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PREFACE 

A joint seminar on flexible automation organized by IIASA 
and the Academy of Sciences of the German Democratic Republic 
took place in Berlin (East) in June'1982. In his paper, P. 
Fleissner from the Austrian Academy of Sciences presented an 
approach for assessing the economic consequences of microelec- 
tronics. During the discussion it was proposed that the model 
be applied to an economic assessment of robotization. 

Heinz-Dieter Haustein 





MICROELECTRONICS AND UNEMPLOYMENT IN AUSTRIA 

R. Dell'mour, P. Fleissner, P.P. Sint 

INTRODUCTION 

This paper presents the methodological background and 
some results of a study llApplications, Diffusion and Socio- 
Economic effects of Microelectronics in Austria", which was 
financed by the Austrian Ministry of Science and Research. 
The study was performed under the responsibility of the 
Austrian Institute of Economic Research and the Austrian 
Academy of Science~(Bundesministerium fur Wissenschaft und 
Forschung, 1 9 8 1 ) .  The authors restrict themselves to their 
research work, which was done at the Institute of Socio- 
Economic Development Research of the Austrian Academy of 
Sciences. 

The paper consists of two parts: 

1. The description of the methodology how to measure the 
impact of technical change caused by microelectronics on the 
Austrian economy. For this purpose a mathematical simulation 
model was constructed which consists of an input-ouput-model, 
an econometric demand model and a model for linking technology 
and economy. 

2. By means of socio.-political scenarios the simulation model 
was used to produce conditional forecasts for the years 1985 
and 1990  for the main economic indicators. Some of the results, 
in particular unemployment figures, are presented. 

Although the presented approach was developed for the 
analysis of microelectronics, a special type of technology, 
the method could easily be used for any other type of techno- 
logical change, robots etc.,if this technology can be expli- 
citly connected with certain economic indicators, like produc- 



t i v i t y ,  manpower ,  m a t e r i a l  i n p u t s  a n d  o u t p u t s .  

METHODOLOGICAL BACKGROUND 

One o f  t h e  t y p i c a l  d i f f i c u l t i e s  i n  a s s e s s i n g  t h e  
e f f e c t s  c a u s e d  by new t e c h n o l o g y  i s  t h e  c h r o n i c  l a c k  o f  
i n f o r m a t i o n . .  A l t h o u g h  a  l o t  o f  i n f o r m a t i o n  o n  t h e  t e c h n i c a l  
l e v e l  a re  a v a i l a b l e ,  t h e  i n f o r m a t i o n  a b o u t  t h e  l i n k  b e t w e e n  
t e c h n o l o g y  a n d  economy i s  r a t h e r  s c a r c e .  On a h i g h l y  a g g r e g a -  
t e d  l e v e l  o f  t h e  n a t i o n a l  a c c o u n t  s t a t i s t i c s  i n  A u s t r i a  n o  
i n f o r m a t i o n  o f  t h i s  t y p e  a t  a l l  c a n  b e  f o u n d .  On t h i s  b a s i s  
a n y  m e t h o d  c h o s e n  s h o u l d  f u l f i l  t h e  f o l l o w i n g  m i n i m a l  p r o p e r -  
t i e s :  

- t h e  m e t h o d  s h o u l d  a l l o w  t o  i n c o r p o r a t e  i n f o r m a t i o n s  
f r o m  d i f f e r e n t  s o u r c e s  a n d  d i f f e r e n t  l e v e l s  o f  a g g r e -  
g a t i o n  

- t h e  me thod  s h o u l d  p r o v i d e  a  f r a m e w o r k  f o r  s t r u c t u r i n g  
a n d  a g g r e g a t i n g  i n f o r m a t i o n s  i n  a  c o n s i s t e n t  a n d  u n i -  
f o r m  way 

- t h e  me thod  s h o u l d  b e  c o m p l e x  e n o u g h  t o  r e f l e c t  p o s s i b l e  
f u t u r e  s t a t e s  o f  t h e  A u s t r i a n  economy u n d e r  d i f f e r e n t  
s o c i o - e c o n o m i c  s i d e  c o n d i t i o n s  

- t h e  me thod  s h o u l d  as w e l l  b e  s i m p l e  e n o u g h  t h a t  i t  i s  
a p p l i c a b l e  u n d e r  t h e  c o n s t r a i n t s  o f  r a t h e r  l i m i t e d  
r e s o u r c e s  ( f i n a n c i a l  a n d  manpower )  a n d  

- t h e  m e t h o d  s h o u l d  p r o d u c e  r e s u l t s  on t h e  m a c r o l e v e l  
o f  t h e  economy t o  r e d u c e  t h e  n e c e s s i t y  o f  p r e m a t u r e  
c o n c l u s i o n s  w h i c h  a r e  u s u a l l y  d rawn  f r o m  m i c r o  o r  meso 
( b r a n c h )  l e v e l .  

