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PREFACE 

Energy p l a n n i n g  i s  one o f  t h e  most i m p o r t a n t  e l e m e n t s  o f  
contemporary long-term p l a n n i n g .  The c e n t r a l  r o l e  of  t h e  energy  
s e c t o r  i n  economic development  h a s  been s t r e s s e d  by many r e s e a r -  
c h e r s  and pol icy-makers .  

The d i s c u s s i o n  i n  many c o u n t r i e s  o f  p o l i c i e s  f o r  i n t r o d u c i n g  
a t  a  l a r g e r  s c a l e  renewable  energy  r e s o u r c e s  i n t o  t h e i r  ene rgy  
sys tems h a s  a  c l e a r  r e g i o n a l  c o n n o t a t i o n .  I n  s p i t e  o f  t h i s  f a c t  
most economic energy s t u d i e s  l a c k  t h e  r e g i o n a l  d imension.  There 
a r e  s e v e r a l  r e a s o n s  f o r  i n t r o d u c i n g  r e g i o n a l  e l ements  i n  a n  
energy  a n a l y s i s  i n  a  c o u n t r y  a s  Sweden. Renewable energy  
r e s o u r c e s  a r e  l o c a t e d  i n  s p a r s e l y  p o p u l a t e d  a r e a s .  The energy- 
dependent  p a r t s  o f  t h e  economy a r e  c o n c e n t r a t e d  g e o g r a p h i c a l l y .  
The c l i m a t i c  c o n d i t i o n s  make t h e  h e a t i n g  o f  b u i l d i n g s  d i f f e r e n -  
t i a l l y  c o s t l y  i n  d i f f e r e n t  p a r t s  o f  t h e  c o u n t r y .  

The c u r r e n t  p a p e r  g i v e s  an  example o f  r e g i o n a l  i n p a c t  s t u d i e s  
of  n a t i o n a l  energy s c e n a r i o s .  I t  r e l a t e s  t o  t h e  i n v e s t i g a t i o n s  
i n  Sweden of  t h e  e f f e c t s  o n  t h e  economic, r e g i o n a l ,  env i ronmenta l ,  
and s o c i a l  development  of  d i s p e n s i n g  w i t h  n u c l e a r  power. The work 
o f  a  subgroup i n  a Government Commission p r e p a r i n g  f o r  a  n u c l e a r  
referendum i n  1980 i s  d e s c r i b e d ,  e s p e c i a l l y  a s  r e g a r d s  t h e  methods 
and models used f o r  t h e  r e g i o n a l  a n a l y s e s .  

B o r i s  I s s a e v  
Leader  
Regional  Development Task 
IIASA, Laxenburg 

A p r i l  1981 



THE REGIONAL DEVELOPMENT CONSEQUENCES 
OF A CLOSE-DOWN OF NUCLEAR POWER 
PLANTS I N  SWEDEN 

F o l k e  S n i c k a r s  

1 .  THE PROBLEM SUMMARIZED* 

1 . 1  Background 

I n  March 1980,  a  r e fe rendum was h e l d  on  a  ma jo r  p o l i t i c a l  

i s s u e  o f  t h e  1970s i n  Sweden: wh.ether o r  n o t  Sweden s h o u l d  d i s -  

p e n s e  w i t h  n u c l e a r  power a s  s o o n  a s  p o s s i b l e  ( w i t h i n  10 y e a r s ) .  

I f  t h e  c u r r e n t  deve lopment  p l a n s  were t o  b e  f u l f i l l e d ,  t h e  num- 

b e r  o f  n u c l e a r  power p l a n t s  i n  o p e r a t i o n  would be  d o u b l e d .  

These  new p l a n t s  would f u n c t i o n  f o r  a t  l e a s t  2 5  y e a r s .  

I n  1979,  a  commission was e s t a b l i s h e d  by t h e  Government o f  

Sweden t o  a s s e s s  t h e  c o n s e q u e n c e s  o f  d i s p e n s i n g  w i t h  t h e  n u c l e a r  

power s e c t o r .  T h i s  Commission on Consequences s t u d i e ~  t h e  po ten -  

t i a l  e f f e c t s  on  t h e  Swedish economy w i t h  r e s p e c t  t o  employment, 

r e g i o n a l  deve lopment ,  p r i v a t e  consumpt ion ,  and e n v i r o n m e n t a l  

q u a l i t y .  I t  d i d  n o t  e x p l o r e  t h e  r i s k s  a t t a c h e d  t o  t h e  o p e r a t i o n  

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

q u a n t i t a t i v e  t e r m s  t h e  c o s t s  t o  Sweden and i t s  i n h a b i t a n t s  o f  

c h a n g i n g  t h e  e n e r g y  s y s t e m  s i g n i f i c a n t l y .  

* P a r t s  of  t h i s  background d e s c r i p t i o n  draw h e a v i l y  o n  t h e  
o f f i c i a 1 ' ~ n ~ l i s h  sumrrtary o f  t h e  work of t h e  Commission o n  Con- 
s e q u e n c e s  (Gu te l and  (1980)  ) . 



Thi s  paper  c o n t a i n s  a  summary o f  t h e  methods and models 

used by t h e  Commission, e s p e c i a l l y  f o r  a s s e s s i n g  r e g i o n a l  e f -  

f e c t s .  Thus, t h e  aim i s  n o t  t o  d i s c u s s  t h e  socioeconomic and 

p o l i t i c a l  i m p l i c a t i o n s  o f  t h e  a b o l i t i o n  i s s u e  b u t  t o  p r e s e n t  t h e  

t e chn iques  used f o r  measur ing impac t s  i n  v a r i o u s  d imensions  and 

t o  e x p l a i n  why t hey  w e r e  s e l e c t e d .  The r e g i o n a l  e f f e c t s ,  which 

a r e  c e n t r a l  t o  t h e  p r e s e n t a t i o n ,  a r e  n o t  o n l y  e v a l u a t e d  by quan- 

t i t a t i v e  models b u t  a l s o  by g e n e r a l  economic a n a l y s i s .  The 

major  r e s u l t  t h a t  w i l l  emerge from t h e  s t u d y  i s  t h a t  a n  e l a b o r a t e  

sys tems a n a l y s i s  of  a r e g i o n a l  problem, o r  any o t h e r  problem o f  

c o n s i d e r a b l e  complex i ty ,  shou ld  i n c l u d e  b o t h  q u a l i t a t i v e  and 

q u a n t i t a t i v e  a s p e c t s .  The q u a l i t a t i v e  p a r t  c o n s i s t s  i n  a micro- 

o r i e n t e d  a n a l y s i s  o f  t h e  r e g i o n a l  development o f  p roduc t i on  and 

employment i n  ene rgy - in t ens ive  i n d u s t r i e s  and t h e  q u a n t i t a t i v e  

s e c t i o n  i n  a  macro-or iented  modeling e x e r c i s e  aimed a t  measuring 

t h e  t o t a l  d i r e c t  and i n d i r e c t  r e g i o n a l  e f f e c t s  of  d i f f e r e n t  

energy  s c e n a r i o s . *  

1 .2  The Commission o f  Consequences - A l t e r n a t i v e s  
I n v e s t i g a t e d  

The b a s i c  methodolog ica l  problem f a c e d  by t h e  Commission 

was t o  c o n j u r e  up a  set of  a l t e r n a t i v e  s c e n a r i o s  t o  p r o v i d e  t h e  

Swedish economy w i t h  energy and t o  compare t h e i r  p o s i t i v e  and 

n e g a t i v e  e f f e c t s .  Thus t h e  l i n e  o f  a t t a c k  chosen was t o  e labo-  

r a t e  a  r e f e r e n c e  s c e n a r i o ,  i n  l i n e  w i t h  t h e  c u r r e n t  economic 

development t r e n d s  - and t h e  c u r r e n t  n u c l e a r  power program, and 

t h e n  t o  s p e c i f y  a l t e r n a t i v e  energy sys tem s c e n a r i o s  i n  which 

n u c l e a r  power is  a b o l i s h e d  b e f o r e  1990. These energy sys tem 

d e s c r i p t i o n s  were p r e s e n t e d  f o r  a  p e r i o d  o f  twenty y e a r s ,  up 

u n t i l  t h e  t u r n  o f  t h e  c e n t u r y .  

