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INTRODUCTION 

Anatoli Srnyshlyaev 
International Institute for Applied Systems Analysis, Laxenburg, Austria 

The 4th Task Force Meeting on Input-Output Modeling, held at Laxenburg 
29 September-1 October 1983, reviewed results achieved by IIASA alumni and 
collaborators in intersectoral modeling (particularly in connection with the 
INFORUM Project) and also helped to open up new areas for future research 
with newcomers to the INFORUM-IIASA group. One of the advantages of this 
series of meetings is that most of the participants have been acquainted for 
many years, which makes the discussion of rather specialized and advanced 
research, instead of wide (and necessarily cursory) explanations of the 
models themselves far easier. 

Although input-output modeling is currently less "fashionable" than it 
was (perhaps in itself a sign of maturity), many research institutes use 110 
models as one of the main techniques in studying interindustry interactions. 
The general framework of the research pursued by IIAsA's collaborators has 
not changed much over the last few years but significant improvements to some 
models have taken place--involving model closure, semidynamic features, more 
realistic treatment of price-side and income distribution problems, linkage 
with macro models, etc. The software for INFORUM (LIFT) has also undergone 
major development at the University of Maryland. 

The most important question at the 1983 Meeting was to what extent 110 
modeling efforts allow us to capture the substance of policy issues, for 
example, energy-conversion problems, changes in consumer behavior patterns, 
and aspects of foreign trade under new world market conditions. During the 
Meeting we tried to emphasize lessons derived from our experience of analyses 
and forecasts based on 110 techniques, so as to concentrate future IIASA re- 
search as far as possible on issues of real priority. The "goodness of fit" 
of models for resolving these problems (both in modeling and in practice) 
was discussed in some depth. 

In all, 33 participants from 19 countries (14 of which have IIASA 
National Member Organizations) attended the Meeting and 28 papers were pre- 
sented. Fruitful discussions took place that will greatly assist us in 
focusing IIASA's research activities in 1984. Discussions at the Task Force 
Meeting also gave rise to plans for a users' meeting to be held in early 
1984: this will concentrate on the practical economic and computing problems 
associated with models of the INFORUM family. There was also considerable 
discussion about the problems of moving programs from computer to computer 
and from country to country. Work at IIASA has begun to solve some of these 
problems. One potential solution, the transfer of the software to a 
"universal" microcomputer, received much attention at the meeting but no 
specific plan of action was agreed upon. 



For t h i s  proceedings volume we have decided t o  group t h e  papers  i n t o  
t h r e e  s e c t i o n s ,  each c o n s i s t i n g  of approximately t e n  papers ;  t h e s e  do no t  
n e c e s s a r i l y  correspond t o  t h e  o r i g i n a l  o rder  of p r e s e n t a t i o n .  The t h r e e  sec- 
t i o n s  of t h e  volume may be b r i e f l y  descr ibed a s  fo l lows.  