T h i s  i m p a r a t i v e s  i n  mind t h e  a u t h o r s  d e c i d e d  t o  u s e  a n  i n p u t -  
o u t p u t  c o n c e p t  a s  t h e  c o r e  o f  a  s i m u l a t i o n  m o d e l .  T h e  i n p u t -  
o u t p u t  f r a m e w o r k  a l l o w s  f o r  a  s i m p l e  a n d  c o n s i s t e n t  s e c t o r a l  
a n d  o v e r a l l  p i c t u r e  o f  a n  o p e n  n a t i o n a l  economy.  To c o n n e c t  
t h e  f r a m e w o r k  w i t h  t h e  l a b o u r  m a r k e t  a s i m p l e  e x t e n s i o n  
was made:  by a  m a t r i x  o f  l a b o u r  c o e f f i c i e n t s  t h e  v e c t o r  o f  
g r o s s  p r o d u c t i o n  was l i n k e d  t o  t h e  number  o f  n e c e s s s r y  h o u r s  
o f  w o r k .  W i t h  t h e  k n o w l e d g e  o f  t h e  a n n u a l  w o r k i n g  h o u r s  p e r  
e m p l o y e e  w i t h i n  o n e  b r a n c h  o f  p r o d u c t i o n  t h e  number  o f  
e m p l o y e e s  c a n  b e  c o m p u t e d .  

B u t  a m a j o r  d i s a d v a n t a g e  r e m a i n s  a t  t h i s  s t a g e  o f  t h e  
m o d e l .  A l t h o u g h  t h e  demand f o r  l a b o u r  i s  w e l l  d e f i n e d - ,  i f  t h e  
f i n a l  demand i s  g i v e n ,  o n e  c a n n o t  b e  s u r e  i f  t h e  f i n a l  demand 
c a n  b e  f i n a n c e d  a t  a l l .  To c l a r i f y  t h i s  p o i n t ,  a n  e c o n o m e t r i c  
mode l  f o r  t h e  d e t e r m i n a t i o n  o f  f i n a l  demand was c o n s t r u c t e d .  
B o t h  m o d e l s  a r e  s o l v e d  s i m u l t a n e o u s E ~ [ s e e  f i g u r e  1 ) .  
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THE INTERFACE TECHNOLOGY-ECONOMY 

S o  f a r  t h e  d i s c u s s e d  m o d e l  r e m a i n s  c o m p l e t e l y  w i t h i n  
t h e  l i m i t s  o f  u s u a l  e c o n o m i c  m o d e l  c o n s t r u c t i o n .  To b r i n g  
t e c h n o l o g y  a n d  i t s  e f f e c t s  i n t o  t h i s  m o d e l ,  s e v e r a l  a d d i t i o n a l  
c o n s i d e r a t i o n s  h a v e  t o  b e  made.  A t  f i r s t  t h e  q u e s t i o n  ar i38s 
a t  w h i c h  v a r i a b l e s  o r  p a r a m e t e r s  o f  t h e  d e s c r i b e d  m o d e l  t h e  
e f f e c t s  o f  c h a n g e s  i n  t e c h n o l o g y  become v i s i b l e .  The  a u t h o r s  
h a v e  c h o s e n  t h e  f o l l o w i n g  s u b d i v i s i o n  o f  a v a i l a b l e  p a r a m e t e r s  
a n d  v a r i a b l e s :  

a )  c h a n g e s  i n  l a b o u r  p r o d u c t i v i t y  p e r  h o u r  c a n  b e  e x -  
p r e s s e d  i n  a c h a n g e  o f  t h e  s e t  o f  l a b o u r  c o e f f i c i e n t s  

b )  a  c h a n g e  o f  t h e  i n p u t  s t r u c t u r e ,  e . g .  e n e r g y  s a v i n g ,  
c a n  b e  r e f l e c t e d  by a  c h a n g e  o f  t e c h n o l o g i c a l  c o -  
e f f i c i e n t s  a n d  

c )  e f f e c t s  o f  t e c h n o l o g y  on  f i n a l  demand c a n  b e  t r e a t e d  
by c h a n g i n g  t h e  v a r i a b l e s  " c o n s u m p t i o n f 1 ,  l l e x p o r t s  ',' 