S i n c e  t h e  n u c l e a r  power p l a n t s  p r i m a r i l y  produce e lect r i -  

c i t y  (no  was t e  h e a t  i s  y e t  used i n  remote h e a t i n g  s y s t e m s ) ,  t h e  

a l t e r n a t i v e  energy  sys tems may be  compared by d e s c r i b i n g  t h e  

e l e c t r i c i t y  p roduc t i on  subsys tems (Tab l e  1 )  and by a s s e s s i n g  t h e  

s t r u c t u r e  o f  e l e c t r i c i t y  demand, a t  e q u i l i b r i u m ,  i n  v a r i o u s  

c a s e s  (Tab le  2 )  . 
I 

*The work r e p o r t e d  h e r e  ha s  been performed by Bo Er ixon ,  
La r s  Lundqvis t  and Mats Re id ius  t o g e t h e r  w i t h  t h e  a u t h o r .  



Table 1 .  Comparison of e l e c t r i c i t y  supply systems i n  t h e  
r e f e r e n c e  c a s e  and t h e  a b o l i t i o n  a l t e r n a t i v e s .  

1980 Ref e- Refe- 
Abolition Abolition 

rence rence 

Hydroelectric 
power 

Nuclear power 

Industrial 
back pressure 

Combined heat 
& power 
duction 
Po- 

Oil-based con- 
densacion 
power3 

Coal-based 
condensation 
poweri) 

Wind power 

TOTAL 

Transit losses 

Final electri- 
city consump- 
tion 

a 
Both heat and power are produced, but the figures refer to electricity 
output only. 
b 
Producing electricity only. 

The r e f e r e n c e  c a s e  imp l i e s  t h a t  e x i s t i n g  p l a n s  w i l l  be p u t  

i n t o  e f f e c t .  Twelve nuc l ea r  power p l a n t s  w i l l  be i n  o p e r a t i o n  

du r ing  t h e i r  s e r v i c e  l i f e  bu t  no l o n g e r .  I n  1990 n u c l e a r  power 

w i l l  produce 58 TWh e l e c t r i c i t y ,  which, as mentioned above, i s  

more than  a doubl ing  of t h e  1980 l e v e l .  The s t r u c t u r e  o f  e l e c -  

t r i c i t y  consumption w i l l  change towards a  more i n t e n s e  u se  of  

e l e c t r i c i t y  i n  t h e  'm i sce l l aneous '  s e c t o r .  A c o n s i d e r a b l e  por- 

t i o n  of t h i s  i n c r e a s e  r e l a t e s  t o  t h e  expansion o f  e l e c t r i c  

hea t ing  of dwe l l i ngs  and work-places. 



Table  2. S t r u c t u r e  o f  f i n a l  e l e c t r i c i t y  consumption i n  1978  and 
1 9 9 0 .  

1978  1990 
Reference Abolition 

125 ~ w h  105 T W ~  95 m h  

Industry 39 5  7  53 50 

Transport and 
communication 

2  

Miscellaneous 
sector 

4 1 

TOTAL 82 125 105 95 

The a b o l i t i o n  a l t e r n a t i v e  h a s  two v a r i a n t s .  The t o t a l  

l e v e l  of  e l e c t r i c i t y  consumption i s  lower i n  bo th  o f  t h e s e  i n  

1 9 9 0  and 2 0 0 0  t h a n  i n  t h e  r e f e r e n c e  c a s e .  T h i s  stems from t h e  

d i f f i c u l t i e s  i n  comple te ly  r e p l a c i n g  n u c l e a r  power o v e r  a p e r i o d  

o f  t e n  y e a r s .  

The 1 0 5  TWh l e v e l  may be a t t a i n a b l e  by 1990 .  However, i t  

presupposes  a s w i f t  expans ion  of  c o a l - f i r e d  p roduc t i on ,  and 

t h e r e  may be  d i f f i c u l t i e s  i n  e s t a b l i s h i n g  and commissioning t h e  

nece s sa ry  p l a n t s  w i t h  s u f f i c i e n t  speed .  No expans ion  o f  e l e c t r i c  

h e a t i n g  o f  t h e  hous ing  s t o c k  w i l l  be  a l lowed .  

The 9 5  TWh l e v e l  by 1990  r e p r e s e n t s  a s i t u a t i o n  i n  which 

t h e  growth i n  e l e c t r i c i t y  consumption i s  h e a v i l y  r e s t r i c t e d .  It 

presupposes  a p a r t i c u l a r l y  s t r o n g  emphasis  on  s a v i n g  i r  t h e  m i s -  

c e l l a n e o u s  s e c t o r .  T h i s  a l t e r n a t i v e  h a s  been advocated  by t h o s e  

d e s i r i n g  t h e  r a p i d  c l o s u r e  o f  t h e  n u c l e a r  power s e c t o r .  S ince  

it may be  d i f f i c u l t  t o  keep t h e  mi sce l l aneous  s e c t o r  a t  t h e  low 

l e v e l  i n d i c a t e d  i n  Tab l e  2 ,  a f u r t h e r  a l t e r n a t i v e  h a s  been 

t e s t e d  where a l a r g e r  p o r t i o n  o f  t h e  n e c e s s a r y  s a v i n g  i s  t aken  

from t h e  i n d u s t r y  s e c t o r  by means o f  t h e  p r i c e  mechanism. 

The a b o l i t i o n  o f  n u c l e a r  power w i l l  mean t h a t  r e s o u r c e s  

w i l l  have t o  be a p p l i e d  to expand o t h e r  e l e c t r i c a l  energy pro-  

d u c t i o n  sys tems and t o  conse rve  energy  i n  homes, i n  i n d u s t r y ,  

and e l sewhere .  I n  a d d i t i o n ,  more c o a l  and o i l  w i l l  have t o  be 



impor ted .  Sooner  o r  l a t e r  t h i s  w i l l  have  t o  b e  p a i d  f o r  i n  

terms o f  lower  l i v i n g  s t a n d a r d s  f o r  t h e  p o p u l a t i o n  t h a n  t h o s e  

o f  t h e  r e f e r e n c e  c a s e .  The Commission h a s  assumed t h a t  t h e  

c o s t  o f  a b o l i t i o n  w i l l  have  t o  b e  m e t  f rom p r i v a t e  consumpt ion  

b e c a u s e  even  i n  t h e  r e f e r e n c e  case growth  o f  t h e  p u b l i c  s e c t o r  

h a s  been  k e p t  v e r y  low. Another  c o n c e i v a b l e  r e c o u r s e  would b e  

t o  r e d u c e  o t h e r  i n v e s t m e n t s  o r  t o  i n c r e a s e  i n t e r n a t i o n a l  borrow- 

i n g ,  t h u s  d e f e r r i n g  some o f  t h e  c o s t s  t o  f u t u r e  g e n e r a t i o n s .  

T h i s  w a s  c o n s i d e r e d  t o  b e  u n a c c e p t a b l e .  

