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1. INTRODUCTION - AREAS FOR T ECHNOLOGICAL FORECASTING 
Two main approaches dominate the literature on technology and 

technological progress: 
(i) The technical view and 
(ii) The economic view 

The technical approach is taken by engineers and, if we are dealing with 
past technology, by historians of technology. This technical approach is 
concrete, and means looking at the directly observable changes in organi
zational patterns within a firm or at the precise changes made in the way 
a machine is constructed. The history of technological change becomes 
the history of how humanity ingenuity made concrete changes in the 
working tools that were at hand. The story of technology's impact on 
society is the story of how men and women changed their way of living 
and working as a direct result of the concrete changes in the technologi
cal structure. 

The economic approach implies an abstraction from the concrete 
technical details. Economists are not concerned with how things are 
done or how the way of doing it changes. Their interest is in the 
economic significance and the economic result. What matters for the 
economist in technological progress is the changing relationship between 
scarce input resources and scarce output and not how this change is 
accomplished. Scarce resources generally means capital, labor, and raw 
materials (including energy), i.e., units to which uniform prices can be 
attached. Prices and incomes are the core elements in the economists 
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conception of t echnological progress: firms choose and develop new tech
nology on the basis of p rice expectations. The overall effect of progress is 
the increase of efficiency and hence, an increase in real income. The 
impact of technological progress on society is, above all, analyzed with 
increased income as the strategic variable. 

Technological forecasting can either focus on the technical founda
tion of progress or on its economic result. There is however, another 
dimension to technological forecasting, namely, the relationship between 
products and processes. Improvements in process makes possible the pro
duction of the same good at lower costs, while product improvements 
means producing better quality and an increase in product price. Of 
course there are interactions, but it is analytically convenient (and 
empirically relevant) to keep this difference in mind. Industrial sectors 
can be classified by whether they lower the cost of p roduction or increase 
the product price. 

2. A FORMAL PRESENTATION OF THE M ODEL STRUCTURE 

2.1 Process- or Supply-Side 
Some formal analyses can clarify the viewpoints presented in the 

foregoing section. Let us start with process, and assume that we are deal
ing with an industrial sector that produces a good with only one quality. 
We denote the quantity of this good Q. Let us assume that we can 
describe the production process with the engineering variables 
xj xn, and simplify matters so that the total process can be 
described by an "engineering production function":^] 

9 = e(*i *n) (1) 

The engineering variables (e.g., length, speed, density, strength) usually 
have no uniform price attached. Let us therefore assume that we have nt 
economic factors of production (capital, labor, etc.); v1 vm. There 
are of course definite (efficient) relations between x and v, and let us 
assume that we can write these relations: 

9 "jn) — 0 i-1 k (2) 

These relations are called input junctions since they tell us the amount 
of economic resources (i/) needed to materialize a certain set of 
engineering variables (x). 

If we s olve the problem: 

MaxÇ -  e  ( x 1  xn) 

ST 
P<(*i *n-v i  vm) * = !. ••• .* 

(3) 
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we obtain a relation between u and Q: 

Q = O 

which is the economic production function.t2^ 

( 4  

A ch ange in the engineering function or in the input functions will result 
in a change in the economic production function. We s ee then that tech
nological progress has two sources: changes in the production process 
itself (e.g., improvements in the organizational structure, etc.) or 
improvements in factor inputs (i.e., (2)). Changes in relation (2) include 
better education of labor, better quality in capital goods and so on. 

Changes in the engineering relation, e, over time { t ) , d e  /  d t  is nor
mally a function of the amount of research and development in the sec
tor, possibly with some time lag. Let us denote this lagged quantity 
RD{t). Progress is also normally affected by "learning by doing", so 
de / d t is dependent also on the flow of production <?(0- We t hus have to 
quantify a relation: 

Improvements in ^ is normally not within the control of the sector. 
Improvements here are normally product changes for the sector that 
produces the inputs, notably the capital producing sector. The progress 
in the input-making sectors is also dependent on sales, and thus in the 
case of c apital goods, on the rate of investment in the sector under study. 
S i n c e  t h i s  i n v e s t m e n t  i s  d e p e n d e n t  n o t  o n l y  o n  < ? ( 0 .  b u t  a l s o  o n  d Q / d t ,  
we can deduce that total progress in the sector strategically depends on 
RD{t), Q(t) and dÇ/dft3J. It must, however, be added that progress is 
also connected progress in all the other sectors through the input func
tions (2). 

Progress in the engineering or input function is transmitted to the 
economic production function. The change need not result in a change of 
technology used, since the improvements can affect only certain areas of 
the production function. However, the general result is to improve the 
relationship between v and Q or, to put it in another way, to shift the sup
ply curve of the firm and /or the industry. 

