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FOREVORD

Nacro-econometric impacts of modern production automation are at
present widely discussed in special literature. The current paper describes
a neoclassic econometric growth model for the analysie of various scenarios
of automation dissemination and its impacts on economic growth. The results
of some experiments are given in this paper.

Its relevance to the CIX activity is as follows: the approach under
consideration provides an instrument for the study of structural and
technological changes (their influence on growth rates, labor and capital
productivity) based on the diffusion of a cluster of automation
technologies. As a consequence of their dynamically changing technical
characteristics and their close connection to many directions of
Technological Advance, these technologies constitute a significant and
rapidly expanding sector in the economy. This is why the special study of
the problems of development of this sector is useful within the framework of

the CIM activity.

Prof. F. Schmidt-Bleek Prof. J. Ranta
Program Leader Project Leader
Technology, Economy, Society Computer Integrated Manufacturing
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SUMMARY

This paper describes an econometric growth model of the neoclassic type
for the analysis of changes in the technological structure of the econonmy.
The main purpose of the model analysis is to compare the influence of
different investment policies on the formation of the technological
structure in the economy and to estimate its impacts on basic economic
indicators of growth and efficiency.

The central model construction consists in the disintegration of the
whole economy into three techmological levels (high-tech, medium-tech and
low-tech). The development of each level is described by its own production
function (CES or the Cobb-Douglas type)>. The levels are added by capital
formation, investment and the labor demand models. All of them are united
in one economic growth model. The long-term development for these three

levels is illustrated and forecasted up to the year 2010.
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TECHNOLOGICAL STRUCTURE OF ECONOMY AND AUTONATION: AN ECONONETRIC MODEL TO
ANALYZE INVESTMENT STRATEGIES I[N AUTOMATION

1. State-of-the-Art

Intensification of economic growth supposes changes in the

technological structure, and, first of all, improvements in the quality of
production machinery equipment used in technological processes [1]1. These
improvements depend mainly on the advantages in the capital producing
industries, especially in the engineering industry. The most important
factors of the intensification process are robotization and computerization
of production [4].

There are tremendous opportunities for improving the labor productivity
to increase the technical level of production in the economy, primarily
through the creation of new automatic production lines. A corresponding
redesigning of the operation of the enterprise should lead a processing
technique toward flexibility and be effective enough to connect the
production pracess with suitable methods of process control. Just these
elements of modern production automation can considerably improve all
components of the technical level of production.

In fact, the technical level of production is defined by the following
components:

1>  technical level of products produced;

2) technical level of machinery and equipment used in the production

processes;

3 technical level of technological process control.

These three components determine production techmology in the wide
sense of the term.

Vhen there is a need for frequent changes to improve consumer
characteristics of products produced and when there is a scarcity in
production resources, it is automation that offers an opportunity for a
considerable increase in the technical level of production (see, e.g., [(31).

Speaking of machinery systems and having in mind the automation level
of production processes, the following types of equipment may be identified
on the basis of their technological and functional parameters:

Type I: Machinery and equipment used for mechanization and automation
as well as for separate operations in production. These systems are based

on production machinery with semi-automated and manual control.



Type Il: Automated production systems based on fully automated control
by separate machines along with the use of minicomputers (of the first and
second generations), numerical control (EC), automatic control (AC), machine
tools, etc. The machinery and equipment systems of this type are based on a
much more expanded structure of the main technical elements: machines for
transformation of power (engines, transformers, current generators, etc.),
machine tools, handling equipment, and control systems.

Type 11l: Complex automated systems of production are based on fully
automated control with devices for adaptation to external influences and
self-diagnostics, with micro-processors, micro-computers combined into local
networks and multi-functional devices (flexible manufacturing systems,
computer-aided design, etc.).

Considering the decisive role of automation (and mechanizatiom) in
raising the technical level of production at the present stage of
development of science and technology, the following scheme of analysis of
the technological structure of the economy has been suggested. V¥ith regard
to the classification of machinery and equipment according to the degree of
their automation and mechanization, all the production links of the economy
have been divided into three interconnected macro-groups (clusters) of
enterprises.