The c e n t r a l  r e s u l t  o f  t h e  Commission on  Consequences was 

t h a t  t h e  t o t a l  c o s t  t o  t h e  Swedish s o c i e t y ,  i n  terms o f  p r i v a t e  

consumpt ion ,  would c o r r e s p o n d  t o  some 2-3 p e r c e n t  less p r i v a t e  

consumpt ion  i n  1990 t h a n  i f  t h e  n u c l e a r  power s e c t o r  w e r e  re- 

t a i n e d .  T h i s  means a c a p i t a l  l o s s  o f  20,000 Swedish Crowns p e r  

worker  f o r  t h e  p e r i o d  1980-2000. Another  i m p o r t a n t  r e s u l t  i s  

t h a t  i f  l a b o r - m a r k e t  p o l i c i e s  a r e  implemented s u c h  t h a t  f u l l  

employment i s  a t t a i n e d ,  no d r a s t i c  e f f e c t s  c a n  b e  i s o l a t e d  f o r  

t h e  development  o f  d i f f e r e n t  p r o d u c t i o n  s e c t o r s .  The c a s e  o f  

e l e c t r i c i t y  p r i c e  i n c r e a s e s  f o r  i n d u s t r y  a t  t h e  9 5  TWh l e v e l  i s  

a n  e x c e p t i o n ,  w i t h  s t r o n g l y  n e g a t i v e  e f f e c t s  i n  t h e  p u l p  and  

p a p e r  i n d u s t r y .  P r i c e  i n c r e a s e s  i n  t h e  o r d e r  o f  50 p e r c e n t  

f o r  h o u s e h o l d s  and 30 p e r c e n t  f o r  i n d u s t r y  w e r e  deemed neces -  

s a r y  t o  keep  a g g r e g a t e  e l e c t r i c i t y  demand a t  t h e  r e q u i r e d  

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

(1980s )  . 

2 .  THE SYSTEM OF MODELS EMPLOYED 

2.1 O r g a n i z a t i o n a l  Decomposi t ion 

The Commission o n  Consequences worked under  a  heavy t i m e  

c o n s t r a i n t .  T h e r e f o r e ,  no ma jo r  model development  work w a s  

a t t e m p t e d .  I n s t e a d ,  t h e  work w a s  o r g a n i z e d  among v a r i o u s  

g r o u p s ,  which had s u i t a b l e  models  and  methods a v a i l a b l e  a t  

t h e  o u t s e t  o f  t h e  i n v e s t i g a t i o n .  These  t o o l s  were u s e d  as a 

b a s i s  f o r  d rawing  c o n c l u s i o n s  a b o u t  t h e  magn i tudes  o f  t h e  con- 

sequences  r e s u l t i n g  from t h e  c l o s u r e  o f  n u c l e a r  power p l a n t s .  

A s e r i o u s  problem o c c u r r e d  b e c a u s e  o f  t h i s  o r g a n i z a t i o n a l  f rame- 

work: HOW were t n e  a n a l y s e s  o f  t h e  s e p a r a t e  working  g r o u p s  t o  
b e  i n t e g r a t e d ?  



I n  F i g u r e  1 a n  o u t l i n e  of  t h e  l i n k s  between t h e  working 

g roups  i s  g i v e n .  The d i v i s i o n  i n t o  working g r o u p s  may be  s e e n  

a s  concomi tan t  w i t h  a  d i v i s i o n  o f  t h e  sys tems  a n a l y t i c  problem 

o f  d e v e l o p i n g  a set of  models and t e c h n i q u e s  t o  cope  w i t h  t h e  

complex problem o f  a s s e s s i n g  e f f e c t s  i n  a n  i n t e r d e p e n d e n t  

sys tem.  The Commission o n  Consequences p r o v i d e s  a good example 

of  a n  o r g a n i z a t i o n a l  a s  w e l l  a s  a  f a c t u a l  problem s o l u t i o n .  

o f  e lectr i-  

quences  : 

env i ron-  

conse-  
quences  : househo lds :  

a1 conse-  
quences:  V I  

l o c a l  consequences  / 
f o r  m u n i c i p a l i t i e s  1 
w i t h  n u c l e a r  power / 

p l a n t s :  

V I I  

F i g u r e  1 .  Work group o r g a n i z a t i o n  i n  t h e  Commission o n  Conse- 
quences .  



I n  t h e  same way t h a t  a  decompos i t ion  approach t o  mathema- 

t i c a l  programming c o n s i s t s  i n  i s o l a t i n g  subsys tems,  t h e  i n t e r n a l  

workings of  which need n o t  be f u l l y  c o n s i d e r e d  a t  t h e  s u p e r o r d i -  

n a t e  l e v e l ,  s o  it was n o t  n e c e s s a r y  f o r  each  subgroup o f  t h e  

commission t o  d e l i v e r  t o  t h e  o t h e r  subgroups  a l l  i t s  informa- 

t i o n  b u t  o n l y  t h o s e  i t e m s  o f  c e n t r a l  impor tance .  

The i d e a  was t h a t  a  number of  r e i t e r a t i o n s  o f  t h i s  i n f o r -  

mat ion  would l e a d  t o  a  f u l l y  c o n s i s t e n t  impact  a n a l y s i s .  

However, t h e  t i n e  c o n s t r a i n t  i m p l i e d  t h a t  s u c h  a n  o v e r a l l  

c o n s i s t e n c y  c o u l d  n o t  q u i t e  be  a c h i e v e d .  

The i t e r a t i o n  scheme i n  t h e  a n a l y s i s  began w i t h  a  f o r e c a s t  

o f  t h e  development  o f  e l e c t r i c i t y  demand ( I ) .  T h i s  i n i t i a l  

f o r e c a s t  was c o n s i s t e n t  w i t h  e a r l i e r  Swedish energy  consumption 

f o r e c a s t s  a l t h o u g h  t h e  t o t a l  demand l e v e l  of  125 TWh i n  1990 

i m p l i e s  a  lower ing  o f  e a r l i e r  r e s u l t s .  T h i s  f o r e c a s t ,  d i s a g g r e -  

g a t e d  a c c o r d i n g  t o  T a b l e  2 ,  was conveyed t o  subgroups  I1 and 

111, d e a l i n g  w i t h  s y n t h e s i z i n g  energy sys tems and a s s e s s i n g  

economic consequences .  

The n e x t  s t e p  (11) i n  t h e  i t e r a t i o n  p r o c e d u r e  was t h e  

s p e c i f i c a t i o n  of  ene rgy  sys tems  c a p a b l e  o f  producing t h e  energy  

demanded a t  minimum p r o d u c t i o n  c o s t s ,  under  e n v i r o n m e n t a l ,  

r e g i o n a l ,  l o c a l ,  and o t h e r  e x t e r n a l  c o n s t r a i n t s .  The r e s u l t s  

o f  t h e  a n a l y s i s  i n  subgroup I1 were t h e n  r e p o r t e d  t o  subgroups  

I11 ( i n v e s t m e n t  c o s t s ,  compos i t ion  o f  pr imary  energy  s u p p l y )  , 
IV* ( s i z e  and l o c a t i o n  of  p l a n t s  and pr imary  energy  s o u r c e s ) ,  

V ( s i z e  and l o c a t i o n  o f  energy p r o d u c t i o n  f a c i l i t i e s ) ,  and V I  

( l o c a t i o n  o f  new energy  p r o d u c t i o n  p l a n t s  a t  former  r u c l e a r  

power p l a n t  s i t e s ) .  

An i m p o r t a n t  s t a g e  i n  t h e  whole i n v e s t i g a t i o n  was t h e  

p o o l i n g  of  i n f o r m a t i o n  from subgroups  I and I1 i n t o  a n  o v e r a l l  

a n a l y s i s  o f  economic consequences  i n  subgroup 111. There  t h e  

t o t a l  c o s t s  of  t r a n s i t i o n  t o  a  new energy sys tem w e r e  e v a l u a t e d  

i n  a  s h o r t - ,  medium-, and long-term p e r s p e c t i v e .  The c o s t s  

were measured i n  t e rms  o f  t h e  l e v e l  o f  p r i v a t e  consumption t h a t  

* I n  e f f e c t ,  t h e r e  was no e x p l i c i t  subgroup I V  i n  t h e  Com- 
m i s s i o n ,  b u t  some members of  t h e  e x i s t i n g  working g r o u p s  formed 
a n  i n f o r m a l  one .  



cou ld  be  a t t a i n e d  f o r  a l t e r n a t i v e  e l e c t r i c i t y  demand l e v e l s  and 

d i f f e r e n t  energy p roduc t i on  sys tems.  The r e s u l t s  o f  t h e s e  ana- 

l y s e s  were r e p o r t e d  back t o  subgroups  I ( s c a r c i t y  p r i c e s ,  produc- 

t i o n  s t r u c t u r e ,  e t c . ) ,  V ( p roduc t i on  s t r u c t u r e ) ,  V I  ( l e v e l  o f  

p u b l i c  and p r i v a t e  consumpt ion) ,  and V I I  ( l o c a l  i m p a c t s ) .  