2.2 Product- or Demand-Side 
Let us now turn to product innovations, starting with the individual 

utility function. However, we shall assume that this function applies to 
the "characteristics" contained in economic goods and not to the 
economic goods themselves. In other words, we assume that the utility of 
a car is measured by its speed, safety, comfort and so on. Let us denote 
these characteristics zl zk and we have utility U for an indivi

de / df =tf[ÂZ?(i).Ç(0] (5) 

dual;l43 
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U = U ( z  i z k )  (6) 

The economic goods, which we can denote Q y ,  . . .  , Q i  "contain" these 
characteristics in different amounts, so that a given set of characteris
tics, z, can be obtained if a specific set of e conomic goods, Q, are bought 
and consumed. This means that we a ssume a relationship between z and 
Q; 

z j  ~  3 j ( Q  Q i )  ; '  =  i  *  ( ? )  

If (7) are substituted into (6), we obtain the utility function with economic 
goods as variables. 

Technological progress cannot change the utility function directly^. 
The relations that change are of course the goods-characteristics rela
tions (7). An increase in quality j of good i means that 
d{dgj/dQi)/ dt > 0 (if Zj is a desirable characteristic). What happens is 
that the utility function in the economic goods shift, so that a given 
amount of utility is obtained at lower cost. This means (normally) that 
more quantity of the goods is demanded at a given price, so that the 
demand-curve shifts upwards. 

2.3 Prices and Equilibrium 
Assuming now that we can forecast the development of e { x 1  xn) 

and ^(zj, ., . , x n , i / i ,  .  .  .  , v m ) ,  w e  could correctly derive the economic 
production function. However, to know which point on the production 
function an investor will choose, we need to have additional information 
on the development of prices. The same holds for the demand side: Given 
the utility function and the goods characteristic relations (7), we can 
derive the utility function in economic goods. However, to know which 
quantities are actually consumed, we need to know the development of 
prices and incomes. 

2.4 Summary of the Forecast Model 
The model presented here is illustrated graphically in Figure 1. A 

forecast could start at either of the three levels indicated: 1) "technical 
level", implying a forecast (for the supply side) of th e engineering produc
tion function and the input functions (and correspondingly for the 
demand-side) 2) the "economic level", meaning a forecast of the 
economic production function and/or of the input prices and at 3) the 
"equilibrium level", with the demand and supply relations or even with the 
equilibrium solution itself. The equilibrium solution means that a fore
cast is made of the time path for quantity sold (and/or inputs bought) 
without reference either to the technologies of the supply-side or the util
ities of t he demand-side. 
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Figure 1. Graphical illustration of th e Forecast Model. 

3. METHODS FOR TECHNOLOGICAL FORECASTING  ̂
The methods of technological forecasting tend to cluster into three 

principal categories: 
(i) Tvrm series and Projections which deal essentially with trend 

forecasting. 
(ii) Models and Simulations which deal principally with interactions 

among events. 
(iii) Qualitative and Holistic Methods which deal with the broad con

text of the future, including societal alternatives, patterns of 
values and so on. 
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When doing a forecast for, for instance, the forest sector, all three 
categories are relevant. We would like to know, e.g., the development of 
labor per ton pulp in production, the interactions between the forest sec
tor and the rest of the economy and also if the society of the year 2000 
will be more positive towards recycling than now^. In this presentation I 
will, concentrate on categories (i) and (ii) which are the methods for 
quantitative forecast. Descriptions of methods for category (iii) (such as 
the Delphi technique, etc.) can easily be found in standard text books 
(see note 

3.1 Time Series and Projections 

3.1.1 Single-Valued Variables 
The most common forecast by far a single-valued variable, x, depen

dent only on time t : 

x  =  f { t )  ( 0 )  

The most common form of / is exponential, i.e., x = aeb *, where a and ò 
are parameters, estimated by statistical regression on historical data, x 
can be a process variable (e.g., the speed of a machine), a quality vari
able, or an economic input figure. The simple exponential growth curve is 
also widely used to forecast demand for a product (at a given price). 

The exponential growth curve can be given some rationale apart 
from purely statistical inference. Let us assume that we are dealing with 
a positive variable and that a constant effort (in terms of m oney or scien
tists) is supplied in order to increase its value. It is then realistic to 
assume that 

dx / dt = c jx(f ) (9) 

(where Cj is a constant), i.e., that the growth of x(t) is proportional to 
x(f) If x {t) is taken to represent a given level of knowledge, then it 
seems natural to assume that the chance of making progress (i.e., 
dx / dt) is. given the effort, proportioned to the already achieved level. 

The examples of these simple exponential growth curves are 
numerous: Martino (1975) gives the following examples: 

(i) Productivity in ton miles/hour of civil and military aircraft 
(p. 131-132). 

(ii) Efficiency (in lumens per watt) of il lumination sources (p. 133). 
(iii) Gross take-off weight of US s ingle place fighter aircraft (p. 134). 
(iv) Top speed of US combat aircraft (p. 135). 
(v) Three engineering characteristics of US-built rocket engines 

(p. 136-137) 
(vi) Electric power production in US (p. 138) 
(vii) Installed horsepowers in US (p. 139). 
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3.1.2 Single- Valued Growth with Limits 
When an exponential curve is used, growth is without limit and x { t )  

approaches zero or infinity when time approaches infinity. This may be 
realistic for certain cases or certain phases of a development, but it is 
certainly not the general case. In reality, we have all sorts of n atural lim
its. For instance, when we discuss the development of engineering vari
ables, we can distinguish the following limits:^ 

1) Energy input limits imposed by thermodynamic al laws, e.g . ,  
a) Energy limits for transformation of o re into metal. 
b) Carnot efficiencies of h eat engines. 
c) Energy requirements for moving bodies. 