l l i m p o r t s " a n d l f i n v e s  t m e n t s  7 

A l l  t h r e e  c h a n g e s  h a v e  a s i n g l e  c a u s e  i n  common: t h e  d e -  
g r e e  o f  d i f f u s i o n  o f  m i c r o e l e c t r o n i c s .  An h y p o t h e t i c a l  e x a m p l e  
s h a l l  i l l u s t r a t e  t h e  a b o v e  c o n c e p t :  i f  o n e  c o n s i d e r s  t h e  c o n -  
s e q u e n c e s  o f  t h e  i n t r o d u c t i o n  o f  t e x t p r o c e s s o r s  i n t o  t h e  o f f i c e ,  
p r o d u c t i v i t y  o f  l a b o u r  may b e  i n c r e a s e d  by t h e  f a c t o r  2 .  The 
i n p u t  s t r u c t u r e  w i l l  n o t  b e  i n f l u e n c e d  v e r y  much. One c o u l d  
a s s u m e  t h a t  t h e  n e c e s s a r y  amoun t  o f  p a p e r  w i l l  b e  c h a n g e d  i n  
t h e  t y p e  o f  f o r m s  ( e n d l e s s  f o r m s  i n s t e a d  o f  s i n g l e  p a p e r  s h e e t s ) ,  
b u t t h e r e  w i l l  b e  n e a r l y  n o  c h a n g e  i n  v a l u e s .  B u t  o n e  c a n  e x p e c t  
a  c h a n g e  o f  t h e  b a l a n c e  o f  p a y m e n t s :  l e t  t h e  m e c h a n i c a l  t y p e -  
w r i t e r s  c o m p l e t e l y  b e  p r o d u c e d  i n  A u s t r i a ,  w h i l e  t h e r e  i s n o  home- 
p r o d u c t i o n  f o r  w o r d p r o c e s s o r s .  T h e r e f o r e  a n  i n c r e a s e  o f  i m p o r t s  
o f  t h i s  k i n d  w i l l  b e  t h e  r e s u l t  o f  t h e  i n t r o d u c t i o n  o f  t e c h -  
n o l o g y .  If - on  t h e  o t h e r  h a n d  - w o r d p r o c e s s o r s  w i l l  b e  p r o -  
d u c e d  i n  A u s t r i a ,  a  s h i f t  f r o m  m e c h a n i c a l  t o  e l e c t r o n i c  p r o -  
d u c t i o n  w i l l  a r i s e ,  w h i c h  i s  r e f l e c t e d  i n  a  r e l a t i v e ~ l y  i n c r e a s e d  
v a l u e  o f  i n v e s t m e n t s  a s  p a r t  o f  t h e  f i n a l  demand.  

I t  i s  n o t  d i f f i c u l t  t o  g e n e r a l i z e  t h i s  e x a m p l e  a n d  t o  
d e s c r i b e  t h e  v e r b a l  s t a t e m e n t s  i n  m a t h e m a t i c a l  t e r m s :  If o n e  
d e f i n e s  t h e  f o l l o w i n g  v a r i a b l e s  by 

II 

Y = Y + A Y  v e c t o r  o f  f i n a l  demand 
u 

A = A + A A  m a t r i x  o f  i n p u t  c o e f f i c i e n t s  - - - 1  
R = (E-A)  = R + O R  L e o n t i e f - i n v e r s  
LI x = x + A x  v e c t o r  o f  g r o s s  p r o d u c t s  
h 
v = v +  A v  v e c t o r  o f  v a l u e  a d d e d  
k 

Q = Q + A Q  m a t r i x  o f  l a b o u r  c o e f f i c i e n t s  

v e c t o r  o f  number  o f  w o r k e r s  
e x t e n d e d  1 / 0  - m o d e l  



A d d i t i v e  c h a n g e s  a r e  d e n o t e d  by "Au,  r e s u l t i n g  new v a l u e s  a r e  
c h a r a c t e r i z e d  by " - l l .  

By s u b s t i t u t i o n  o n e  g e t s  

M a t r i x  m u l t i p l i c a t i o n  l e a d s  t o  t h e  g e n e r a l  r e s u l t  t h a t  t h e  
demand f o r  l a b o u r  c a n  b e  s p l i t  i n t o  a d d i t i v e  p a r t i a l  e f f e c t s  
o f  d i f f e r e n t  o r d e r :  

- t h e  p r o d u c t i v i t y  e f f e c t  

- t h e  i n t e r a c t i o n  e f f e c t  

- t h e  demand e f f e c t  a n d  

- c o m b i n a t i o n s  o f  t h e  a b o v e  e f f e c t s  r e s u l t i n g  i n  h i g h e r  
o r d e r  e f f e c t s .  

I n  m a t h e m a t i c a l  terms: 

o l d  v a l u e  

p r o d u c t i v i t y -  

3 
e f f e c t  o f  

i n t e r a c t i o n  f i r s t  o r d e r  

demand 

e f f e c t s  o f  

s e c o n d  o r d e r  

e f f e c t  o f  3 t h i r d  o r d e r  

I t b e c o m e s  e v i d e n t  t h a t  t h e  e f f e c t s  o f  f i r s t  o r d e r  c a n  
s i m p l y  b e  a d d e d  w i t h  o n e  e x c e p t i o n :  t o t a l  c h a n g e  by 
t e c h n o l o g i c a l  c o e f f i c i e n t s  c a n n o t  b e  c o m p u t e d  by s i m p l y  
a d d i n g  t h e  e f f e c t s .  A more  c o m p l i c a t e d  m a t h e m a t i c a l  
o p e r a t i o n  ( i n v e r s i o n  o f  a  m a t r i x )  m u s t  be  p e r f o r m e d  i n  
t h i s  c a s e .  