I. STRUCTURAL CHANGES: RESULTS AND LESSONS FROM MODELING WORK 

CZopper AZmon, t h e  founder of t h e s e  a c t i v i t i e s  a t  IIASA and t h e  l e a d e r  
of t h e  INFORUM team a t  t h e  Un ive rs i t y  of Maryland, g i ves  an overview of re-  
cent  developments i n  t h e  model of t h e  US economy. He and h i s  group view t h e  
78-sector model a s  a  macro model, y e t  i t  is  a l s o  a  ve ry  s o p h i s t i c a t e d  semi- 
dynamic model w i t h  f u l l  p r i c e  and income-d is t r ibut ion account ing.  He g ives  
some examples of the  usage of t h i s  model and of a  d isaggregated (425-sector)  
model f o r  techno log ica l  assessments and f o r e i g n  t r a d e  i s s u e s ,  a s  w e l l  a s  
devot ing some t ime t o  ques t ions  of improving t h e  sof tware and making i t  oper- 
a t i o n a l  on microcomputers. A few emp i r i ca l  r e s u l t s  a r e  a l s o  given a s  exam- 
p l e s  t o  show t h e  power of t h e  model. CZaire DobZin's paper r e p o r t s  pre l imin-  
a r y  conc lus ions of an a n a l y s i s  of US d a t a .  She cons ide rs  t h e  exper ience of 
127 i n d u s t r i e s  a t  t h e  3-d ig i t  SIC l e v e l  of aggregat ion over t h e  l a s t  two 
decades t o  d i s t i n g u i s h  "winners" and " lose rs "  i n  terms of r a t e s  of growth, 
ana lyz ing t h e  i n d u s t r i e s  from both t h e  output  and t h e  resources  s ides .  Among 
h e r  f i n d i n g s  she  p o i n t s  out  t h a t  t h e  pace and magnitude of s t r u c t u r a l  change 
make i t  very  d e s i r a b l e  t o  use  I f 0  techniques i n  f u t u r e  es t ima tes  o f ,  f o r  
example, energy demand. I n  some senses  h e r  paper is complementary t o  Almon's 
modeling overview. Rolf PiepZow's paper g i ves  an overview of t h e  a p p l i c a t i o n  
of I f 0  models t o  development p o l i c y  i s s u e s  i n  t h e  GDR. Pieplow desc r ibes  a  
macro model c o n s i s t i n g  of 18 branches and a d isaggregated model w i th  about 
600 e n t r i e s ,  thus  showing some s i m i l a r i t i e s  w i t h  Almon's work. One d i s t i n c -  
t i o n  is  t h a t  Pieplow f i n d s  t h e  method u s e f u l  f o r  short-run p r o j e c t i o n s  wh i le  
Almon a p p l i e s  a  425-sector model f o r  a  3- t o  5-year t ime hor izon. The paper 
emphasizes t h e  need f o r  d i saggrega t ion  when cons ide r ing  techno log ica l  assess -  
ment, adap ta t ion  t o  energy i n t e r a c t i o n s  on the  world market,  e t c .  

Sam OZofin examines methodological  problems r e l a t e d  t o  I f 0  modeling f o r  
developing coun t r ies .  The most important invo lve t h e  i n t e r f a c e  between input -  
output  and econometr ics,  t h e  degree of cons is tency  of d a t a  suppl ied by a  v a r i -  
e t y  of economic agen ts  f o r  use  w i th in  t h e  I f 0  framework, and t h e  r e g u l a r i t y  o r  
comparabi l i ty  of compiled I f 0  da ta .  In  O l o f i n ' s  view, a s  t h e  d a t a  s i t u a t i o n  
improves, I / O  econometr ic models w i l l  p rog ress ive ly  be of much more use  f o r  
p r o j e c t i o n s  than w i l l  macro models. 

Douglas Nyhus p r e s e n t s  l e s s o n s  der ived from s imu la t ions  of t h e  Japanese 
I f 0  model. H i s  paper cons ide rs  t h e  sources  of s t r u c t u r a l  changes a s  measured 
by f i n a l  demand growth and composit ion a s  w e l l  a s  by technology d i f f u s i o n  ex- 
pressed i n  terms of changing t e c h n i c a l  c o e f f i c i e n t s .  The model (which i s  i n  
f a c t  t h e  new vers ion  of t h e  INFORUM model f o r  Japan) is a l s o  used f o r  long- 
term f o r e c a s t i n g  t o  i l l u s t r a t e  t h e  consequences of expected and observed 
changes i n  t h e  a r e a s  of f i n a l  demand and t e c h n i c a l  c o e f f i c i e n t s  over t h e  l a s t  
few years .  I n  some r e s p e c t s  t h e  paper by Andor Csepinszky is  r e l a t e d  t o  
Nyhus' con t r ibu t ion .  I t  d e a l s  w i th  changes i n  f i n a l  demand i n  t h e  Hungarian 
economy dur ing t h e  1970s a t  a  r a t h e r  aggregated l e v e l  (9 branches) .  Calcu- 
l a t i o n s  have been made i n  both cons tan t  and c u r r e n t  p r i c e s ,  f o r  which I f 0  
t a b l e s  a r e  a v a i l a b l e  i n  Hungary f o r  t h e  per iod 1970-79. 

AnatoZi SmyshZyaev and Georgi Sychev's paper d e a l s  w i th  t h e  econometric 
modeling of investment ,  which is a c r u c i a l  po in t  i n  improving t h e  dynamic 
p r o p e r t i e s  of an I f 0  model. S tud ies  of a  l a r g e  amount of d a t a  on f i xed  pro- 
d u c t i v e  c a p i t a l  a s s e t s ,  investments ,  "unf in ished cons t ruc t ion" ,  e t c . ,  show 
s i g n i f i c a n t  s t r u c t u r a l  changes i n  USSR investment p o l i c y  over t h e  l a s t  two 
decades and h i g h l i g h t  t h e  d i f f i c u l t i e s  of app ly ing some s tandard econometric 



techniques to model it. Predictive power and ex-post simulation results are 
considered as appropriate tests for the investment side of 110 models. 