2) Material input limits imposed by chemical laws, e.g., 
a) Ore requirements for metals. 
b) Wood requirements for paper. 

Some empirical examples of these are given in this chapter. However, 
other limitational facts do exist: 

3) Absolute physical limits, e.g., 
a) The speed of li ght. 
b) Zero pressure. 
c) Zero absolute temperature. 

4) Limits imposed by the human body, e.g. ,  
a) Acceleration limits (no more than 0.15 g for standing per

sons, no more than 5 g for seated, normal, persons). 
b) Maximum pollution concentration in plants, cities or on the 

earth. 
5) Limits imposed by the physical property of m aterial, e.g., 

a) The strength of d ifferent materials. 
b) The insulation or conductive properties of m aterials 

When we discuss the development of demand, we can easily identify 
"income-saturation" for different products, i.e., the point where the 
income elasticity is zero. (It is. for instance, highly unlikely that the per 
capita consumption of newspaper will ever exceed 150 kg/year, regard
less of per capita income.) Also, when we discuss the substitution of one 
product or one process for another, we h ave a natural upper limit of 100% 
of market. In many cases, thus, we realize that a growth curve with a 
limit is the appropriate formulation for forecasting. The most common 
form of these functions is the logistic function. In our case 

x { t )  =  
1 + e o(*o - 0 (10) 



- 8 -

whore 
X - upper limit of x ( t )  
a = the growth factor and 
t .  o = the time when x  ( t )  =  1 / 2 x . 
The logic behind the logistic formulae is simple: Let us assume a 

positive variable and a constant effort to increase its value. Let us furth
ermore assume that we know that x has a definite upper limit x: The 
assumption 

d x  /  d t  =  a - ( x  —  x ( t ) )  •  x ( t )  ( 1 1 )  

is then not unrealistic. It means that we assume growth of knowledge 
(i.e., dx / dt) to be a product of (i) the level of knowledge (x{t)) and (ii) 
the potential knowledge (x - x). If x{t) is the share of total market and 
x = 1 then x - x{t.) indicates the remaining market to be explored. 

The applications of the logistic curve are numerous. The logistic 
curve for market substitution was originally introduced by Griliches 
(1957) in a study of hybrid corn, and has since found many followers, of 
course, have refined the model to a considerable degree; e.g., Linstone et 
al (1976). Blackman (1974), Sharif and Kabir (1976), Ayres et al (1975), 
Sharif and Uddin (1975), Stapleton (1976), Blackman (1973), Marchetti 
(1979), Bowonder and Ronatgi (1975), Nabseth and Ray (1974). Some stu
dies on single-valued process and product variables with growth limits can 
be found in Bright (1969, p.77-109) (articles by Ayres R.U. and Floyd, 
A.L.), Ayres (1969), Squire (1977) 

3.1.3 Time Projections of Engineering and Economic Relations 
Time projections of functional relations are not very frequent, and 

their most common application is to economic production functions. 
Forecasts based on engineering relations are very rare but they do exist. 
Cowing (1970), Pearl et al (1975). Eide (1979), Wibe (I960), Sahal (1976), 
and Alexander et al (1973). Projections departing from more complex 
models on the technical level at the demand side are even more rare. 
There do exist, however, on some attempts to measure the "utility" of 
certain characteristics, and to link these to the economic world: see 
Ayres et al (1975) and Cima et al (1973). The bulk of studies on time 
dependent relations is, however, on economic production functions. A 
short description of the basic concepts used when dealing with economic 
production functions could therefore be instructive: First, there is a 
difference between ex ante and ex post production functions. Ex ante 
refers to the technical possibilities of choice before the investment deci
sion, ex post refers to conditions after that decision. The normal assump
tion is that firms have continuous substitution possibilities between fac
tors of production ex ante, but that there are no substitution possibilities 
in ex post. 
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A seco nd distinction is made between average (AP) a nd beat practice 
(BP) production functions. BP refers to the most efficient existing tech
nology. AP refers to the average of existing firms in a scctor. Finally, 
there is a distinction between firm or micro production functions and 
sectoral or macro functions. The theoretical concept of the production 
function was based on firm conditions. Perhaps most satisfactory method 
of making forecasts is to study the development of the BP technology. 
However, there are great difficulties involved when estimating such a 
function. Two approaches can be followed. We can 

(i) Estimate a function on the basis of existing production data, but 
with the restriction that 

where v* is the observed vector of inputs, f is the estimated BP 
production function and Q*, the level of output associated with 
input vector nu*. The estimation procedure is described in e.g., 
Forsund and Hjalmarsson. (1976). 

(ii) Estimate a function on the basis of e ngineering data 
This method implies either that one simply ask an engineering 
consultant or that the economic relations are calculated from 
known engineering relations (see the survey by Wibe, 1982). 