ESTIMATING PARAMETER CHANGES 

The  d i s c u s s i o n  s o  f a r  was  d o n e  i n  v e r y  g e n e r a l  t e r m s . .  
To b e  a p p l i c a b l e ,  t h e o r y  m u s t  b e  c o n n e c t e d  t o  t h e  r e a l  w o r l d .  
O f  c o u r s e  n o t  e v e r y  a s p e c t  o f  r e a l i t y  c a n  b e  r e f l e c t e d  i n  t h e  
m o d e l .  The  m e t h o d o l o g y  h o p e f u l l y  c u t s  away u n n e c e s s a r y  a s p e c t s  
a n d  f o c u s s e s  on e s s e n t i a l  r e l a t ' i o n s  a n d  v a r i a b l e s .  T h e r e f o r e  
i n  t h i s  c a s e ,  e . g .  t h e  c r e a t i o n  o f  new f i r m s ,  a  s p e c i a l  
i n n o v a t i o n  p r o c e s s  a n d  i t s  c o m p l i c a t i o n s ,  t h e  t r a n s f e r  o f  
t e c h n o l o g y  b e t w e e n  firms e t c .  c a n n o t  b e  d i s c u s s e d  w i t h i n  t h e  
m o d e l .  The  c h o s e n  m e t h o d o l o g y  r e s t r i c t s  o n e s e l f  e x c l u s i v e l y  
t o  t h e s e  a s p e c t s  o f  t e c h n o l o g y  w h i c h  c a n  b e  l i n k e d  t o  t h e  
p a r a m e t e r s  o f  t h e  m o d e l .  B u t  on t h i s  l e v e l  we h a v e  t h e  same 



necessity to restrict the great variety ofapplied technology 
by a process of abstraction and generalisation to certain 
manageable types: The authors splitted the different types of 
innovations by microelectronics into three groups 

- new production processes in the factory (e.g.CNC- machines) 

- new production processes in the office (e.g. word 
processors) and 

- new products where microelectonics is implemented 
(e.g.desk calculators) 

Changes of these groupsshould be described by 
changes of the parameters of the model. One has to translate 
these innovations into their effects on the parameters and 
variables discussed above. 

Let us discuss the estimation procedure in more detail 
by using the change of the labour coefficients by means of 
the introduction of word processors.as an example. We 
consider one branch or' production which is included in our 
input-output model. The labour coefficient q of this branch 
reflects the number of nesessary working hours per unit of 
output. I f  we look at the total number N of employees 
working in this branch of production, we can divide them into 
two complementary groups: one consists of the number of 
employees P ,  who are potentially affected by word processors, 
the other group consists of employees who are not af'fected 
by this type of innovation. s is  the proportion of potenti- 
ally affected employees with respect to N and a certain 
technology, the word processor. 

After introduction of word processors we arrive at the 
following picture 

N ... total number of employees by branch I 
I P . . . potentially affected employees 1 (N-P) not affectable] 

F ' I R' I T ' 1 N - P  
/ I v 

P ' 

T' is the number of employees with innovated and more 
productive equipment, 

R' the number of not yet affected employees and 

F' the number of dismissed employees. 



Wi th  po  ... p r o d u c t i v i t y  o f  l a b o u r  b e f o r e  i n n o v a t i o n  a n d  

p1 ... p r o d u c t i v i t y  o f  l a b o u r  a f t e r  i n n o v a t i o n ,  re -  
f e r r i n g  t o  e m p l o y e e s  w i t h  i n n o v a t e d  e q u i p m e n t , a n d  

1  p = -  , ... t h e  i n c r e a s e  i n  p r o d u c t i v i t y ,  
Po 

we g e t  by d e f i n i t i o n  

By a s s u m p t i o n  o f  e q u a l  o u t p u t  b e f o r e  a n d  a f t e r  i n n o v a t i o n  