The n e x t  s t e p  i n  t h e  i t e r a t i o n  scheme w a s  a n  a n a l y s i s  o f  

t h e  r e s u l t s  o f  o t h e r  subgroups  i n  t h e  env i ronmenta l ,  r e g i o n a l  

and household  groups .  A s t r o n g  feeback w a s  e x e r t e d  from t h e  

env i ronmenta l  t o  t h e  energy sys tems subgroup.  C r i t e r i a  w e r e  

a p p l i e d  t o  see whether  t h e  energy p roduc t i on  s c e n a r i o s  w e r e  pe r -  

mis s ib le  from a n  env i ronmenta l  p o i n t  o f  view. I n fo rma t ion  abou t  

t h e  deg ree  of  f u l f i l l m e n t  o f  r e g i o n a l  e f f i c i e n c y  and w e l f a r e  

g o a l s  w a s  a l s o  f e d  back from t h e  employment and r e g i o n a l  g roup  

t o  subgroups  I1 and 111. An example o f  such a feedback w a s  t h e  

c o s t - b e n e f i t  a n a l y s i s  o f  an  a l t e r n a t i v e  l o c a t i o n  i n  t h e  nothern-  

most p a r t  o f  Sweden f o r  a c o a l - f i r e d  condensa t i on  p l a n t .  

A s  mentioned e a r l i e r ,  t h i s  o r g a n i z a t i o n a l  framework w a s  

a c t u a l l y  used i n  t h e  i n v e s t i g a t i o n ,  w i t h  e x p l i c i t  d e a d l i n e s  

f o r  t h e  r e p o r t s  o f  e x t e r n a l  i n f o r m a t i o n  between t h e  subgroups .  

It i s  f a i r  t o  s a y  t h a t  some i n t e g r a t i o n  a c t u a l l y  was ach i eved  

i n  t h i s  way, a l t hough  no comple te  c o n s i s t e n c y  cou ld  be a t t a i n e d .  

One r ea son  f o r  t h i s  was t h e  t i m e  l i m i t ,  b u t  i n s t i t u t i o n a l  

f r i c t i o n s  a l s o  p l ayed  a  r o l e .  

2 . 2  The Models Used 

The d e s c r i p t i o n  of  t h e  work o r g a n i z a t i o n  g i v e n  above does  

n o t  r e v e a l  t h e  e x t e n t  t o  which t h e  subgroups  used q u a r t i t a t i v e  

models o r  o t h e r  q u a n t i t a t i v e  a n a l y t i c a l  t e c h n i q u e s  i n  t h e i r  

work. 

Q u a n t i k a t i v e  a n a l y s e s  were a t t emp ted  i n  a l l  o f  t h e  

working g roups .  However, t h e s e  a n a l y s e s  w e r e  conducted  a t  

ve ry  d i f f e r e n t  l e v e l s  o f  s o p h i s t i c a t i o n .  The methods used 

i n  g roups  I V ,  V I ,  and V I I  w e r e  q u i t e  rud imenta ry  from a mathe- 

m a t i c a l  p o i n t  o f  view, amounting t o  a  more o r  less s y s t e m a t i c  

a p p l i c a t i o n  of  v a r i o u s  t y p e s  o f  m u l t i p l i e r s  and r a t i o s .  They 

a r e  n o t  n e c e s s a r i l y  i n t e r n a l l y  o r  e x t e r n a l l y  c o n s i s t e n t .  



I n  subgroup 11, models w e r e  employed, f o r  example, t o  f i n d  

a n  e f f i c i e n t  way of u s i n g  renewable ,  domest ic  pr imary energy 

r e s o u r c e s  i n  i n d u s t r i a l  p roces se s .  I n  t h e s e  models,  f o r  i n s t -  

ance ,  l o c a l  b i o - f u e l  sou rce s  such a s  p e a t  w e r e  cons ide red  a s  

a l t e r n a t i v e s  t o  c o a l  and o i l  i n  combined h e a t  and power produc- 

t i o n  f a c i l i t i e s .  

By f a r ,  t h e  most s o p h i s t i c a t e d  se t  o f  models w e r e  used i n  

t h e  economic a n a l y s e s .  The model e x e r c i s e s  i nc luded  t h e  u se  

o f  bo th  t h e  medium- and t h e  long-term economic f o r e c a s t i n g  

models of  t h e  Swedish M i n i s t r y  o f  Economic A f f a i r s .  The medium- 

t e r m  model i s  o f  a n  i npu t -ou tpu t  Keynesian t y p e ,  w i th  consump- 

t i o n  and import  f u n c t i o n s  b u t  w i th  exogenous inves tment  v a r i a b l e s .  

The long-term model i s  a  v a r i a n t  o f  m u l t i s e c t o r a l  growth models 

w i th  l i n e a r  energy demand and e x p o r t  and import  f u n c t i o n s .  The 

c o r e  model used i n  t h e  i n v e s t i g a t i o n ,  however, was t h e  g e n e r a l  

e q u i l i b r i u m  model o f  Bergman and Por ( 1 9 8 0 ) .  One r ea son  f o r  

choosing t h i s  a s  t h e  c e n t r a l  model was t h e  f a c t  t h a t  it s i m u l a t e s  

more e f f e c t i v e l y  than  o t h e r  models t h e  s u b s t i t u t i o n  p o s s i b i l i t i e s  

over  t h e  long-term i n  a n  open economy, when t h e  p roduc t i on  f a c t o r  

energy becomes more expens ive  i n  r e a l  terms. However, i t  i s  n o t  

neces sa ry  t o  e l a b o r a t e  on i t s  c o n s t r u c t i o n  a t  t h i s  p o i n t .  I n  

S e c t i o n  3 ,  f u r t h e r  d e t a i l s  o f  i t s  p r o p e r t i e s  a r e  g iven  when 

neces sa ry .  

The economic models used i n  t h e  i n v e s t i g a t i o n  a r e  a lmos t  

one o r d e r  of  magnitude more complex t h a n  t h e  r e g i o n a l  models ,  

a t  l e a s t  w i t h  r e s p e c t  t o  t h e i r  a p p l i c a b i l i t y  t o  t h e  problem of 

a s s e s s i n g  t h e  impacts  of d i f f e r e n t  energy s c e n a r i o s .  Neverthe- 

less,  t h e  rest o f  t h e  paper 1,s devoted t o  a  p r e s e n t a t i o n  o f  

t h e  r e g i o n a l  models,  and t o  a  d i s c u s s i o n  o f  how t h e y  might  be 

developed f o r  i n t e g r a t i o n  w i t h  r e g i o n a l - n a t i o n a l  impact  models.  

3 .  THE REGIONAL MODEL ANALYSES 

3 . 1  The Break-Down Model 

The r e s u l t  o f  t h e  g e n e r a l  e q u i l i b r i u m  model is a  ba lanced  

s i t u a t i o n  i n  t h e  n a t i o n a l  economy. p roduc t i on  f a c t o r s  a r e  used 

such t h a t  no exces s  supp ly  o r  demand e x i s t s .  Th i s  s i t u a t i o n  i s  



of  cou r se  a t t a i n a b l e  o n l y  i n  t h e  long-term, e s p e c i a l l y  i f  t h e  

c u r r e n t  s i t u a t i o n  i s  c h a r a c t e r i z e d  by economic imbalances.  

The i d e a  behind t h e  economic model e x e r c i s e s  a t  t h e  na- 

t i o n a l  l e v e l  i s  simply t o  compare t h e  e q u i l i b r i u m  s t a t e s  i n  t h e  

economy i n  terms of t h e  room f o r  p r i v a t e  consumption and t h e  

e q u i l i b r i u m  economic s t r u c t u r e  f o r  d i f f e r e n t  energy s c e n a r i o s .  

