP! are cost lines at the 

prevailing factor prices. 

I now define relative technical efficiency (RTE) as 

(8) 

and relative economic efficiency (REE) as: 

(9) 

In this case we can not find any simple relation between these two measures. 

Both are to approximately the same degree measures of the behavior of the 

industry. The relative technical efficiency measures real"excess consumption" 

of factors in relation to possible "excess consumption". The relative economic 

efficiency measures real "excess factor cost" in relation to total possible 

Excess cost". If these measures are close to zero it means that the industry 

behaves as the construction of the macro function implies: The technically 

and economically most efficient plants then produces the amount in question 

and the least effective plants do not produce at all. If, on the other hand, 

the values are close to 1, it means that the least efficient plants produce 

and the most efficient don't. If, finally, the values are close to 0.5, it 

means that both these assumptions are as good in decribing the actual 

behaviour of the industry. 

From the same 33 macro functions as earlier, I have now calculated RTE and 

REE. The results are given in the tables below: 
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Table 5a Relative technical (RTE) and economic (REE) efficiency for 

mechanical pulp 

Factors Labour - Energy 

1920 1929 1932 1937 1943 1952 1954 

RTE 0.459 0.538 0.585 0.490 0.878 0.379 0.512 

REE 0.546 0.487 0.508 0.410 0.472 0.375 0.489 

capacity 
utilization 0.846 0.856 0.585 0.856 0.076 0.707 0.862 

Factors Energy - Raw material 

1937 1943 1952 1954 

RTE 0.262 0.386 0.503 0.039 

REE 0.435 0.289 0.538 0.199 

Table 5b Relative technical (RTE) and economic (REE) efficiency for 

sulphite pulp 

Factors Labour - Energy 

1920 1929 1932 1937 1943 1952 1954 

RTE 0.338 0.609 0.405 0.305 0.556 0.617 0.700 

REE 0.483 0.678 0.463 0.343 0.226 0.652 0.700 

capacity 
utilization 0.889 0.940 0.583 0.940 0.344 0.801 0.914 

Factors Energy - Raw material 

1937 1943 1952 1954 

RTE 0.233 0.539 0.381 0.407 

REE 0.294 0.590 0.454 0.569 
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Table 5c Relative technical (RTE) and economic (REE) efficiency for 

sulphate pulp 

Factors Labour - Energy 

1920 1929 1932 1937 1942 1952 1954 

RTE 0.630 0.502 0.446 0.435 0.320 0.384 0.606 

REE 0.339 0.453 0.453 0.439 0.384 0.461 0.626 

capacity 
utlization 0.830 0.834 0.626 0.948 0.304 0.787 0.904 

Factors Energy - Raw material 

1937 1943 1952 1954 

RTE 0.568 0.409 0.546 0.320 

REE 0.549 0.417 0.545 0.504 

The first observation to be made is that we do not find any correlation 

between the degree of capacity utilization and the efficiency measures 

now. Secondly, we observe that both efficiency measures in general have 

values close to 0.5. The average value for mechanical pulp is 0.43, for 

sulphite pulp 0.49 and for sulphate pulp 0.47. This means that the assump

tion that the industry organize production according to the principe of 

maximum efficiency is only a little better than an assumption of minimum 

efficiency in explaining actual behaviour. If we want our macro function 

to give a picture of actual behaviour (and we work with two factors of 

production), we could equally well start with the assumption that the firms 

behave so as to minimize the overall efficiency in the industry. As the 

values of the relative efficiency lie close to 0.5, it is quite probable 

that an assumption of a totally random distribution of production would 

give a good decription of actual behaviour. 

The main conclusion is however, that when we work with two factors of produc

tion, our macro function decribes the most efficient way of organizing total 

production but it does not describe how production is actually carried out. 

The macro function is not a decription of actual behaviour in an industryI 
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These results were obtained from production functions with only two factors 

of production* The question then, is whether a function with all three 

factors would decribe actual behaviour better. I have tested this by 

calculating the relative economic efficiency for the years when data for 

all three factors are avaliable, i.e. 1937, 1943, 1952 and 1954. In this 

case I have not constructed the macro function, but started with a calcu

lation of factor cost per unit of production in the individual firms. 

The lowest cost possible for the actual production level C^, has then 

been calculated by assuming that firms enter into production with the 

one with lowest factor cost entering first and so on, up to the point 

where production equals actual observation. Conversely, the highest cost 

possible,C ,has been calculated on the basis of the assumption that the 
s 

least cost-effective firms enter first and so on. If actual production 

cost for the industry is denoted C^, the economic efficiency has been 

calculated with the formulae: 

C - C 
REE = ̂ ^- (10) 

s b 

The results are given in the table below: 

Table 6 The relative economic efficiency with three factors 

1937 1943 1952 1954 

Mechanical pulp 0.40 0.22 0.53 0.47 

Sulphite pulp 0.34 0.53 0.53 0.63 

Sulphate pulp 0.61 0.52 0.58 0.82 

We can see that we arrive at the same conclusion here as when we were working 

with only two factors of production: All values are close to 0.5, meaning 

that the assumption of "minimum efficiency" is as good as the assumption 

of "maximum efficiency" when it comes to decribing reality. 
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1/1 HOl'J VO FIRMS SEHAL/E? 

The analysis conducted above answered the question posed at the beginning 

of this paper. I shall, however, also make a short comment on the more 

general problem of firm behaviour in an industry when total production falls 

below the capacity ceiling. 