Po . P  + po (N-P)  = pOR'  + p1 T '  + p O ( N - P )  

a n d  by s u b s t i t u t i o n  o f  R ' f r o m  ( 1 )  

poP = poP - pOF'  - pOT'  + p l T '  

we end  u p  w i t h  

F o r  t h e  n u m e r i c a l  d e t e r m i n a t i o n  o f  t h e  d i f f e r e n t  p a r a m e t e r s  
we u s e d  a  v a r i e t y  o f  s o u r c e s :  t o  c o m p u t e  t h e  v a l u e  o f  s f o r  
e a c h  b r a n c h  o f  p r o d u c t i o n  a n d  t y p e  o f  t e c h n o l o g y  we u s e d  t h e  
r e s u l t s  o f  t h e  n a t i o n a l  d e m o g r a p h i c  a c c o u n t  ( V o l k s z a h l u n g  1 9 7 1 ) .  
T h e r e  t h e  w o r k i n g  p o p u l a t i o n  i s u b d i v i d e d  by s e x ,  b r a n c h  o f  
p r o d u c t i o n  a n d  by p r o f e s s i o n s  .') To d e t e r m i n e  p ,  t h e  i n c r e a s e  i n  
p r o d u c t i v i t y ,  we u s e d  d i f f e r e n t  s o u r c e s .  P a r t l y  t h e  p 9 s  w e r e  
e s t i m a t e d  e m p i r i c a l l y  by q u e s t i o n n a i r e s  s e n t  t o  200 f i rms,  
p a r t l y  t h e y  were f i x e d  i n  a c c o r d a n c e  t o  i n t e r n a t i o n a l  f i g u r e s ,  
e s p e c i a l l y  d e r i v e d  by t r a d e  u n i o n  i n s t i t u t e s .  Of c o u r s e  t h e  
a u t h o r s  a r e  w e l l  a w a r  t h a t  t h e s e  f i g u r e s  a r e  v e r y  r o u g h  o n e s ,  

o f  b u t  a t  a  f i r s t  s t a g e  a s s e s s m e n t  n o  o t h e r  f i g u r e s w e r e a v a i l a b l e .  

A v e r y  i m p o r t a n t  p a r a m e t e r  i s  t h e  d e g r e e  o f  d i f f u s i o n  v .  
It seems t o  b e l l n a t u r a l ' l  t h a t  v  s h o u l d  r e m a i n  w i t h i n  t h e  
l i m i t s  o f  0  a n d  1 .  v  a r r i v e s  a t  t h e  v a l u e  1  i f  a l l  t h e  

1 )  A n o t h e r  a p p r o a c h  was c h o s e n  by PROGNOS A G ,  B a s e l ,  s w i t z e r -  
l a n d ,  i n  u s i n g  a  l i s t  o f  d i f f e r e n t  t y p e s  o f  human work  
a c t i v i t i e s  i n s t e a d  o f  p r o f e s s i o n s  a s  a  b a s i s  f o r  t h e  
c o m p u t a t i o n  of  p o s s i b l e  e f f e c t s  o f  m i c r o e l e c t r o n i c s  t o  
r e p l a c e  them ( P r o g n o s  1 9 8 1 ) .  



w o r k p l a c e s  w h i c h  c a n  be  i n n o v a t e d  a r e  a l r e a d y  i n n o v a t e d .  F o r  
t h i s  p u r p o s e  v  was d e f i n e d  a s  f o l l o w s  

Under  t h e  a d d i t i o n a l  a s s u m p t i o n  o f  c o n s t a n t  o u t p u t  b e f o r e  
a n d  a f t e r  t h e  i n n o v a t i o n  o n e  g e t s  t h e  c h a n g e  o f  t h e  l a b o u r  
c o e f f i c i e n t  q  

1 
A q  = q .  s . v  , - -  q - s  . v  - - 

P  

I n  a s im i la r  way c h a n g e s  o f  t e c h n o l o g i c a l  c o e f f i c i e n t s  c a n  
be  e s t i m a t e d .  C h a n g e s  i n  f i n a l  demand i n  t h e  c a s e  o f  wort l -  
p r o c e s s o r s  c a n  b e  s i m p l y  d e t e r m i n e d  by m u l t i p l y i n g  t h e  number  
o f  i n n o v a t e d  w o r k p l a c e s  w i t h  t h e  c o s t s  o f  o n e  w o r d p r o c e s s o r  
i n  a v e r a g e .  T h i s  g i v e s  t h e  c h a n g e  i n  i n v e s t m e n t .  I f  w o r d p r o c e s s o r s  
m u s t  b e  i m p o r t e d ,  t h i s  amoun t  i s  e q u a l  t o  t h e  c h a n g e  i n  i m p o r t s  
as  w e l l .  