The impact o f  t h e  a b o l i t i o n  of  t h e  n u c l e a r  power s e c t o r  i s  

s imu la t ed  by a h i g h e r  d e p r e c i a t i o n  r a t e  f o r  c a p i t a l  i n  t h e  

n u c l e a r  energy p roduc t i on  s e c t o r .  The o u t p u t  o f  t h e  model 

c o n t a i n s  b o t h  f a c t o r  i n p u t s ,  p roduc t i on  l e v e l s ,  c a p i t a l  s t o c k s ,  

f o r e i g n  t r a d e  d a t a ,  and employment. Employment i s  measured i n  

terms o f  t h e  i n p u t  o f  work-hours needed i n  t h e  v a r i o u s  s e c t o r s .  

The t a s k  of  t h e  break-down model is t o  t r a n s f o r m  t h e s e  

employment r e s u l t s  i n t o  f o r e c a s t s  of  t h e  t o t a l  number o f  pe rsons  

needed t o  perform t h e  neces sa ry  work-hours. Fur thermore ,  t h e s e  

f i g u r e s  a r e  t o  be d i s agg rega t ed  t o  t h e  r e g i o n a l  l e v e l .  Thus, 

t h e  a i m  o f  t h e  break-down model i s  t o  o u t l i n e  t h e  consequences 

o f  a l t e r n a t i v e  n a t i o n a l  energy  s c e n a r i o s  w i t h  r e s p e c t  t o  t o t a l  

employment--or r a t h e r ,  t o t a l  demand f o r  l abo r - - a t  t h e  r e g i o n a l  

l e v e l .  

A.  How w i l l  t h e  t o t a l  l a b o r  demand i n  t h e  r e g i o n s  

be  a f f e c t e d  by changing e q u i l i b r i u m  p a t t e r n s  

o f  p roduc t i on  and employment by s e c t o r  a t  t h e  

n a t i o n a l  l e v e l ?  

B. What are t h e  d i r e c t  e f fec t s - -and  t h e  succeed ing  

i n d i r e c t  ones--of va ry ing  r e g i o n a l  developments 

i n  i n d i v i d u a l  s e c t o r s ,  f o r  example i n  t h e  ene igy  

producing s e c t o r ?  

I n  t h e s e  e x e r c i s e s ,  t h e  break-down model w a s  used i n  con- 

j u n c t i o n  w i t h  t h e  medium- and long-term economic f o r e c a s t s  i n  

Sweden (Sn ickars ,  1 9 7 9 ) .  I n  t h e  economic f o r e c a s t s  a  judgement 

i s  a l s o  made abou t  t h e  r e g i o n a l  development of t h e  l a b o r  supp ly .  

S ince  t h i s  i s  assumed t o  be  independent  o f  t h e  energy system, 

t h e  c u r r e n t  a p p l i c a t i o n  amounts t o  a  comparison o f  d i f f e r e n t  

l a b o r  demand s c e n a r i o s .  



The break-down model i s  v e r y  s i m p l e  and  rests s t r o n g l y  on 

t h e  h i s t o r i c a l  deve lopment  o f  employment by s e c t o r  and  a  b a s i c -  

non-bas i c  h y p o t h e s i s .  I t  may b e  summarized i n  m a t h e m a t i c a l  

form by two sets o f  e q u a t i o n s .  

L e t  t h e  f o l l o w i n g  d e f i n i t i o n s  h o l d  : 

a ( t )  = p o r t i o n  o f  t o t a l  b a s i c  employment i n  i k  
sector  i l o c a t e d  w i t h i n  r e g i o n  k a t  

t i m e  t ( t h e  sum o v e r  k  o f  a i k ( t )  i s  

e q u a l  t o  1 ) ; 

' ik ( t )  = number o f  s e r v i c e  j o b s  i n  s e c t o r  i 

w i t h i n  r e g i o n  k ,  p e r  j o b  i n  r e g i o n  k ,  

a t  t i m e  t i n  r e l a t i o n  t o  t h e  r e l a t i v e  

s i z e  o f  s e c t o r  i a t  t h e  n a t i o n a l  l e v e l ;  
- 
S i ( t )  = t o t a l  number o f  work h o u r s  r e q u i r e d  i n  

s e c t o r  i as g i v e n  by t h e  e q u i l i b r i u m  

model ;  

u i ( t )  = h o u r s  worked p e r  y e a r  and  p e r s o n  i n  

s e c t o r  i a t  t i m e  t; 

x i ( t )  = number o f  b a s i c  employees  i n  s e c t o r  i 

a t  t i m e  t ( t o  be  d e t e r m i n e d )  ; 

y k ( t )  = t o t a l  employment i n  r e g i o n  k a t .  t i m e  t 

( t o  b e  d e t e r m i n e d )  . 

Given t h o s e  r e l a t i o n s ,  t h e  break-down model may b e  summa- 

r i z e d  by t h e  f o r m u l a s  p r e s e n t e d  below. 

' ' i k  ik ( t )  X i  ( t )  + 1 o i k ( t )  Y k ( t )  = S i ( t ) / u i ( t )  1 ( 2 )  
k 



The non-negativity conditions for yk(t) is automatically 

fulfilled under (3) and appropriate choices of uik(t). 

Forecasting using model (1 ) - (3) amounts primarily to 
making good projections of the model parameters. The model 

contains a fundamental basic to non-basic multiplier 

1/(1 - 8 csik(t)) that relates total employment to total 
1 

basic employment, reflecting the combined effect of all the 

parameter forecasts. 

The data set for the parameter forecasts contains con- 

sistent time-series data for a five-year period. The projec- 

tions are made subject to existing detailed sectoral data or 

by some submodel, for example, of the Salter analytic type. 

Two empirical observations may be made in relation to these 

forecasts. The first is that the whole time series seems to 

be necessary to get a good view of the regional development 

in, for instance, the pulp and paper industry. The second is 

that the service ratios are very high in the stagnating regions 

in the north.of Sweden. This is true for the construction 

industry and for several of the public sectors in Sweden 

(education, health care, etc.). The fact that the service 

ratios differ significantly between regions and that these 

sectors account for an expanding portion of the total employ- 

ment in Sweden make it important to disaggregate the model 

consj-derably for the service sector. Thus, the Swedish break- 

down model for the public sector is one of the most disaggre- 

gated when compared with other national-regional models. 

3.2 Micro-Oriented Sector Studies 

An aggregated break-down model of the type described above 

is too coarse to identify all the regionalized labor demand 

consequences, even though it is theoretically possible to build 

in a submodel for each sector where more detailed knowledge 

about that sector is included. In the nuclear power application, 

a significant result was that scarcity prices had to be used 

to keep down electricity demand for households and industry. 

This implies that a closer investigation should be made concer- 

ning the electricity-dependence of energy-intensive firms at 

the regional level. 



Such a n  a n a l y s i s  is e s p e c i a l l y  war ran ted  i n  a c o u n t r y  such 

a s  Sweden, w i t h  i t s  l a r g e  s u r f a c e  a r e a  and low p o p u l a t i o n  dens i -  

t y .  Many s m a l l  towns and v i l l a g e s  i n  Sweden a r e  dependent  on 

on ly  one  dominant i n d u s t r i a l  e n t e r p r i s e ,  a s i t u a t i o n  most common 

i n  t h e  n o r t h e r n  and middle  p a r t s  o f  Sweden. A f u r t h e r  complica- 

t i n g  f a c t o r  i s  t h a t  t h e s e  f i r m s  a r e  most common i n  energy- in ten-  

s i v e  s e c t o r s .  Economies o f  s c a l e  have l e d  t o  a c o n c e n t r a t i o n  o f  

p roduc t i on  i n ,  f o r  example, t h e  pu lp  and paper  i n d u s t r y ,  t h e  

meta l  i n d u s t r y ,  and t o  some e x t e n t  i n  t h e  chemical  i n d u s t r y  i n  

a  few l a r g e  p l a n t s .  

To show t h e  r e g i o n a l  c o n c e n t r a t i o n  o f  i n d u s t r y ,  t h e  geogra-  

p h i c a l  s t r u c t u r e  o f  t h e  Swedish steel i n d u s t r y  i s  g i v e n  i n  F igu re  

2 .  There a r e  o n l y  twe lve  works producing commercial s teel .  