One could also obtain much information from studies of the average 
production function. The usual approach is to from a time series, cross-
sectioned data base consisting of input and output figures for different 
firms and at different points of time. Technological progress is usually 
assumed to be neutral (of some kind) and the by far most common 
assumption is: 

Q ( t )  =  e ° *  • / ( v )  (11)  

(a > 0) , i.e., that the production [<?(*)] grows exponentially with time, 
given the input set v. There exists a vast literature on the problem of 
modeling technical progress into economic production functions (see for 
instance, the bibliography in Puu and Wibe, 1980). 

A third possibility is to start with the development of the ex post 
structure of the sector. This means that we should start with the capa
city distribution, i.e., a function g (fj, .... defined by 

Q g  =  f f J c  f g { <  1  < n ) d < l  ( 1 2 )  

where Qc is the capacity located in area G in the flf . . ..,fn space, and 
fi, . . . t(n is the input coefficients (input per unit of output) of factors 

The distribution function indicates the capacity of the firms with 
input coefficients within the space G. The movement of fn) 
over time is an indication of the structural change within the industry 
and is a suitable starting point for forecasts. 
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3.2 Some Special Features with Time Series Projections 

( i )  I n c l u d i n g  t h e  " E f f o r t "  a n d  t h e  C o s t  o f  E f f o r t  

Hereto we h ave assumed a "given effort". However, if we are dealing 
with forecasts for strategic planning, we must of course also include the 
cost of effort. In the case of the growth curve, we would for instance 
assume that the growth rate, a, was a function of the number of scien
tists. N, working constantly on the subject, e.g., 

a .  =  a Q  +  a j g { N )  (13) 

(ajjatO growth from e.g. ,  learning by doing.) The effect of "effort" (i.e., 
cost) on the path of progress is discussed extensively in Fusfeld and Lan-
glois (1902). The "learning by doing" effect is discussed in Arrow (1960) 
and illustrated empirically in Fusfeld (1970). 

(ii) Including Probabilities ad Probability Distributions 

A f orecast is always associated with a certain probability. What is 
predicted is normally the mean outcome. It is not difficult to model a 
probability distribution attached to this mean. We can for instance attri
bute a probability distribution to this mean with a standard deviation =0 
at the time of the forecast and increasing over time. One could assume a 
probability distribution where the probability for the trend (mean) ±z% 
at time T was rr. Such probabilistic approaches are discussed and illus
trated in Floyd (1989), Mitchell (1975), Dobrow and Malaya (1979), Cima et 
al. (1973), and Botez (1977). 

(iii) Including Stepwise Increase in the Single- valued Variable. The 
analysis of "Breakthrough" and the Envelope Forecast. 

It is not unusual that a variable develops in a stepwise fashion. 
Several examples can be cited [see Ayres (1966), (1969)] and we can use 
as an illustration the development of the Cornut efficiency for heat 
engines: There are two things that need to be examined in these cases: 

(i) The envelope 
(ii) The switch points between technologies 

Let us assume that we are dealing with the process displayed in Figure 2. 
The first forecast that could be made is the envelope, i.e., the overall 
development. Second, we could forecast the development of the (latest) 
technology used. If we can detect an increasing distance between these 
two, it would indicate a relative saturation in today's technology, and a 
strategy for a radical break-through may be adopted. 

It is not easy to forecast these break-throughs. However, one 
method based on probability has been suggested by Sahal (1976). The 
starting point is the probability distribution of i nventions based on histor
ical data. (For example, 50% probability of making an important innova
tion within 2 years, 80% within 3 years and so on.) This probability distri
bution could of course be attached to a distance between the envelope 
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Figure S. Efficiency of E xternal Combustion Energy Conversion Systems. 
{Source: Ayres (1969)). 

and the technology that is used today. (The probability curve can also be 
made dependent on research effort.) 

4. FORECASTS OF L ARGE SYSTEMS 

4.1 Introduction 
Forecasts of large systems are normally a very complicated matter, 

and one cannot easily identify clear methods. The most common 
approach is to build the system from many minor relations and forecast 
each variable separately. The system outcome is then nothing but the 
sum result of many individual (and interacting) variables, and no method 
or theory for the system as such is needed. However, in some cases there 
are the following special features attached to the use of system forecast: 
interacting probabilities, interacting economies, and global constraints. 

4.2 Interacting Probabilities 
A system usually consists of many interrelated subsystems. Each of 

these subsystems is associated with a probability distribution regarding 
future development. In order, for instance, to develop a new product, we 
have to develop three subsystems, Al, A2, and A3. The probability of 
"success" in each of these subsystems can be described by a function 
relating time and research effort (in value) to a probability figure. Sup
pose now that the subsystems have to be developed in a certain order, so 
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tliat first Al, then A2 and finally A3 have to be developed. The probability 
of developing the total system PT is the sum product of all subsystems 
probabilities 

pT _ pl.p2.p3 (14) 

Let us assume that we want to know the best strategy (i.e., lowest cost) 
for which the probability of the total system is 50% at year T. We w ould 
then (by iterations) choose the distribution of research efforts 
C y + C2 + C3 that fulfilled 

MinCj +  C 2 +  C 3  

ST 
pT - pi .p2.p3 = 0.5 

7- = * i + t2+i3 (15) 

If s everal T's and probabilities are chosen, this would result in an "effec
tive frontier" for the whole project, i.e., relation between overall research 
effort and time of development and probability of success. This method 
has been used to forecast the future of t he tokamak fusion process (Vans-
ton et al. 1977). 