FORMAL QUALIFICATION OF THE EMPLOYEES 

By means  o f  t h e  t h r e e  s u b m o d e l s ,  t h e  e x p a n d e d  i n p u t - o u t p u t  
m o d e l ,  t h e  f i n a l  demand m o d e l  a n d  t h e  t e c h n o l o g y - e c o n o m y  i n t e r -  
f a c e , t h e  number  o f  w o r k p l a c e s  a n d  t h e  m a i n  e c o n o m i c  i n d i c a t o r s  
c a n  b e  c o m p u t e d  u n d e r  t h e  a s s u m p t i o n  o f  a  g i v e n  l e v e l  o f  i n -  
v e s t m e n t ,  a c e r t a i n  l e n g h t  o f  t h e  w o r k i n g  week a n d  a c e r t a i n  
d e g r e e  o f  d i f f u s i o n  o f  m i c r o e l e c t r o n i c s  i n  A u s t r i a .  To e s t i m a t e  
c h a n g e s  i n  t h e  q u a l i f i c a t i o n  o f  t h e  l a b o u r  f o r c e  a d d i t i o n a l  
i n f o r m a t i o n  a b o u t  f o r m a l  q u a l i f i c a t i o n  was i n t r o d u c e d  i n t o  t h e  
m o d e l .  F o r  e a c h  b r a n c h  o f  p r o d u c t i o n  t h e  e m p l o y e e s  w e r e  s u b -  
d i v i d e d  by s e x  a n d  f o r m a l  d e g r e e  o f  q u a l i f i c a t i o n  ( u n i v e r s i t y ,  
g rammar  s c h o o l ,  v o c a t i o n a l  s c h o o l  a n d  l f o t h e r s " ) .  T h i s  s t r u c t u r e  
was d e r i v e d  f r o m  t h e  m o s t  r e c e n t  a v a i l a b l e  s t a t i s t i c s .  On t h e  
o t h e r  h a n d  by a n o t h e r  d e t a i l e d  m o d e l  o f  t h e  q u a l i f i c a t i o n  
s t r u c t u r e  o f  t h e  l a b o u r  s u p p l y  ( a s  f o r e c a s t e d  by t h e  I n s t i t u t e  
o f  S o c i o - E c o n o m i c  D e v e l o p m e n t  R e s e a r c h )  t h e  a v a i l a b l e  q u a l i -  

f i c a t i o n s  w e r e  c o m p a r e d  w i t h  t h e  q u a l i f i c a t i o n s  o f  t h e  work -  
p l a c e s  as d e f i n e d  a b o v e .  By t h i s  c o m p a r i s o n  b o t t l e n e c k s  o r  
r e d u n d a n c i e s  c a n  b e  s e e n .  T h i s  d o e s  n o t  mean t h a t  i n  f u t u r e  
t h i s  b o t t l e n e c k s  w i l l  r e a l l y  e x i s t ,  b u t  i t  i n d i c a t e s  t h a t  some 
mechan ism o f  a d j u s t m e n t  w i l l  h a v e  t o  t a k e  p l a c e .  A l t h o u g h  t h e  
m e c h a n i s m s  i t s e l f  need n o t  t o  be d e f i n e d  i n  a d v a n c e ,  n ' e v e r t h e l e s s ,  
p o s s i b l e  f r i c t i o n s  a r e  i n d i c a t e d  by t h i s  m e t h o d .  



Furthermore, the authors tried to determine very roughly 
the qualification structure of employees, which worked on 
redundant workplaces resp. of these employees, who work on 
newly created workplaces. Fig. 2 shows one example of this 
qualification vector, which consists of eight elements, by 
sex and formal degree of qualification. Negative figures indi- 
cate new workplaces, positive figures represent the percentage 
of workplaces which disappeared and were connected with a 
certain degree of qualification. 

The resulting qualification structure consists therefore' 
of changes in qualification, caused by changes in the production 
level of different branches,and of changes caused by the use 
of microelectronics 

"otherstt vocational grammar university 
school school degree 

male 

female 

Figure 2: Qualification vector 

SOME APPLICATIONS OF THE MODEL 

The comprehensive model was used to illustrate several 
scenarios for the implementation of micro electronics in Austria. 
For this reason it was necessary to define basic or standard 
scenarios. These scenarios were modified by changing the degree 
of diffusion of microelectronics. Standard runs were computed for 
the years 1985 and 1990 under two different assumptions: 
constant working hours (40 hours per week as 1980) or de- 
creasing workhours per week (37,5 hours 1985, 35 hours 1990). 
For the standard runs the model economy is governed by a growth 
in investment such that the average annual growth rate of 
gross domestic product amounts about 3 % ,  starting from an 
amount of investment like actual Austrian figures in 1980. 

Three scenarios were created to define different socio- 
political developments as side conditions for the economy i,, 
the eighties. These scenarios were chosen in correspondence 
with the major economic interest groups in Austria: 



1 .  Multinational scenario 

The interests of the multinational companies and the big 
enterprise in Austria result in a constant working week 
for 1985 and 1990, like 1980 (40 hours per week) and 
anaccelerated introduction of microelectronics(compared 
to the result- of the quest1 onnaires 1 by importing the 
complete devices. 

2. Trade Union scenario 

The Trade Union for Private Employees demands a reduced 
working week down to 35 hours. I f  the trend during the 
seventies is extrapolated for the eighties, one arrives 
at 35 hours per week in 1990. Yy means of collective contracts 
the speed of diffusion is  reduced compared with scenario 
one. As in scenario 1 microelectronics is completely 
imported. 