As the values for the relative efficiencies were all close to 0.5, it is 

natural to assume that all firms cut their production in about the same 

proportion independently of absolute efficiency. If this is the case, 

total consumption in the industry would amount to the capacity utilization 

ratio multiplied with total factor consumption at full capacity utilization. 

I have tested this hypothesis, which I call the "average hypothesis". 

First I calculate the "average factor consumption" (for all factors years, 

and production sectors) and then the percentage deviation from actual factor 

consumption in the industry. This deviation was then compared with the 

deviation calculated from the optimal factor consumption (i.e. the one 

obtained from the macro function and with the prevailing factor prices). 

In the appendix I give all figures (for all factors, years and industry 

sectors) and in the table below I give the average values of (the absolute 

values of) these figures: 

Table 7 Average percentage deviation from observed factor consumption 

for labour (L), energy (E) and raw material (R). (s/v) = deviation 

based on the "average hypothesis" (B/V) = deviation based on 

optimal factor consumption according to the macro function. 

Mechanical Sulphite Sulphate Average for all 
pulp pulp pulp all categories 

S/V 2.57 2.10 1.07 1.91 
L 

B/V 8.67 6.81 5.97 7.15 

S/V 4.35 1.28 1.92 2.51 
E 

B/V 29.30 15.77 16.30 20.45 

S/V 2.60 0.6 0.6 1.27 
R 

B/V 2.07 4.22 6.27 4.19 
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The table shows that the deviations with the "average assumption11 is 

about 2%, while the same figure for the production function analysis is 

between 4 and 20%. If this comparison is made in cost terms, we arrive 

at almost the same conclusion. The assumption that all firms always have 

the same degree of capacity utilization do therefore decribe actual be

haviour far better than the assumption that efficient firms produce at 

full capacity and inefficient do not produce at all. (Observe however, 

that this result can not be interpreted as if the firms in reality behave 

in accordance with the "average hypothesis", only that this assumption 

gives fairely realistic estimates of production relations in an industry). 

l/II CONCLUSION 

For the material used in this paper, Swedish Pulp Industry 1920-1974, our 

conclusion is that a macro production function of the Johansen type does not 

reflect actual behaviour of the industry. The interpretation of the function 

is therefore, that it summarizes the structure of the industry, but that 

the relations between factors and production shown are not those which can 

be observed or expected. The capacity utilization do not vary in accordance 

with the assumption of the Johansen model. An assumption of an equal 

degree of capacity utilization in all firms do give a far better decription 

of actual behaviour. 
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APPENVIK 

I PsUcZA 

The following prices have been used: 

År Wages Energy Raw material 

Sulphite Sulphate Mechanical 
pulp 

öre öre kr kr kr 
hrs hrs 3 3 3 m m m 

1920 149 6.6 

1929 112 6.0 

1932 114 7.2 

1937 115 5.7 10.6 8.80 9.70 

1943 167 6.5 16.61 13.62 15.12 

1952 362 7.3 74.21 74.34 74.28 

1954 399 5.7 46.55 40.04 43.30 

Sources: For wages SOS Lönestatistik 
For electricity SOS Industri 
For raw material SOS Domänverket 

Table showing the percentage deviation from observed factor consumption 

for labour (L), energy (E) and raw material (R) - (S/V) = deviation based 

on the "average hypothesis11 (B/V) = deviations based on optimal factor 

consumption according to the short run production function and actual 

prices. 

Mechanical pulp 

1920 1929 1932 1937 1943 1952 1954 

S/V - 3.1 - 1.1 - 2.0 4.0 - 2.8 3.2 1.8 
L 

B/V 1.1 - 1.8 10.9 -6.2 -21.0 -13.0 -6.7 

E 
S/V 2.6 - 2.1 - 3.4 -1.0 -20.7 0.3 0.4 

B/V -42.9 -17.3 

1 

CM 1 
1 

-8.9 -81.0 - 9.0 -3.5 

R 
S/V - - - 2.1 0.0 0.6 7.7 

B/V - - - 1.0 4.0 - 0.3 -0.3 
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Sulphite pulp 

1920 1929 1932 1937 1943 1952 1954 

T S/V 4.0 -0.3 3.4 2.5 - 1.5 - 2.7 - 0.3 

B/V -1.3 -1.8 7.6 -2.6 -20.2 -12.3 - 1.9 

E S/V -1.0 

T—1 O
 1 0.4 3.8 - 2.5 0.2 - 1.0 

B/V -9.5 -7.8 -24.5 -3.4 -44.0 -14.7 - 6.5 

R S/V - - - 0.8 - 1.3 0.3 0.0 

B/V - - - 0.1 -12.7 - 2.7 - 1.4 

Sulphate pulp 

1920 1929 1932 1937 1943 1952 1954 

L S/V -0.4 2.2 0.5 2.1 - 1.2 1.0 0.1 

B/V -2.4 -4.1 - 6.1 -1.6 -17.3 - 6.9 - 3.4 

E S/V 3.9 3.1 3.1 0.4 0.4 2.3 - 0.3 

B/V -9.2 -9.9 -13.2 -2.1 -57.0 -12.4 -10.3 

R S/V 
- - - -0.1 1.6 0.7 0.0 

B/V - - - -3.0 -12.2 - 6.9 - 3.0 
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