According t o  ear l ier  Swedish i n v e s t i g a t i o n s  i n t o  t h e  f u t u r e  o f  

t h e  s teel  s e c t o r ,  some 2,000 o u t  of  46,000 job open ings  ( 1 9 7 8 )  

would have t o  be removed by 1985 .  

I n  t h e  Commission on Consequences, a  s p e c i a l  s t u d y  was per-  

formed t o  a s s e s s  t h e  e f f e c t s  of  a  50 p e r c e n t  p r i c e  i n c r e a s e  i n  

e l e c t r i c i t y  on ene rgy - in t ens ive  i n d u s t r i e s .  The r e s u l t s  showed 

t h a t  t h e  s c r a p  i r o n  works would be t h e  most s e r i o u s l y  a f f e c t e d  

branch o f  t h e  s teel  s e c t o r .  Some 1 ,200 jobs  would have t o  d i s -  

appear  w i t h i n  a  f i ve -yea r  pe r i od  a s  a  r e s u l t  o f  t h i s  p r i c e  s h i f t .  

However, i n  t h e  r e f e r e n c e  c a s e  some of  t h e s e  jobs  are a l s o  l i k e l y  

t o  d i s a p p e a r .  Th i s  i l l u s t r a t e s  t h e  b a s i c  methodolog ica l  problem 

i n  performing a n  impact  a n a l y s i s  w i t h o u t  a  comprehensive modeling 

framework w i t h i n  which t o  e v a l u a t e ,  i n  a  c o n s i s t e n t  way, v a r i o u s  

d i r e c t  and i n d i r e c t  e f f e c t s .  

The purpose  o f  t h i s  paper  i s  n o t  t o  p r e s e n t  and ana lyze  t h e  

r e s u l t s  o f  t h e  s t u d i e s  of ene rgy - in t ens ive  s e c t o r s .  However, 

it should  be s t r o n g l y  emphasized t h a t  such an  a n a l y s i s  w a s  r e g a r -  

ded a s  a  u s e f u l  complement t o  t h e  macro break-down model e x e r c i s e s  

o f  t h e  Commission. S i n c e  one c e n t r a l  r e s u l t  of  i t s  economic 

a n a l y s e s  was t h a t  o n l y  s m a l l  e f f e c t s  on t h e  s e c t o r a l  s t r u c t u r e  o f  

t h e  whole o f  Sweden cou ld  be expec ted  (assuming a  s i t u a t i o n  o f  

f u l l  employment),  t h e  r e g i o n a l  e f f e c t s  were a l s o  r a t h e r  sma l l  a s  

shown by t h e  break-down model. A t  l e a s t  t h i s  was t r u e  f o r  l a r g e  

r e g i o n s  and f o r  t h e  t o t a l  demand f o r  l a b o r .  The mic ro-or ien ted  

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

l o c a l  l e v e l  i n  c e r t a i n  i n d u s t r i a l  s e c t o r s .  
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Figu re  2 .  Regional  s t r u c t u r e  of t h e  Swedish s tee l  i n d u s t r y .  



S i n c e  t h e  measurement o f  t h e  e f f e c t s  o p e r a t e s  a t  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 ,  it i s  n o t . p o s s i b l e  t o  a s c e r t a i n  o f f h a n d  

whe the r  o r  n o t  t h e y  a r e  c o n s i s t e n t .  The f a c t  t h a t  t h e  m i c r o  

a n a l y s e s  a r e  r a t h e r  s h o r t - t e r m  a l s o  makes them t o  a  lesser d e g r e e  

comparable  t o  t h e  medium-term macro a n a l y s e s .  I n  a n  a t t e m p t  t o  

r e c o n c i l e  t h e  two a p p r o a c h e s ,  i n t e r r e g i o n a l  i n p u t - o u p u t  a n a l y s i s  

was a p p l i e d  t o  e s t i m a t e  t h e  t o t a l  i n d i r e c t  employment e f f e c t s  i n  

t h e  r e g i o n a l  p r o d u c t i o n  sys tem o f  t h e  d i s a p p e a r a n c e  o f  job  open- 

i n g s  i n  i n d u s t r i e s  w i t h  a  h i g h  dependence on  e l e c t r i c i t y .  These 

computa t ions  a r e  o u t l i n e d  i n  s u b s e c t i o n  3 . 3 .  

3 . 3  I n t e r r e g i o n a l  Employment M u l t i p l i e r s  

I n t e r r e g i o n a l  i n p u t - o u t p u t  a n a l y s i s  i s  a  u s e f u l  method o f  

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

By means o f  t h i s  t e c h n i q u e  i n t e r a c t i o n s  t h r o u g h o u t  a n  i n t e r r e l a -  

t e d  sys tem o f  r e g i o n s  may be t a k e n  i n t o  a c c o u n t  when a s s e s s i n g  

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

f i n a l  demand changes  and t h e  i n d i r e c t  p r o d u c t i o n  e f f e c t s  o f  

i n i t i a l  p r o d u c t i o n  changes .  

An approach  based  on  i n t e r r e g i o n a l  i n p u t - o u t p u t  would be  

an  a l t e r n a t i v e  t o  t h e  bas ic -non-bas ic  impac t  model d e s c r i b e d  

above.  I t  i s  a  t h e o r e t i c a l l y  much more e l a b o r a t e  approach  b u t  

i t s  u s e f u l n e s s  i s  s e v e r e l y  r e s t r i c t e d  by i t s  mass ive  d a t a  r e q u i r e -  

ments .  A p o s s i b l e  way o f  removing p a r t  o f  t h i s  d i s a d v a n t a g e ,  

a l t h o u g h  w i t h  some l o s s  o f  realism, i s  p r o v i d e d  by S n i c k a r s  

( 1 9 7 8 ) ,  where a  g e n e r a l i z e d  e n t r o p y  method was used  t o  d e r i v e  a 

f u l l  i n t e r r e g i o n a l  i n p u t - o u t p u t  m a t r i x  from b o t h  s u r v e y  and non- 

s u r v e y  d a t a .  The method employed i n  t h e  above-mentioned r e f e r e n c e  

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

f o r  Sweden, adap ted  t o  r e g i o n a l  and s e c t o r a l  p r o d u c t i o n  d a t a  i n  

1975. T h i s  m a t r i x  c o u l d  have been  used  i n  a  number o f  ways f o r  

t h e  r e g i o n a l - e f f e c t  s t u d i e s  o f  t h e  Commission o n  Consequences.  

A .  To o b t a i n  a  r e g i o n a l  break-down o f  n a t i o n a l  p r o d u c t i o n  

f o r e c a s t s  and compar ison  of  a l t e r n a t i v e s  i n  p r o d u c t i o n  

r a t h e r  t h a n  employment t e r m s .  



B.  To a p p l y  r e g i o n a l l y  v a r y i n g  energy  i n p u t  c o e f f i c i e n t s  

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

mate energy  u s e  by r e g i o n .  T h i s  might  a l s o  be  used 

a s  a  c o n s i s t e n c y  check o n  t h e  n a t i o n a l  e n e r g y  demand 

f o r e c a s t s .  

C .  To d e r i v e  t h e  p r o d u c t i o n  n e c e s s a r y  t o  f u l f i l l  t h e  

r e g i o n a l l y  s p e c i f i e d  inves tment  program t o  r e p l a c e  

t h e  c l o s e d  n u c l e a r  power p l a n t s  and/or  t h e  inves tment  

program f o r  t h e  energy s a v i n g s  i n  t h e  b u i l d i n g  s t o c k .  

D .  To d e t e r m i n e  t h e  i n d i r e c t  e f f e c t s  o n  t h e  n a t i o n a l  

economy of  r a t i o n i n g  t h e  energy s u p p l y .  