3. National scenario 

This scenario is based on the interests of the total 
national economy. I t  is  similar to scenario two with 
one exception: the non-chip- hardware and the necessary 
software is  not imported, but is  produced inside the 
country. This scenario is  similar to the Japanese 
approach to microelectronics 

For these three scenarios the values for the following set 
of variables and the changes with respect to the corresponding 
standard runs are computed: 

- main economic indicators on the macrolevel (consumption, 
investment, exports, imports, gross domestic product, 
average real w a g e  rate, change in public expenditure, 
growth of productivity, growth of net real wages) 

- economic indicators on the microlevel (degree of diffusion, 
number of innovated workplaces, redundant employees, 
investment for microelectronic goods in the shop f loor, 
in products and office) 

- labour market indicators (number of employees, self- 
employed, unemployed, changes in the number of workplaces 
by causes of this change) 

- Formal qualification (number of employees and self- 
employed,resp. labour supply by degree of formal quali- 
fication and sex,  qualification structure of dismissed). 

In addition to these three scenarios special simulation runs 
were produced. One of them simulated the diffusion of micro- 
electronics in Austria at saturation level ( v  = 1) for the year 
1990, with constant working hours and completely imported tech- 
nology (similar to scenario one). Another one computed the 



e f f e c t s  o f  a n  a u t o n o m o u s  i n c r e a s e  o f  e x p o r t s  by f i v e  p e r c e n t  
a p p l i e d  o n  s c e n a r i o  1 .  . A t h i r d  r u n  i n v e s t i g a t e d  t h e  e f f e c t s  
o f  a n  a d d i t i o n a l  r e t i r e m e n t  o f  5 0 . 0 0 0  e m p l o y e e s  a p p l i e d  o n  
s c e n a r i o  2. 

SOME Q U A N T I T A T I V E  RESULTS 

B e c a u s e  o f  t h e  l i m i t e d  s p a c e  o n l y  t h e  r e s u l t s  o f  t h e  
s t a n d a r d  r u n s  a n d  f o r  s c e n a r i o  1  a r e  p r e s e n t e d  ( s e e  t a b l e  1 
a n d  2 ) .  S c e n a r i o  1  r e s u l t s  i n  a  r a t e  o f  unemp loymen t  h i g h e r  
t h a n  10  % f o r  1 9 8 5 .  F o r  1 9 9 0  t h e  b a s i c  unemp loymen t  o f  
220 .000  i s  i n c r e a s e d  by 1 6 6 . 0 0 0  c a u s e d  by m i c r o e l e c t r o n i c s .  
T h i s  f i g u r e  c a n  b e  r e d u c e d  by 1 3 3 . 0 0 0  i f  a  5 % a u t o n o m o u s  
i n c r e a s e  i n  e x p o r t s  c a n  be  e s t a b l i s h e d .  

S c e n a r i o  2 r e s u l t s  i n  a n u n e m p l o y m e n t  o f  224 .000  f o r  1 9 8 5 .  
T h i s  means  a n  u n e m p l o y m e n t  r a t e  o f  a b o u t  7 %. By t h e  i n c r e a s e  o f  
h o m e p r o d u c t i o n  a s  a  s u b s t i t u t e  f o r  i m p o r t s  ( s c e n a r i o  3 )  c o m p a r e d  
w i t h  t h e  s t a n d a r d  r u n  n o  a d d i t i o n a l  unemp loymen t  i s  c r e a t e d .  
The  l a b o u r  s a v i n g  e f f e c t s  o f  t h e  a p p l i c a t i o n  o f  m i c r o e l e c t r o n i c s  
i n  t h e  p r o d u c t i o n  i s  c o m p e n s a t e d  by a n  i n c r e a s e  i n  f i n a l  demand.  

An a d d i t i o n a l  v a r i a n t  s i m i l a r  t o  s c e n a r i o  1 ,  s i m u l a t i n g  t h e  
e f f e c t s  o f  f u l l  d e g r e e  o f  d i f f u s i o n  m i c r o e l e c t r o n i c s  f o r  t h e  
y e a r  1990  r e s u l t s  i n  r e d u n d a n c i e s  o f  4 2 5 . 0 0 0  e m p l o y e e s .  T h i s  
r e s u l t  seems u n r e a l i s t i c ,  b e c a u s e  t h e  a c t u a l  s p e e d  o f  d i f f u s i o n  
i s  much s l o w e r .  S a t u r a t i o n  w i l l  n o t  b e  r e a c h e d  b e f o r e  t h e  y e a r  
2 0 0 0 ,  m o r e  l i k e l y  a f t e r  2 0 1 0 ,  i f  o n e  t a k e s  i n t o  a c c o u n t  t h e  
a c t u a l  s p e e d  of d i f f u s i o n  a s  m e a s u r e d  by t h e  A u s t r i a n  I n s t i t u t e  
f o r  Economic  R e s e a r c h , .  