Bernhard BBhm's paper reconsiders traditional ways of modeling consumers' 
behavior in an 110 framework. His own approach concentrates on the implica- 
tions arising from maximization of an intertemporal utility function of gener- 
al functional form. This approach is applied to Austrian data to demonstrate 
the advantages and disadvantages of different simplified specifications usu- 
ally introduced in 110 modeling efforts. Georg Erber reports some results of 
statistical analysis of data to be modeled in an 110 framework. Some simple 
regressions are used to identify the relationships between overall economic 
growth and the sectoral structure of the labor force and income. These res- 
ults are obtained from a 51-sector model and Erber emphasizes certain weak- 
nesses inherent in applying a uniform and relatively simple model to many 
sectors. 

The first section closes with a paper by Maurizio Ciaschini, which deals 
with the development of the price side of the Italian model INTIMO. Wages 
and salaries, which constitute the main difficulty in the estimation of the 
cost structure, are modeled for 36 sectors. Rather short time-series (1971- 
80) are used to identify the impact of labor productivity, split into two 
variables--output and employment growth, on the relative wage rates across 
sectors. Only a few of the parameters considered are found to be significant 
in this particular econometric study. 

11. INTERNATIONAL TRADE: IMPACT AND POLICY ISSUES 

The group of papers in the second section of the volume are tied together 
by their focus on trade related issues. The first three papers comment on the 
structure of trade for specific countries: Hungary, Austria, and Italy. The 
next four contributions are all related by their association with the NordHand 
model system. The final paper discusses a model of interdependent structural 
change within the European Communities. 

In the first paper, Andras Simon develops a set of equations to forecast 
Hungarian exports and imports on a sectoral basis. The paper first investi- 
gates the extent to which sectoral trade is based on comparative costs. Simon 
concludes that most Hungarian exports are not cost generated but demand gener- 
ated, subject to production capability. The export equations are broken down 
into three categories: demand-pull industries, supply-push industries, and 
demand-pull industries with supply constraints. Hungarian imports are not 
found to be price sensitive and the overall pattern of trade is not found to 
have any significant impact on the terms of trade over time. Josef Richter 
then examines the interesting question of the use of import share matrices 
to link total demand with import demand. Within the context of Austria, he 
shows that the use of import share matrices sheds considerable light on the 
behavior of imports by industries that are characterized by high shares of 
intermediate sales. In the third paper, by Maurizio Grassini, the overall 
patterns of Italian foreign trade are investigated. The increasing impor- 
tance of foreign trade in the Italian economy is discussed and then a sectoral 
breakdown of imports and exports as a proportion of domestic demand follows. 
The paper concludes with a quantitative estimation of sectoral trade equations 
of the Italian economy. Nearly half of the import equations and about one 
quarter of the export equations are estimated to be price inelastic. 

The papers from the NordHand group of modelers (in Denmark, Finland, 
Norway, and Sweden) follow a specific sequence. The first paper in the group 
is a general description of the model system. It is followed by a paper on 
trade data for the Nordic countries and a brief description of trade among 
them. The next paper presents the theoretical basis for evaluating a curren- 
cy devaluation within the NordHand group. The final paper in this group then 



e s t i m a t e s  t h e  e f f e c t s  of a  hypo the t i ca l  Swedish deva lua t ion  of 10%. Th is  
s e t  of papers  is a  good example of t h e  f r u i t s  of c a r e f u l  i n t e r n a t i o n a l  co- 
opera t ion  i n  model bu i l d ing ,  e s p e c i a l l y  i n  l i nked  t r a d e  models. Much of t h e  
work repor ted  i s  st i l l  i n  i ts  e a r l y  s t a g e s ,  bu t  t h e  l e v e l  of coopera t ion  and 
cons is tency  shown i n  t h e s e  fou r  papers  is impress ive.  The papers  show t h e  
importance of an organizational commitment t o  a  system of l i nked  models. 