Sector A includes enterprises with technological processes based on
machinery and equipment of a high automation level.' Since the degree of
automation and mechanization of production processes has been taken as a
criterion of division for macro-groups, the given enterprises have been
attributed to sector A, as they are based on integrated and complex
automation and comprehensive mechanization of techmnological processes. In
terms of the description given above, the enterprises of types Il and I[II of
machinery and equipment belong to Sector A.

Sector B consists of those enterprises which, on the whole, use
technological processes based on machinery and equipment of the "average"
automation degree, i.e., which have separate, complex mechanized and
automated processing lines and productive departments. Thelr basic
production comprises the machinery and equipment of types I and I1.

Sector C includes enterprises with low automation and mechanization,
characterized by automation of separate operations irn production and by

using semi~automated machines and autonomous automatic lines. The share of

'The present classification is not based on ISIC, but on special
indicators from Soviet statistical data.



manual labor is high, combined with a wide use of machinery and equipment of
earlier generations.

The main purpose of the analysis is to determine the economic
conditions for the progressive change in technological structure,
characterized by the ratio of these sectors (A,B,C), taking into account the
following indices: volume of gross and net product, volume of fixed and
current assets, labor and manufacturing expenditures and total plant
investment.

Putting machinery and equipment into operation at a particular level
for each sector depends on the relative investment strategy. Since each
sector of the enterprises has 1ts own natural development reflected in
corresponding economic indicators (say, 1n changes of return on investment
or in changes of factor productivities), the growth rates of the economy and
other macro-economic indices depend greatly on the interrelation dynamics of
these sectors. To estimate the different ways of production automation in
the economy, 1t is thus necessary to analyze and compare the different
investment policies of technological structure development.

Two main ways of intensifying the investment policy are: the investment
in new machinery and the modernization of production, which transfers
machinery and equipment from sectors B and C to sectors A or B. These two

ways were considered as key factors in the following model.

2. Formulation of the Dynamic Model of the Economy with Differentiation by

Automation Levels of Production

The operating process of each economic sector is described here in a
special production function derived from thoroughly analyzed statistics of
the last decade. The analysis of statistic data shows the principal
difference between the sectors -- in labor/capital productivity, growth
rate, etc. The functioning of each sector is regarded as interlinked with
the other sectors; therefore these sectors are connected through balanced
relationships (by investment, capital, labor resources, etc.). The mpdel
consists of several blocks: investment policy, capital formation, total

employment dynamics, and production function (see Figure 1).

Block of Investment Function

Variant 1. The investment function is based on the hypothesis of

relative constancy of the accumulation rate in the economic system:

I\. = I‘Yt._l - IP\ (1)
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where

r = coefficient of investment function defined on the basis of
analyzed retrospective data;

I, = volume of investment in year t planned for putting machinery and
equipment into operation;

Yoo, = gross output in year t-1;

IP, = volume of reinvestment to support the current technical level in

year t.

Variant 2. The investment function is based on the hypothesis on the
definition of the quantity of "desirable fixed capital”. It is Grunfeld’'s
hypothesis which looks upon "desirable fixed capital” as a linear function
of current gross output and investment of the previous year:

Im =r, + rzyt + ralth - IPt 2>
where

Ty, rz, 'z = non-negative coefficients.

Block of capital formation

The dynamics of fixed capital may be expressed as a system of equations
to describe fixed capital changes in the three sectors simultaneously.
Growth in the fixed capital is determined by either new construction or
technological renovation. The replacement is a natural way of liquidation
of obsolete machinery and equipment and of the transfer of some of it to a
higher level in the renovation process. In experimental calculations the

following system of equations has been used:

Kea = Kemvatl-pa) + BH(1-LTMLYaI, + BTLTMLTMI, +

+ ™™ rc abc aki-1c t BT™ e b nKe-1a 3
K‘,a = Kt-—'lB(l-pB) + BH(]_—LTN)LHBI‘. + BTMLTM(]__LTH‘.)I‘. +