E .  To e s t i m a t e  t h e  i n d i r e c t  e f f e c t s  o f  a  d e c l i n e  i n  t h e  

p r o d u c t i o n  i n  e l e c t r i c i t y - i n t e n s i v e  s e c t o r s  (see 

s e c t i o n  3 . 2  f o r  a  d e s c r i p t i o n  o f  t h e  i n i t i a l  produc- 

t i o n  d e c r e a s e s ) .  

At tempts  w e r e  made t o  perform a n a l y s e s  o f  t y p e s  A ,  B, and 

E i n  t h e  work o f  t h e  Commission. Case A was n o t  f u l f i l l e d  be- 

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

s t r u c t u r e  o f  employment by t h i s  method compared t o  t h e  b a s i c -  

non-basic  one .  Case B was abandoned because  o f  problems i n  t h e  

c o n s i s t e n c y  checks  w i t h  t h e  n a t i o n a l  ene rgy  demand f o r e c a s t s .  

I n  b o t h  examples,  t h e  d i f f i c u l t i e s  i n  f u l f i l l i n g  t h e  a m b i t i o n s  

a r e  p a r t l y  r e s u l t s  o f  t h e  c l a s s i c a l  c o n f l i c t  between n a t i o n a l  

s e c t o r  f o r e c a s t i n g  and r e g i o n a l  f o r e c a s t s .  I n c o n s i s t e n c i e s  a t  

t h e  n a t i o n a l  l e v e l  a s  i n d i c a t e d  by r e g i o n a l  a n a l y s i s ,  a r e  l i k e -  

l y  t o  be r e g a r d e d  a s  r e f l e c t i o n s  o f  bad r e g i o n a l  d a t a  r a t h e r  t h a n  

a s  c o r r e c t  r e s u l t s  of  more d e t a i l e d  a n a l y s i s .  

The o n l y  a n a l y s i s  o f  t h e  Commission i n  which t h e  i n t e r r e -  

g i o n a l  i n p u t - o u t p u t  method was used was t h a t  o u t l i n e d  i n  c a s e  E .  

The f o l l o w i n g  n o t a t i o n s  a r e  g i v e n  t o  d e s c r i b e  t h i s  a p p l i c a t i o n .  

a t ;  = i n p u t  o f  i n t e r m e d i a r i e s  from s e c t o r  

i, r e g i o n  k  r e q u i r e d  t o  produce  one  

u n i t  o f  o u t p u t  i n  s e c t o r  j ,  r e g i o n  1; 

f t  = f i n a l  demand d e l i v e r i e s  from s e c t o r  

i ,  r e g i o n  k ;  

x i  = p r o d u c t i o n  l e v e l  i n  s e c t o r  i, r e g i o n  k ;  

A: = l a b o r / o u t p u t  r a t i o  i n  s e c t o r  i, r e g i o n  k .  



k k  
L e t  A = {ak1 I b e  a n  nxn-ma t r ix  and  f  = { f . 1 and  x  = {x i  } i j 1 

n - v e c t o r s .  Then, t h e  f u n d a m e n t a l  m a t r i x  e q u a t i o n s  o f  i n p u t -  

o u t p u t  a n a l y s i s  are 

x  = (I-A) -1 f  = Bf , (5) 

where 

k l  B = { b . . )  i s  d e f i n e d  t h r o u g h  r e l a t i o n  (5). 
1 3  

A u n i t  r e d u c t i o n  i n  f i n a l  demand d e l i v e r i e s  f rom ene rgy -  

i n t e n s i v e  s e c t o r  j i n  r e g i o n  1 l e a d s  t o  a  d i r e c t  r e d u c t i o n  i n  

p r o d u c t i o n  o f  t h e  same amount.  Thus,  o n  a v e r a g e ,  employment 

i s  d i r e c t l y  d e c r e a s e d  by A'. From (5) t h e  t o t a l  i n t e r r e g i o n a l  
j 

e f f e c t s  may b e  o u t l i n e d .  L e t  A s 1  b e  t h e  employment d e c r e a s e s  
j 

i n  e n e r g y - i n t e n s i v e  s e c t o r  j ,  r e g i o n  1 t h a t  emerge f rom t h e  

a n a l y s i s  i n  s e c t i o n  3 . 2 .  Then,  t h e  t o t a l  employment e f f e c t  

o f  t h a t  se t  o f  d e c r e a s e s  s h o u l d  b e  d l k r  g i v e n  by  

Of c o u r s e ,  f o r m u l a  (6) i s  o n l y  v a l i d  i n  a n  a v e r a g e  s e n s e ,  

s i n c e  t h e  l a b o r / o u t p u t  r a t i o s ,  f o r  i n s t a n c e ,  are g a t h e r e d  f rom 

a g g r e g a t e  employment a n d  p r o d u c t i o n  d a t a  b y  s e c t o r  a n 1  r e g i o n .  

T a b l e  3 c o n t a i n s  a n  example  o f  t h e  r e s u l t s  o f  s u c h  a n  

employment m u l t i p l i e r  e x e r c i s e ,  a d a p t e d  t o  t h e  p r o d u c t i o n  and  

p r o d u c t i v i t y  c o n d i t i o n s  i n  1 9 9 0 .  

~t is  c l e a r  f rom T a b l e  3 t h a t  t h e  i n d i r e c t  employment m u l t i -  

p l i e r  i s  a round  5 f o r  t h e  steel i n d u s t r y .  T h i s  i s  a c o n s i d e r a b l e  

m u l t i p l i e r  e f f e c t ,  which i s  d u e  t o  t h e  f a c t  t h a t  t h e  s tee l  i n d u s -  

t r y  p r o d u c e s  p r i m a r i l y  i n t e r m e d i a r y  p r o d u c t s  a n d  i s  h i g h l y  

c a p i t a l - i n t e n s i v e .  



Table 3 .  D i r e c t  and i n d i r e c t  employment e f f e c t s  w i t h i n  t h e  
produc t ion  system i n  1990 i f  e l e c t r i c i t y - i n t e n s i v e  
branches  of t h e  s t e e l  s e c t o r  a r e  c l o s e d .  

D i r e c t  I n d i r e c t  Reference 
deve l -  dec rease  employ- opment i n  num- 

ber  of ment f o r  t h e  

jobs whole 
e f f e c t  s e c t o r  

Stockholm reg ion  

East-middle Sweden 

South-east  Sweden 

Southern Sweden 

Western Sweden 

North-west-middle 
Sweden 

Northern Sweden 

Far-nor th  Sweden 

S W E D E N  

I t  i s  a l s o  e v i d e n t  from Table 3  t h a t  t h e  r e f e r e n c e  deve l -  

opment f o r  t h e  s t e e l  s e c t o r  i n  t h e  e i g h t  Swedish r e g i o n s  i s  n o t  

q u i t e  i n  l i n e  w i th  t h e  d i r e c t  employment dec reases  r e s u l t i n g  

from energy p r i c e  i n c r e a s e s .  The n e g a t i v e  i n d i r e c t  employment 

e f f e c t s  s t a t e d  i n  Table 3  a r e  of cou r se  compensated f o r  by 

employment i n c r e a s e s  i n  o t h e r  s e c t o r s .  Among i n d u s t r i a l  s e c t o r s ,  

t h e  major employment i n c r e a s e  i s  fo re seen  i n  t h e  machir 2ry and 

equipment s e c t o r .  Outs ide  i n d u s t r y ,  t h e  major i n c r e a s e  i s  fo re -  

c a s t e d  f o r  t h e  p u b l i c  s e c t o r .  

3 . 4  Summary of r e s u l t s  on r e g i o n a l  e f f e c t s  from t h e  Commission 
on Consequences 

A summary of t h e  b a s i c  r e s u l t s  of t h e  Commission on Conse- 

quences i s  given below, t o g e t h e r  wi th  some obse rva t ions  on t h e  

p o s s i b l e  methodological  causes  f o r  t h e s e  r e s u l t s .  