I n  t h e  f i r s t  paper i n  t h e  NordHand group, Paal Sand and Gunnar So l l ie  
prov ide a  t e c h n i c a l  d e s c r i p t i o n  of t h e  NordHand model system. It i s  b a s i c a l l y  
a  system of f o u r  n a t i o n a l  input -output  models c a r e f u l l y  l i nked  t o  each o t h e r  
through a  t r a d e  s e c t o r  model. The d e s c r i p t i o n  of t h e  f i r s t  v e r s i o n  of t h i s  
t r a d e  model i s  t h e  major c o n t r i b u t i o n  o f  t h i s  paper.  I n  t h e  subsequent paper 
by Bent Thage and Arvid Jakobsen, t h e  t r a d e  d a t a  base  f o r  1970-81 used by t h e  
NordHand model is expla ined.  They a l s o  p resen t  a  b r i e f  survey of t h e  b a s i c  
c h a r a c t e r i s t i c s  of t r a d e  w i t h i n  and o u t s i d e  of t h e  NordHand group. The t h i r d  
paper i n  t h i s  group, by Sturla Henriksen, develops a  genera l i zed ,  world t r a d e  
model based on t h e  assumptions of p r o f i t  maximizat ion and imper fec t  competi- 
t i o n .  Th is  model i s  t hen  reduced t o  t h e  c u r r e n t  s t a t u s  of t h e  NordHand model 
systems and a  t h e o r e t i c a l  approach t o  e v a l u a t i n g  a  cur rency deva lua t ion  is 
put  forward. That approach is made c a r e f u l l y  c o n s i s t e n t  w i th  t h e  c u r r e n t  
l i m i t a t i o n s  of t h e  NordHand t r a d e  model s o  t h a t  an a c t u a l  a p p l i c a t i o n  i s  pos- 
s i b l e .  D e t a i l s  o f  t h i s  p r a c t i c a l  a p p l i c a t i o n  a r e  found i n  t h e  nex t  paper by 
Hans Olsson, who uses  a  two-sector commodity grouping f o r  homogenous and h e t e r -  
ogenous products  t o  e v a l u a t e  t h e  impact of a  10% Swedish deva lua t ion .  The 
b a s i c  framework of t h e  NordHand model i s  used t o  t r a c e  through t h e  s e p a r a t e  
impacts of t h e  deva lua t ion  i n  each of t h e  fou r  c o u n t r i e s .  The process r e l i e s  
on independent e s t i m a t e s  of import and market-share e l a s t i c i t i e s .  The absence 
of e s t i m a t e s  of those  e l a s t i c i t i e s  a t  t h e  36-sector l e v e l  p r o h i b i t e d  t h e  ex- 
t e n s i o n  of t h i s  approach t o  t h e  f u l l  s e c t o r a l  l e v e l  p o s s i b l e  w i t h i n  t h e  Nord- 
Hand system, bu t  it seems l i k e l y  t h a t  ex tens ions  of t h i s  s o r t  w i l l  soon be  
forthcoming. 

The f i n a l  paper i n  t h e  s e c t i o n ,  by Michael Landesmann, r e p o r t s  on a  ve ry  
ambi t ious e f f o r t  t o  e v a l u a t e  a  model of interdependent s t r u c t u r a l  change with- 
i n  t h e  European communities. The model focuses  on t h e  compet i t i ve  performance 
of i n d u s t r i e s  and t h e  evo lu t i on  of world and domest ic market sha res .  The model 
seeks  t o  exp lo re  t h e  p a t t e r n  of d i s p r o p o r t i o n a l  s e c t o r a l  growth a c r o s s  econo- 
m i e s  and uses  measurements of t h e  r e l a t i v e  supply  c h a r a c t e r i s t i c s  t o  e x p l a i n  
market sha re .  

111. INTERINDUSTRY INTERACTIONS AND ENERGY ANALYSIS 

The t h i r d  s e c t i o n  of t h e  volume c o n t a i n s  t e n  papers  t h a t  focus on t h e  
emp i r i ca l  a n a l y s i s  of s t r u c t u r a l  change. 