+ B ebc eke-1c = S aKe-1m 4
Kt.(_‘ = Kt,—-']c(l'}lc,) + BH(l_LTN)(l-LHQ_LHB)IL - <6c/e+6c/‘|)x1,—1c 9)

where



Kia,m.c = volume of fixed capital used in technological processes at

automation levels A,B,C, respectively, in period t;

Ie = total volume of investment in year t;

1-gn = integrated coefficient of incomplete construction;

g™ = coefficient of investment utilization in fixed capital renovation
process;

Ma.e.c = coefficients of liquidation of machinery used at levels 4,B,C,
respectively;

L = renovation process investment share, them L™ = 1-L™™ (L"” - share
of investment in new construction process);

Loy = share of the renovation investments in the renovation process at
level A, then L™g = 1-L™™4 (L"™: = 0@ by definition);

L"a.s = share of the new construction investments in the new comstruction
process at levels A,B respectively, then L"c = 1- L"a - LYa;

641,32 = share of fixed capital which is intended to be transferred from
level j1 to level j2 during the renovation process;

Tsv,32 = share of transferring the capital (from level jl1 to j2) left after

the renovation process.

in equation (3) the fist member reflects a decrease of the volume of
fixed capital used in technological processes of sector A by the quantity of
ligquidation as a result of full senescence. The second member determines the
course of investment in extensive growth of fixed capital at level A, i.e.,
new construction. The third equation member defines the course of
investment in the replacement of fixed assets by other ones at the same
technical level. The fourth member describes the removation course of fixed
capital at level C up to the production plant and equipment of a higher
level, namely, of level A, The last member defines the course of renovation
of fixed capital at level B up to technologies of a higher technical level,
nampely of level A. The members in equations (4) and (5) can be explained
analogously.

The most complicated problem is to define the share of capital transfer
from a low to a higher level during the renovation process.

For the C level this share is:

bcra + 6ce =8
then

§cra=6c 6

and

(1-6c) - 6 (6)

60/9



where

6§ = common share of fixed capital transferred from level C to higher

levels, and 6. to the highest level A only.

Parameter 6§ is defined by the least-squares method on the basis of

equation:

Kt—]c‘;(l_pc‘:) - K(,c + BH(]."LTH)(J._LHA_LHB)I(. = 6K1,—1c: + e (7)

where e, is the appropriate error term.

Then equation (3) can be rewrittern as:

<R -
6 q‘B/Qt -

Eva-Keor1a(1-pad =B (1-LT™MLHA L -BTLTLT" Al - B "™ c, ab bKe-1c

= ) (8)
| PPN . R
and equation (4) as:
8¢4°s a0 =
Ke va(I-pa)—KegtB" (I-LT™ LHa L 4 BTL ™ (1-L ™) [+ +BT™ e, a (1-6 ) 6Kt mnc
K\.-— 18
(9)

To estimate the equation system of capital formation (3)-(5), it is

necessary to find thirteen parameters:

BTM! BH' PA.E‘;C: LT”AD LTM' LH‘\,B) Tcras Torey Tesas 6Cl
such as to meet the equation:
6(3)

aat = 6§ uac teT (19>

This is a mathematical programming problem of a rather common type with

concave functional and linear limitations:

F= 1 62 g,ar = §%*°m,ae)2 =0 min
teT



0.5 < Brn.7m < 1, 0.000]1 £ pa.m.c = 0.5
L™ <1 @ <Ly X1
< LPa,e 21 0 < 1Te.a =1
L Tera <1 ¢ £Tce =<1
Q@ < 6¢ <1 (11

The combined method of conjugate gradients and penalty functions 1s
used here. Through the least-squares method the parameters found give us
the quantity of the share of fixed capital to be transferred from level B to
a higher level A - 6.4,

Block of total employment dynamics

The model includes the equation of total employment defined by labor
employed and fixed capital at the given automation level j} in the year t-1

and by the increment rate of fixed capital per worker E,.