This basic model can be extended in several directions. Let us 
assume that the subsystems are not dependent on each other in time, so 
that they could be developed individually. The overall probability of suc
cess would be the same, but total time would now be 
T - Max ti i = 1 ,2,3. Another application of conditional probabilities 
in large systems has been suggested, based on Godet et al's (1976) 
cross- impact method of forecasting. Let us assume that we deal with 
three distinct "Events", E1 , Ez . < which interact with a certain proba
bility. Each event has its own probability. Let us assume we have the fol
lowing scheme: 

If th is event 
occur — then the probability of t his event is 

*1 E 2 Es 

Ey 
(0.5) 

0.8 0.2 

Ez 
(0.6) 

0.9 - 0.8 

E$ 
(0.7) 

0.3 0.5 -
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A "non-occurrence" matrix is also constructed from this matrix 
using ordinary statistical definitions.^ By using computer algorithms, 
the total dependent probability figures can be calculated. These new 
total figures could be used for scenario studies since they tell us "If e vent 
X takes place, what is the probability that event Y will occur?" 

Finally, when using large systems to forecast a certain development 
the uncertainties involved must be underlined. When two events, each 
associated with a certain probability, interact, the most common case is 
that the overall probability is a product of the individual probabilities. 
Since large systems often include many such smaller parts, the system 
outcome (i.e., all smaller parts obtaining a trend value) is in most cases 
associated with an extremely small probability. 

4.3 Interacting Economies 
When studying a large system from an economic point of view, one 

must take into account the interactions that follow. For instance, if we 
study a firm, we can calculate the effects on output sold and inputs 
bought of a partial increase in wages or in some other price. But if we 
study the whole economy, we must assume that an increase in wages 
affects all sectors. The total outcome may therefore be radically dif
ferent in these two situations: In the case of t he firm, labor will most cer
tainly be substituted for other inputs since the relative price has gone up 
while in the other case, we will probably end up with a more or less pro
portionate increase in all prices since labor is the only primary input and 
everything is directly or indirectly, produced by labor. 

The interactions of an economy is normally modeled in an input-
output system, showing the amount of commodity i it takes to produce 
one unit of product j. Given such a model, we can follow the changes 
throughout the system and analyze, for instance, what would happen to 
steel production when car production drops by z%. We can also calculate 
the "total content" (i.e., direct input plus+ input in intermediates) of 
various resources, e.g., labor, energy, "knowledge" in end products, thus 
calculating the overall effects of, for instance, an increase in prices of 
primary resources. An input-output system may be used in several ways 
for forecasting purposes. 

Let us assume that we can forecast the development of a technology, 
and that our prediction is that it will use ft'(i= 1, . . . ,n) units of inter
mediate good i (per unit of output) in year t. Now we would also like to 
know something about the future cost of these intermediates. One way to 
calculate them is to assume that the absolute cost of go od i, is 

Pi = (1 + a) w Li (16) 

where w is the wage rate, Li equals direct plus indirect labor content 
(=labor value) and a equals the profit margin. Since we are probably 
interested only in relative prices / Pj , we find Pi / Pj = I* / Lj (if a and 
w are assumed to be constants). Li can easily be calculated from an ordi
nary input-output table and tomorrow's value can thus be calculated from 
tomorrow's national input-output table. If we assume that tomorrow's 
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table is today's best practice, we can obtain direct knowledge of 
tomorrow's technique directly from today's data. 

4.4 Global Constraints 
The third special feature of large systems is global constraints. The 

nature of these are quite obvious. If we forecast the development of an 
industry we need not take into account total labor supply, since the 
industry is small compared to the whole economy. On the other hand, if 
we forecast development of total GNP, labor supply constitutes one of the 
most important limitations. Some of t hese global constraints are: 

(i) Total (active) population 
(ii) Total amount of p hysical resources 
(iii) Total possible environmental damage 

It must also be remembered that many equilibrium conditions must be 
fulfilled on global level e.g., 

(i) Total export = total import 
(ii) Total production = total consumption 

&. AN EMPIRICAL ILLUSTRATION -SUPPLY AND DEMAND 
FORECASTS FOR THE FORE ST SECTOR 

b.l Introduction 
This section will present some forecasts relevant for the forest sec

tor although the analysis is very rudimentary, and only simple relations 
and pieces of informations are used. Materials relevant for both supply 
(Section 5.2) and demand (5.3) forecasts are presented with special 
attention given to forecasting for developing countries. 