The f i r s t  group of papers  d e a l s  w i th  changing i n t e r m e d i a t e  c o e f f i c i e n t s .  
Lucja Tomaszewicz d e s c r i b e s  t h e  a p p l i c a t i o n  of a  method t h a t  combines t rend  
f o r e c a s t i n g  of important 110 c o e f f i c i e n t s  and t h e  f a m i l i a r  RAS techn ique.  Sev- 
e r a l  measures of t h e  importance of 110 c o e f f i c i e n t s  and a l t e r n a t i v e  t rend  func- 
t i o n s  a r e  t e s t e d  on t h e  b a s i s  of t ime-se r ies  d a t a  f o r  t h e  P o l i s h  economy. Osmo 
ForsseZl p r e s e n t s  t h e  r e s u l t s  of some h i s t o r i c a l  s t u d i e s  and p o i n t s  o u t  t h a t  
changes i n  i n p u t  c o e f f i c i e n t s  a r e  caused by t h r e e  f a c t o r s :  pure techno log ica l  
changes, changes i n  t h e  product  mix of i n d u s t r i e s ,  and d i f f e r e n c e s  i n  t h e  u n i t  
p r i c e s  of i n p u t  f a c t o r s .  Though i s o l a t i o n  of those  f a c t o r s  is very  d i f f i c u l t ,  
a  c ross -sec t ion  a n a l y s i s  on t h e  u n i t  l e v e l  l e a d s  t o  t h e  conc lus ion t h a t  two- 
t h i r d s  of t h e  change i n v e s t i g a t e d  can be  a t t r i b u t e d  t o  changes i n  product mix. 
I f  t h e  most impor tant  c o e f f i c i e n t s  a r e  es t ima ted  c o r r e c t l y  t h e  e r r o r s  caused 
by changing 110 c o e f f i c i e n t s  is found t o  be r a t h e r  smal l .  Therefore  t h e r e  is 
a  c l e a r  need f o r  someone t o  concen t ra te  on exp la in ing  changes i n  s t r a t e g i c  
c o e f f i c i e n t s .  



Within t h e  genera l  framework of t h e s e  arguments Chr is t ian Lager exp la ins  
t h e  changes of energy c o e f f i c i e n t s  of some major energy- in tens ive branches of 
t h e  Aus t r i an  economy i n  terms of t h e  change of product mix of those branches 
and o t h e r  f a c t o r s  expressed by a  cons tan t  r a t e  of growth of t e c h n i c a l  p rog ress  
and a l t e r n a t i v e l y  by p r i c e  e l a s t i c i t i e s .  Bes ides t h e s e  e m p i r i c a l  r e s u l t s ,  t h e  
paper i n d i c a t e s  a  techn ique f o r  e s t i m a t i n g  more homogenous, commodity-related 
i n p u t  c o e f f i c i e n t s  combining aggrega te  i n d u s t r y  s t a t i s t i c s  and d isaggregated 
commodity d a t a .  Phi! Erdllsi has  examined t h e  f a c t o r s  mentioned above a s  poten- 
t i a l  causes  of s h i f t s  i n  t h e  energy c o e f f i c i e n t  of an economy and he f i n d s  

t h a t  t h e i r  e f f e c t s  can p o i n t  i n  d i f f e r e n t  d i r e c t i o n s .  For t h e  Hungarian eco- 
nomy he  shows t h a t  product-mix and technology e f f e c t s  cause a f a l l  i n  energy/  
ou tpu t  r a t i o  wh i le  s h i f t s  away from energy- in tens ive i n d u s t r i e s  make t h e  ener-  
gy c o e f f i c i e n t  r i s e .  

The second group of papers i n  t h i s  s e c t i o n  might be  c h a r a c t e r i z e d  a s  
exp lo r ing  t h e  use of t r a d i t i o n a l  techn iques.  EZZen PZdger subd iv ides  t h e  
changes i n  t h e  energy consumption of Danish i n d u s t r i e s  f o r  t h e  y e a r s  1966-79 
i n t o  a  p a r t  caused by changes i n  technology and a  p a r t  caused by changing 
f i n a l  demand. She f u r t h e r  ana lyzes  whether t h e  s h i f t s  between Danish domest ic 
p roduc t ion  and impor ts  i n f l uence  energy consumption. F i n a l l y  s h e  i l l u s t r a t e s  
how t h e  r e s u l t s  of such an a n a l y s i s  a r e  a f f e c t e d  by t h e  methods and concepts  
used f o r  compi l ing t h e  I / O  t a b l e s .  