LB‘,—'] J
LBtJ = - KLJ/(1+EJ)
Keovs
where
LB.y = total employment at level j in year t;
K.; = volume of fixed capital t at level j in year t;
E;, = increment rate of the fixed capital per worker at level j.

Block of production functioms

The production function expresses the correlation between different
technologically available combinations of production factors and results,
i.e., the net product output Y,, for the j-th automation level. In this

model version the CES-functions were used:

YJL = thn d AJ'QXP‘t—LO)PJ'[bJ'(KJL/KJLn)—SJ +

+ (1-b3) (LB /LB, ¢,) "®3]1 V75, (12>

where
to and t.
AJv PJ; bJ) SJ

initial and normation periods, respectively;

parameters of the CES function for the j-th level,
in our case they were calculated by Newton’s
modified method.



The common gross output volume is defined as a summary at three levels:

Y, = I Y. (13)
i=A,B,C

3. Nain Stages of Model Usage in the Analysis of the Technological

Structure of the Econony

The first stage of the analysis consists of revealing gqualitative
trends which take place in the economy.

The main experimental results are the following. Scrutinizing
production processes at different automation and mechanization levels during
the retrospective period (1970-1985) reveals the existence of rather steady
trends in the changes of labor productivity, returns on investment and fixed
capital in different industries of the USSR economy.

The highest labor productivity is achieved in enterprises of sector 4;
the level of capital productivity was slightly less here thanm in the whole
economy, but it is now rising. However, the dynamics of the high sector A
and the lower sectors B and C during the last fifteen years have, in fact,
been determined by contrary tendencies (see Figure 2). There is some growth
of labor productivity in sector B, but the level of capital productivity is
intensively decreasing. In sector C we can see a considerable increase of
labor employed in production processes and a decline of capital
productivity. These factors show great significance with regard to
differentiating sectors A, B, C for decision making and planning. Another
conclusion is that we must accelerate the speed of growth in sector A, to
give priority to its dissemination in the economy. To obtain reliable
results for the practical decision making process the quantitative measures
are necessary, and the present econcmetric model provides an approach for
their implementation.

The second stage of the analysis deals with problems of finding
quantitative parameters of the relationship between the main macro-economic
indicators and the technological structure. At the same time we perform a
verification of the model adequacy, estimating and speclfying additional
parameters which are not available in the statistics reported, but are
included in the axiomatic basis of the model.

Taking into account the model parameters obtained and specified after
verification of the model adequacy, it is possible to forecast alternative

technological structures of the economy, as well as to compare corresponding



-10-

cp A'1 1.09 | 1.10 | 1.14
1.1 A ‘
- /.————-*—”‘ B | 1 | 100 | 08 | 075
10 = i
09 >~
' =~ C 1 0 7 .59
08 S N l | 086 | 072 | 05
0.7 e ~ B
0.6 | -OC

f —— 1 —>

1970 1975 1980 1985

t (year)

Figure 2. The dynamics of capital productivity for three automation levels in the period 1970—1985
(each indicator is presented relative to its own level in the year 1970 and defined in 1970 as 1).



-11-

investment policies and technical strategies of economic growth (see
analogous approach in [2]1).

The correlation between volumes of production and different levels is a
control quantity in the model and changes according to the wide range of
parameters. In the estimation procedure these have been obtained by their
fixation in the retrospective period. On the basis of a considerable number
of computerized calculations these parameters have been divided into four

groups according to the degree of their influence on economic growth.

The first group of control parameters includes the indicators of

investment distribution according to the automation levels of production in
the renovation and in the new construction processes. These parameters are
as follows: L™, LH,. s, L™,

The second group contains eleven parameters and consists of: paec, B-,
B™, Tesa,cse.csay 8msa.crm.cra. The changes of the given parameters are of
particular importance for the technological structure of the economy. First
of all, they influence the life cycle of the machinery used in technological
processes. There is also a close dependence of the proximity of technical
parameters of the different levels on the fixed capital flow from one
automation level to another.