5.2 Forecasting Paper and Pulp Technology 
S.S. 1 Labor Input figuras. 

Labor input per unit of output decreases both as a result of te chnical 
progress and because of increasing scale. These two effects must be 
separated. Let us start with the relationship between labor input and 
scale. For a sulphate mill using the best 1965 technology, this relation
ship is shown as a solid line in Figure 3.'-10-' From other sources* * we can 
obtain point figures (i.e.. input figures for only one output level) for a new 
pulp mill at different times. These are displayed in Figure 3 together with 
the year of observation. Suppose now that the labor-scale relation has 
remained relatively intact, but shifted upwards (or downwards). Taking 
the points on the solid lines as 100%, we obtain percentage figures for 
1969, 1977, and 1979. These percentage figures tell us the labor consump
tion at year T in percentage of 1965 best technology. These figures are 
displayed in Figure 4 together with a trend estimate. The trend indicates 
a drop in labor consumption (for all output levels) of about 20% in ten 
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Figure 3. Labor Input for a Sulphate Pulp Mill. 

years. This amounts to an annual average of approximately 2.2%. Thus, 
our forecast is 

LJ = Lj965 • e-°022(' ",965> ( 1 ?) 

where 

L\i - labor input of a mill of capacity Q at year t 

This means that labor input will b e reduced by 50% in 31 years (at all lev
els). 

5.2.3 Capital Input Figures 
The foregoing analysis is not easily repeated for capital input. Here 

we must take into account the effects of rising prices since the capital 
quantity is a price-based measure. Let us start with the scale-relation. 
This is shown in FAO (1973) for every type of mill and every scale. If we 
study capital cost at one output level and for one specific type of m ill, we 
would, in the case of constant prices, expect an increase in capital costs 
due to 
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figure 4. Labor input relative to 1965 technology as displayed in Figure 3. 

(i) capital-labor substitution 
(ii) capital-energy substitution 
(iii) increasing anti-pollution equipment (especially 1970-1980) 

On the other hand, we would expect a decrease in capital consumption 
due to technical progress (i.e., increased productivity in the capital pro
ducing sector). Let us for the sake of s implicity assume that 

P/i.O = price of i nvestment good I a t time t 
A = constant 
W(t) = Wage rate 
L j { t )  =  amount of l abor needed at time t to produce the capital good 
S{t) = a factor expressing the effects of s ubstitution 

If we i ndicate growth rates with a dot (e.g,,dw / d t / w =it») we have 

P j ( t )  =  W ( t ) L r ( t ) S ( t ) A  (IB) 

where 

Pj = W + L/ + 5 (19) 
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a = o) 
The growth of i nvestment cost is the sum of (i) wage growth ( i i )  labor 

productivity growth in the capital producing sector and (iii) the rate sub
stitution. 

It seems quite obvious that the increase in labor costs (W) the main 
factor behind the dramatic increase in investment costs in the forest sec
tor. Since this affects all sectors and all products, the interesting meas
ure for forecasts is P — W, i.e., the change in investment cost net of 
increases in wages. We have the figures shown in Table 2 for the period 
1968-1980. Taking trend values (see Figure 5), yields: 

(i) Pulp mills 1968-1976 
P - W = -0.0127 

(ii) Paper mills 1968-1980 
P -  W =  -0.0307 

Table 2. Index-series for investment in pulp and paper mills. 

Year Paper mill with 8.5m Pulp mill Index for labor 
paper machine (constant capacity) costs per hour 

Total Investment per (Sweden) 
Investment capacity unit 

1968 100 100 100 100 
1969 112 104 108 110 
1970 122 114 120 120 
1971 138 120 128 132 
1972 150 127 140 145 
1973 172 143 160 162 
1974 194 168 189 194 
1975 232 180 220 233 
1976 264 193 240 276 
1977 288 214 n.a 300 
1978 332 232 n.a 333 
1979 372 254 n.a 369 
1980 412 279 n.a 400 

Sources: Column 1 and 2 - Troil and Salama (1981); column 3 - Unit
ed Nations (1978); Column 4 Statistisk Aersbok foer 
Sverige 1970-1980. 
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The sum effect of technical progress and substitution is thus to decrease 
capital cost per unit with 1.3% in the pulp and about 3% in the paper 
sector.*12^ 

There is every reason to assume that this development will continue 
since Lj , i.e.. productivity development in the capital producing sector 
will probably continue as before. S will probably decrease, since the '70s 
witnessed a massive increase in capital due to (i) environmental legisla
tion, and a drastic increase in energy prices. If the environmental legisla
tion now remains the same, then the cost of c apital need not increase; the 
same reasoning applies to energy prices. Since the effects of anti
pollution measures were only about 0.7% per year, we can fairly safely 
predict that capital cost will change about -4.5% for paper mills (-2.5 to 
3.5% for pulp mills) plus an increase in wages in the next decade. There is 
thus little empirical support for the wide spread fear of e xploding invest
ment costs. 

5.3 Costs and Technology for Developing Countries 
The calculations made in 5.1 referred to new pulp and paper mills in 

developed countries. It is quite obvious that since production conditions 
differ in the developed and the developing world, forecasts have to 
include other factors when dealing with the latter group. This section will 
present some empirical material relevant to the special features for tech
nology forecasts in developing countries. For comparison, I will concen
trate on labor and capital input figures. 

5.3.1 Labor input Figures in Different Regions 
While I have not found a report giving physical labor input figures for 

new plants in different parts of t he world, there are indications that these 
are considerably higher than for developed countries.^13-' A loo k at the 
Figure 6, average productivity of t he pulp and paper sector, verifies this. 