A t  l e a s t  t h r e e  conc lus ions  may be drawn: 



- t h e  break-down s t u d i e s  i n d i c a t e  minor t o t a l  

r e g i o n a l  e f f e c t s  o f  t h e  n a t i o n a l  energy 

s c e n a r i o s  ; 

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

s e c t o r s  i n d i c a t e  s e r i o u s  problems f o r  s m a l l  

communit ies  w i t h  a  heavy r e l i a n c e  on o n l y  

o n e  o r  a  few e n e r g y - i n t e n s i v e  s e c t o r s ;  

- t h e  i n p u t - o u t p u t  s t u d i e s  i n d i c a t e  a  s p r e a d i n g  

of  t h e  n e g a t i v e  e f f e c t s  of t h e  problems i n  

t h e  e l e c t r i c i t y - i n t e n s i v e  s e c t o r s  t o  a l l  p a r t s  

o f  Sweden, w i t h  a  c o n c e n t r a t i o n  i n  r e g i o n s  

where t h e s e  s e c t o r s  a r e  dominant .  

One d i s a d v a n t a g e  of t h e  break-down method i s  t h a t  it is' 

b a s i c a l l y  a  r e f l e c t i o n  of  a  n a t i o n a l  development  a t  a  r a t h e r  

c o a r s e  s e c t o r a l  l e v e l .  T h i s  l e v e l  i s  n o t  d e t a i l e d  enough t o  

s i n g l e  o u t  t h e  e n e r g y - i n t e n s i v e  p a r t s  o f  t h e  economy and 

p o s i t i v e  and n e g a t i v e  e f f e c t s  may b e  smoothed o u t  a g a i n s t  each  

o t h e r .  The b a s i c  r e g i o n a l  paradigm behind t h i s  approach  i s  t h a t  

t h e  r e g i o n a l  a d j u s t m e n t s  a r e  e q u a l l y  a s  smooth a s  t h e  n a t i o n a l  

o n e s .  I f  t h e r e  i s  r 'eason t o  b e l i e v e  t h a t  t h i s  does  n o t  h o l d  

t r u e ,  a  more d e t a i l e d  and mic ro -or ien ted  approach i s  n e c e s s a r y .  

Such a n  a t t e m p t  h a s  a l s o  been made i n  t h e  work o f  t h e  Commis- 

s i o n .  

4 .  TOWARDS AN INTEGRATED REGIONAL ANALYSIS OF ENERGY SCENARIOS 

The o r g a n i z a t i o n  of  t h e  work and t h e  q u a n t i t a t i v e  methods 

used i n  a n  i n v e s t i g a t i o n  of  t h e  e f f e c t s  o n  t h e  Swedis,l economy 

of  d i s p e n s i n g  w i t h  t h e  n u c l e a r  power s e c t o r  h a s  been d e s c r i b e d .  

S e v e r a l  t y p e s  of  q u a n t i t a t i v e  models o f  v a r y i n g  complex i ty  were 

used by t h e  Commission. A n  i n t e g r a t i o n  o f  t h e  model r e s u l t s  was 

a t t e m p t e d  by an  i t e r a t i o n  p rocedure  between working g roups .  

S e v e r a l  fundamenta l  q u e s t i o n s  o f  c o n s i d e r a b l e  methodologi-  

c a l  and f a c t u a l  i n t e r e s t  may be r a i s e d  i n  r e l a t i o n  t o  such a  

s t u d y .  

- A r e  t h e  r e s u l t s  o f  t h e  s t u d i e s  s u b j e c t  t o  uncer-  

t a i n t y  and f o r  what p r i n c i p a l  r e a s o n s ?  



- To what e x t e n t  could a p o s s i b l e  degree  of 

u n c e r t a i n t y  i n  t h e  r e s u l t s  be removed by 

us ing  a more i n t e g r a t e d  s e t  of model ap- 

proaches? 

- Would t h e  economic consequences a t  t h e  

n a t i o n a l  l e v e l  be d i f f e r e n t  i f  a  r e g i o n a l l y  

s p e c i f i e d  gene ra l  equ i l i b r ium model had 

been used? 

Without going i n t o  a d e t a i l e d  argument concerning t h e s e  

q u e s t i o n s ,  it should be emphasized t h a t  an assessment  of t h e  

consequences i n  t h e  medium- and long-term of d i f f e r e n t  energy 

s c e n a r i o s  i s  of cou r se  s u b j e c t  t o  a cons ide rab le  degree  of 

both  s t a t i c  and dynamic u n c e r t a i n t y  ( i n t e r n a t i o n a l  economic 

development, energy p r i c e s ,  s t a b i l i z a t i o n  prob lems) .  I t  i s  

a l s o  s e l f - e v i d e n t  t h a t  an i d e a l  s e t  of  models could  sharpen 

t h e  r e s u l t s  f u r t h e r .  Such models would have t o  be s p e c i a l l y  

designed a s  a set,whose major f e a t u r e  should be t h a t  it pro- 

duces i n t e r n a l l y  c o n s i s t e n t  r e s u l t s .  Using such a s e t  o f  

models, t h e  number of  s e n s i t i v i t y  t e s t s  performed on exogenous 

d a t a  could be i n c r e a s e d ,  which would i n  f a c t  t end  t o  reduce t h e  

degree  of  u n c e r t a i n t y  i n  t h e  r e s u l t s .  The success  of  an i n t e -  

g r a t e d  model system would depend on whether t h e  approach a s  such 

were accep ted  by t h e  working group members. 

I t  might we l l  be t h e  c a s e  t h a t  such a set  of models should 

o p e r a t e  a t  t h e  r e g i o n a l  l e v e l .  This  should d e f i n i t e l y  be t h e  

ca se  i n  a count ry  where t h e r e  a r e  l a r g e  r e g i o n a l  d i f f e r e n c e s  i n  

t h e  economic c o n d i t i o n s  and s t r u c t u r e s .  I n  a count ry  here  no 

l a r g e  r e g i o n a l  d i f f e r e n c e s  i n  f a c t o r  endowments and demand con- 

d i t i o n s  e x i s t ,  f o r  example f o r  t h e  energy s e c t o r ,  such a r eg io -  

n a l  s p e c i f i c a t i o n  may n o t  be necessary .  

Returning t o  t h e  Swedish s tudy ,  it is q u i t e  c l e a r  t h a t  an  

i n t e g r a t e d  r e g i o n a l  a n a l y s i s  of n a t i o n a l  energy s c e n a r i o s  would 

be warzanted.  Sweden has  cons ide rab le  r e sou rces  of renewable 

energy wi th  a non-uniform r e g i o n a l  d i s t r i b u t i o n .  I t  has  a r e -  

g i o n a l l y  vary ing  produc t ion  s t r u c t u r e .  This  means t h a t  t h e  

r eg iona l  impacts of d i f f e r e n t  n a t i o n a l  energy s c e n a r i o s  should 

v a r x  a t  l e a s t  i f  t h e  e f f e c t s  a r e  eva lua t ed  i n  dimensions o t h e r  



t h a n  t h a t  o f  employment. I t  a l s o  means t h a t  r e g i o n a l  and l o c a l  

v a r i a n t s  of  e n e r g y  s u p p l y  sys t ems  a r e  q u i t e  c o n c e i v a b l e  and 

s h o u l d  b e  a n a l y z e d .  

A c o o r d i n a t e d  se t  of  r e g i o n a l  models  f o r  e n e r g y  sys t ems  

a n a l y s i s  c o u l d  p o s s i b l y  b e  i n t e g r a t e d  i n t o  a  comprehens ive  

r e g i o n a l - n a t i o n a l  p o l i c y  e v a l u a t i o n  model o f  t h e  t y p e  d e v e l o p e d ,  

f o r  e x a m p l e t i n  F rance  ( t h e  REGINA model o f  C o u r b i s  and C o r n i l l e a u  

(1978)) ,  o r  i n  s e v e r a l  o t h e r  European c o u n t r i e s .  Such p romis ing  

model ing  work h a s  a l s o  been  i n i t i a t e d  i n  Sweden, see e s p e c i a l l y ,  

t h e  work o f  L u n d q v i s t  (1980)  b u t  a l s o  t h e  n a t i o n a l - r e g i o n a l  f o r e -  

c a s t i n g  model o f  Granholm and S n i c k a r s  (1 979) . 
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