The third group includes the increment rates of fixed capital per

worker of sectors A, B and C. As the analysis reveals, the achievement of
desirable growth rates in gross product and labor productivity is as a rule
impossible on the basis of changes in the first and second groups of
parameters only. It is necessary to change the third group. These changes
can only be provided by a wide variety of technological processes, and,
first of all, by substituting older technologies by newer ones.

The fourth group of factors includes the rates of accumulation. They

are characterized as extensive factors of changing the macro-indicators of
the economic system.

Regarding the degree of the model sensibility to the above described
groups of indicators, a considerable range of purposeful forecasts may be
calculated with respect to the dynamics of the technological structure of
the economy. Let us consider some of them, obtained on the basis of
computerized forecasting data of the USSR economy.

Variant 1. This version of a forecast gives an opportunity to consider
a kind of dynamics which will not entail any principal changes in the
investment policy. The following quantities have been given as known

beforehand:
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LB, = demographic forecast of capable working population in the
forecast period;

r = coefficient of the investment function (of type (1))
estimated on the retrospective period.

The production function of each sector (4,B,C) is set and the values of
all the parameters in the model are defined. The dynamics of these
parameters as well as LB, and r are control parameters of the forecast and
they are given beforehand. The following indicators have been calculated:
Y, L, K. I, as well as the derivative indicators: ¥/L, Y/K, K/L for each
economic sector and for the economy as a whole.

The main results of the forecast give evidence that, through the choice
of the preservation of retrospective tendencies in the development of the
technological structure, the labor-using technical progress is to prevail,
and sector B increases and defines the direction of the economic growth on
the whole.

Variant 2. The control parameters comprise all four groups of
parameters considered above. The purposeful forecast consists of finding a
technological structure of the economy (or a structure of the economy
according to its level of automation and mechanization) allowing to achieve
in the forecasting period the highest possible growth rates of production.
The dynamics of labor resources in the forecasting period LB, and the
inequality AK, £ Q,,. are taken as initial limitations (where AK. -
introduction of fixed capital in year t, and Q.. - volume of gross
production in capital producing industries).

The calculations were carried out as a four-graded local optimization.
The structure of the investment level, corresponding to desirable growth
rates of production and labor productivity indicators, was achieved by
gradually varying each of the four groups' control parameters (considered
before). It was observed that the growth rate of the main economic
indicators are greatly dependent on the rate of accumulation and investment
distribution by levels A, B, and C. The forecast trajectory of the dynamics
of capital producing industries has been separately calculated as the first
stage of the solution. The results of the forecast showed the need for
outstripping growth of sector A and for declining the lower sectors, and,
first of all, sector C.

Variant 3 of the forecast is aimed at the examination of such a
strategy of dynamics for sector A, where technological processes are to

obtain the highest possible technical level. LB, and forecasted production
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volume of the capital producing industries were taken as limitations in the
forecasting period. The additiornal value of the investment derived as the
difference between the forecast obtained and the forecast by variant 1 was
referred to developing level A. In this case the growth rates of the main
economic indicators slightly differ from those of the foregoing versionm.
The largest growth of national income was achieved through labor
productivity growth and therefore there appeared an opportunity to save
employed labor. A few results are presented in Figure 3.

Variant 4 presents a strategy of dynamics on the basis of raising the
industrial efficiency. The techmnological structure, which should lead to
the highest possible return on investment, as well as to a considerable
increase in capital productivity -- or the lowest possible rates of their
decrease -- was taken as a criterion of choice for the appropriate strategy
of investment reallocation. In the given variant of forecasting, the
percentage rate of complete automation and mechanization systems of
production should be increased to cope with a recession of returnm on
investment.

The results of the forecast carried out suggest a spectrum of versiomns
of dynamics of technological structures. This presents an opportunity to
choose the best versions of growth of the automation and mechanization
processes, to examine possible versions of growth of technological

processes, and to work out a strategy of techmological renewal.



-14-

A
%
80 |
60 |
il |
| A
40 _|_ |
|
|
20
| C
|
| ] | | | [
I | I T | | v
1970 1975 1980 1985 1990 1995 2000

Figure 3. The shares of three types of automation levels in the USSR, in % of the total
national product.
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