W i t h  t h e s e  r e s u l t s  i n  m ind  o n e  a r r i v e s  a t  t h e  c o n c l u s i o n ,  
t h a t  by t h e  i n t r o d u c t i o n  o f  m i c r o e l e c t r o n i c s  u n d e r  A u s t r i a n  
c o n d i t i o n s  t h e r e  w i l l  be  a  t e n d e n c v  t o w a r d s  i n c r e a s e d  un -  
emp loymen t .None  o f  t h e  p r o p o s e d  p o l i c i e s  ( w h i c h  s e e m  t o  b e  
r e a l i s t i c  ones)  a r e  a b l e  t o  b r i n g  down unemp loymen t  t o  l e v e l s  
l i k e  in t h e  seven t i es .  



T a b l e  1 : S t a n d a r d  R u n s  ------- 

1 
T o t a l  I n v e s t m e n t  
P r i v .  C o n s u m p t i o n  
P u b l . C o n s u m p t i o n  
E x p o r t s  
I m p o r t s  
E x p o r t s - I m p o r t s  

G r o s s  D o m . P r o d .  

N e t  W a g e  p e r  
C a p i t a  ( 1 0 0 0  A S )  

P o t .  L a b o u r  F o r c e  3.210 3 . 4 3 0  
W o r k i n g  H o u r s  ..:'I 4 2 , 1  1 3 9 , ,  
H y p . U n e m p l o y e d  

U n e m p l .  B e n e f i t  1 2  ,2 1 , 3  

W o r k i n g  P o p .  1000 3. 222 1 3 . 1 9 1  3 . 2 7 6  1 3 . 2 2 1  3 . 4 1 3  
m a l e  
G r a d .  ( U n i v . )  
U p p e r  S e c .  L e v e l  
V o c .  T r a i n i n g  
O t h e r s  

f e m a l e  
G r a d .  ( U n i v .  ) 
U p p e r  S e c .  L e v e l  
V o c .  T r a i n i n g  
O t h e r s  

A g r i c u l t u r e  ( % )  

I n d u s t r y  ( % )  
S e r v i c e s  ( % )  

G r o w t h  f  P r o d u c -  
t i v i t y  2 9  

G r o w t h  o f  GDP 2  

G r o w t h  o f  E m p l .  2  

G r o w t h  o f  N e t  W a g e  

1 .: 
E x o g e n o u s  V a r i a b l e  

" ~ n n u a l  P e r c e n t a g e  R a t e s  o f  C h a n g e  R e f e r r i n g  t o  1 9 7 6  

E c o n o m i c  V a r i a b l e s  a r e  m e a s u r e d  i n  r e a l  t e r m s ,  i n  B i o . A S .  
T h e  p r i c e s  a r e  b a s e d  on 1 9 7 6  



Table 2 : Scenario 1: Effects Caused by Microelectronics .................... 

Szenario 1 STA)JD90/1 Szenari 
RASCH8 5/1 RASCH9o/1 
Abs . Relativ Abs. Relativ 

Private Consumption + 7 + 1,3% + 21 + 3,2 % 
Public Consumption - 1 - 0,6 % + 2 + 1,2 % 
Exports - 4 - 0,9 % + 5 + 0,8 % 
Imports + 9 + 2,o % + 17 + 2,7 % 
Exports minus Imports - 13,l - - 13,0 - 
GDP - 8 - 0,8 % + 10 + 0,8 % 

Public Expenditure - 11,3 - - 17,s - % 

Net Wage per Capita + 5 + 3,9 % + 9 + 6,o % 
(100 AS) 

Hyp.Unemployed +I37 + 67,s % +I66 + 75,9 % 

Unempl .Benefit + 6,6 + 75 % ?,7 + 86,6. % 
working Population (1000) ,137,7 - 4,3 % -165,8 - 5,~:: 

male - 77,2 - 4,l % - 82,l - 4,4 % 
~raduated (Univ.) + 0,8 + 3,l 
Upper Sec.Leve1 + 0;7 + 4,o 
voc. Training - 1,o + 0,8 
Others - 77,8 - 89,9 

female - 60,4 - 4,6 % - 83,7 - 6,3 % 
Graduated (Univ.) + 0,4 + 1,l 
Upper Sec. Level - 0,3 + 0,8 
Voc. Training - 14,o - 25,o 
Others - 46,6 - 60,6 

GDP per capita 12 + 3,9 % + 23 + 6,3 % 

Changes in Employment 

By productivity -120,6 -201,8 

By Changes in Total Demand- 15,7 + 37,7 
By Energy Saving - 1,5 - 1,8 
By Effects of Interaction o + 0,l 
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