Average productivity in the pulp and paper sector is the vertical axis. 
(Measured as produced pulp plus paper/number of employed persons in 
the pulp and paper sector We find a clear linear relationship with 

In(Prod)« -2.30 + 1.0 ln(y) (20) 

(Prod = productivity tons/employee; Y = income/capita USS1969) or 

Prod w 0.10Y (21) 

Productivity is thus linearly related to per capita income. As i ncome in 
the developed countries is about ten times higher than in the developing 
ones, we have to calculate using an input figure about ten times higher 
than that for the world. The difference in plant size accounts for this 
huge difference as indicated in Figure 4. 
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Figure 6. Average per capita income 1969 (US$/capita) in countries vs 
productivity in the pulp and paper industry (ton paper plus pulp per em
ployee). Double-logarithmic scale. 

The picture is not very clear, but a log l inear relation (approximately Y w 

e4,01 * (plantsize)0,65) is not a bad approximation. The reasons for build
ing small plants in the developing countries is of course (i) limitations in 
markets, transport and capitai, limitations. 

The point is that a forecast of technology (in this case labor input) 
has to rely on a forecast of income/capita. The safest assumption seems 
to be to rely on relation (20), together with the "shift-parameter" esta
blished in the preceding section. 

5.4 Capital Input Figures in Different Regions 
Contrary to what is commonly believed, expert opinions confirm that 

the cost of investment is not lower in developing countries.'15-' The only 
quantitative information available here is from Troil and Salama (1981), 
where the figures shown in Table 3 are given. Capital cost is thus 50% 
higher in developing countries as compared with Europe 

J D  =  I e  ( Y d /  YE ) a  (22) 
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Figure 7. Average plant size in the paper and pulp industry vs national in
come per capita 1969. Double-logarithmic scale. 

Table 3. Cost of i nvestment in different regions. 

Europe US (South) Brazil Developing Countries 

Total cost ot w 
Investment 
Infrastructure 5 5 20 30 
Total cost 105 105 135 150 

where 
ID = Investment cost (for a given plan) in developing countries 
Ie = Investment cost in Europe 
Y d ,Y e ,  = Real per capita national income in developing countries 

(D) and Europe(E) 
a= parameter < 0 (a»-0.17 since I D  -  1.5. - I e  when 

y f l / I f c - O . lO ) .  
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The explanation for this is that it is probable that the cost for machines, 
infrastructure, etc. will be more similar when national income becomes 
more equal. 

5.4.1 Prices and Costs in Different Regions 
The cost of labor and wood differ significantly among regions in the 

world, as seen in the Table 4.^ Assuming a consumption of 5m3 wood 
per ton of paper, this means that the Brasilian plant can operate with a 
labor input figure 23 hours/ton higher than a Swedish plant and still have 
about the same variable costs per unit. When forecasting those costs, the 
strategic variable should again be the per capita income since wages and 
costs of cutting, transportation, etc. are directly proportional to that 
variable JHowever, the natural differences regarding, for example, cli
mate, must be taken into account, so that different equilibrium prices for 
wood will emerge for the same wage and/or per capita income figure. 

Table 4. Costs for labor and wood in different regions (approximate fig
ures). 

Finland Sweden W. G ermany US Canada Brazil 

U S t / m ™  3 3  3 2  4 3  2 0  2 6  1 6  

îfsbî/hrsSt 87 116 123 126 133 345 

5.5 Some Comments on Demand Forecasts for Different Regions 
Demand is one of the strongest forces influencing the path of t echni

cal progress. This is especially true for developing countries where the 
growth of national demand leads to an increase in plant size, thus adding 
scale effects to the overall gains in productivity. An important element in 
technological forecasting is therefore the demand projections. From the 
theory of i ndividual consumer we have 

CÌ= fiiYi.pi'P*) (23) 

where 
c/ = Person i 's consumption of goo d j 
Yi = Real income of p erson i 
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Pj - Real price of product j, P* = real price of a substitute (we 
assume that there is only two goods) 

For short run studies, we can assume that Y^ is fixed, thus 

c (  -  g j { P * ' P s )  (24) 

However, when long-run development are considered, variations in 
income outweighs variations in prices, so 

Ci = hi(Yi) (25) 

It is are worth noting that first, consumption is expressed as consumption 
per individual and second, income is income per individual. Forecasting 
the demand of a group of persons (e.g., a population within a region) of n 
persons is thus a question of adding n demand functions. 

The implication is that when we want to forecast demand for a 
region, we w ould rather start with a relation between per capita consump
tion and per capita income, and multiply by population Total growth of 
demand is obtained by forecasting (i) population growth; and (ii) growth 
of per capita income. Some material from the forest sector will provide 
an illustration. One very important question to be answered is whether 
the developing countries will h ave the same consumption pattern, as the 
industrial world has. If t hat is the case, we only need to establish the glo
bal relationship between per capita consumption and per capita income. 
Such relations have been established earlier. The findings indicated 
that 

C = A • Y (26) 

Çc = consumption of paper and paperboard per capita at national levels; 
Y = Income per capita at national levels.) 

My findings do not support this formulation. In Figure 8a - 8d, I have 
plotted (in double-logarithmic diagrams) per capita consumption of dif
ferent paper products against per capita income.^1" 

I shall not comment on these figures separately, since they show more or 
less the same pattern. First, we have a segment with very low consump
tion and income figures (<1.0 kg capita, < 200-300 USS/capita) where 
there seems to be a very low casual relationship between the variables. 
This is what we would expect since things like schooling, infrastructure, 
population density etc. rather than per capita income determine demand 
at these low level (i.e., societies at very low i ncome levels are so diversi
fied that we cannot expect a simple and common relation). For levels 
with consumption >» 1.0 kg/capita we find a relation of about the same 
form: 

ln(y) = ax + o2ln(C)a (27) 
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where aj,a2 and a are parameters with a2>0 and a > 1. As the elasticity 
of i ncome, e'18-' is the log-derivative , we find that 

1 1  -  ~ —  1   
e=—•— ln(r)a (28) 

dg o. 

where e is the elasticity of i ncome. Since a > 1, we find that the elasticity 
tends towards zero when income per capita increases. 

A formulation like (27) means that consumption per capita grows 
without limit when income increases. This is not realistic but we can 
easily introduce a consumption limit in our model. (The fact that a > 1 is 
a support for such a limit.) A suitable formulation is 

In (C) = òo+bjOO' (29) 

with 

e =  6, ß ( Y ) f  (30) 

with 

e > 0, d t /  d y  < O.lime = 0 
Y-*-

The question now is whether or not the relations displayed in Figures Ba -
Bd a re stable. Do countries just move along this path when income rises? 
To answer this, Figure 9 calculates the figure corresponding to Figure Bd 
for 1979. 

When compared with Figure Bd, one can see that the curve has shifted 
upwards. If t he formulation 

InC = a, + bi{ln?)7 (31) 

is used, then the shift parameter a} is lower in 1979 than in 1969. 
Translated to a non-logarithmic scale, this shift can be illustrated by Fig
ure 10. 

Apparently, the developing countries do not follow the path set by 
the already industrialized nations. They will at every given level of per 
capita income have a lower consumption of paper products, perhaps due 
to the "new" technologies available (e.g., radio and television as products 
competing with newsprint.) Thus, the appropriate demand forecast 
should in addition to the income forecast (i) forecast upper consumption 
limit; (ii) Measure and forecast the shift of the relations displayed in Fig
ure 10. 
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Figure 10. Graphic illustration of the shift of consumption-income rela
tion between 1989-1979. (Observe linear scale) 
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NOTES 

This concept was introduced by Chenry (1949). For a modern sur
vey. including several empirical examples, see Wibe (1982). 
This transformation from engineering to economics is studied in 
Wibe (1980) and summarized in Wibe (1982). 
For a study of t his, relevant to the forest sector, see Wibe (1981). 
The utility function with characteristics as arguments was intro
duced by K. L ancaster in his path-breaking study (1971). 
The utility functions do of course change as an indirect result of 
technological progress. 
There exist several books dealing with methods of technological 
forecasting e.g., Jantsch (1967), (1972); Ayres (1969); Martino 
(1975); Bright (1968); Dodge et al. (1975). The ideas presented 
here are taken from all these books and from articles in "Techno
logical Forecasting and Social Change". 
Since this latter aspect will affect the individual utility curves.. 
Some of these can be found in Ayres (1968) p.81-82. They and 
their impacts are discussed extensively in Wibe (1982). 
See Stover (1973). 
Source: Wohlin (1969). Wohlins' figures are based on engineering 
evidence by Jaakko Pöyry. 
These sources are FAO (1973), United Nations (1978), and "Skogsin
dustrin..." (1979). 
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The reason for this difference is that technical progress has 
increased the paper producing capacity of a n B.5m m achine by 30% 
during the period. No s uch development can be found on the pulp 
side. 
See for example FAO (1973), UNIDO (1971). 
Sources: For national income, United Nations Statistical Yearbook. 
For pulp and paper production, FAO (1970). For number of e mploy
ees, UN "The growth of world industry" 1973, ed. Vol.1 ISIC 3411: 
Pulp and paper etc." Figures relate to activities in 1969 (Excep
tional cases 1970 or 1968). 
UNIDO (1971) 
"Skogsindustrin..." (1979) 
See FAO (1973), p.244. 
Sources: For consumption figures 1969, FAO (1973). For income, 
UN Yearbook. 
The definition of t he income elasticity is 

where Q is quantity and Y income. 
Sources: For consumption figures 1979, I have taken Production + 
Import-Export from FAO (i960) . (I have chosen only those coun
tries with positive production.) By comparing these figures with 
FAO (1973), I obtained average annual growth 1969-1979. Figures of 
average population growth and GNP growth (1970-1977) were 
obtained from the World Bank World Tables (2nd edition 1960). 
These average growth rates were assumed to prevail even 1978 and 
1979. By combining these rates with the income-consumption fig
ures for 1969 (see note 16), I obtained figures for 1979. 
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