For some s p e c i f i c  a n a l y t i c a l  q u e s t i o n s  i t  seems a p p r o p r i a t e  t o  d isaggre-  
g a t e  some s e c t o r s  of t h e  normal I / O  t a b l e s  and t o  r e p l a c e  v a l u e  f lows by 
q u a n t i t y  da ta .  Th is  approach, which was emphasized by Wassi ly Leont ie f  du r ing  
a  conference on t h e  I n t e r n a t i o n a l  Use of I / O  Modeling (Dortmund 1982),  has 
been used t o  c o n s t r u c t  I / O  t a b l e s  of t h e  energy f lows f o r  seven member coun- 
t r i e s  of t h e  European Community f o r  t h e  year  1975. Heinz MUrdter begins by 
g i v ing  an overview on t h i s  k ind of t a b l e  and e l a b o r a t e s  a  t h e o r e t i c a l  frame- 
work f o r  I / O  energy a n a l y s i s  emphasizing t h e  well-known double-account ing 
problem. Then he subd iv ides  t h e  pr imary  energy con ten t  of f i n a l  demand f o r  
European Community c o u n t r i e s  i n t o  domest ic and f o r e i g n  requ i rements ,  b e f o r e  
c a l c u l a t i n g  t h e  pr imary energy con ten t  of e x p o r t s  and impor ts  and i d e n t i f y i n g  
n e t  consumers and s u p p l i e r s  of energy.  

Another approach t o  t h e  t rea tmen t  of q u a n t i t y  d a t a  i s  p resen ted  by 
Christ i rm Lager, Karl MusiZ, and J i r i  SkoZka. Data on Aus t r i an  energy balan- 
c e s  f o r  t h e  pe r iod  1955-80 a r e  ar ranged w i t h i n  a  r e c t a n g u l a r  I / O  system con- 
t a i n i n g  t ime s e r i e s  of make and use i n d i c e s  f o r  t h e  energy-conversion s e c t o r  
and m a t r i c e s  of f i n a l  energy use.  With t h e  he lp  of t h i s  framework, t o t a l  
pr imary energy c o n t e n t s  of secondary energy c a r r i e r s  a r e  c a l c u l a t e d  and d i -  
r e c t  and i n d i r e c t  i n t e r a c t i o n s  of energy c a r r i e r s  a r e  analyzed on bo th  an 
i n t e r s e c t o r a l  and an in te r tempora l  b a s i s .  

As an example of how I / O  models might be app l i ed  t o  s p e c i f i c  long-term 
economic problems, David Robison d e s c r i b e s  t h e  a p p l i c a t i o n  of INFORUM-type 
models f o r  s p e c i a l  ques t ions  d e a l i n g  w i th  t h e  long-run p r o f i t a b i l i t y  of 
e t h a n o l  product ion.  A submodel con ta in ing  a l l  t h e  necessary  in format ion on 
t h e  s e c t o r a l  d e t a i l  f o r  c a l c u l a t i n g  t h e  p r i c e  a t  which e t h a n o l  product ion 
cou ld  be  p r o f i t a b l e  i s  l i nked  t o  t h e  INFORUM aggrega te  I / O  model (LIFT), 
which p rov ides  c o n s i s t e n t  in format ion about t h e  observed economic s t r u c t u r e .  
This is a good example of t h e  I / O  approach being app l i ed  t o  new technolog ies .  

The l a s t  two papers  i n  t h e  volume d i s c u s s  f a c t o r s  connected w i th  changes 
i n  t h e  s t r u c t u r e  of i n d u s t r i a l  p roduct ion.  While Paozo Caravani, from a 
t h e o r e t i c a l  p o i n t  of view, d e a l s  w i th  t h e  problem of cho ice between r i v a l  
t echno log ies ,  Pave2 Karasz shows, w i th  t h e  he lp  of c l u s t e r  a n a l y s i s ,  t h a t  
energy and meta l  consumption is c l o s e l y  r e l a t e d  t o  t h e  mode of p roduc t ion  
rep resen ted  by s i m i l a r  row c o e f f i c i e n t s .  



We hope t h a t  t h i s  s h o r t  overview of t h e  papers  assembled here  w i l l  g i ve  
some i d e a  of t h e  use fu lness  of econometr ica l ly  backed I / O  models both i n  h i s -  
t o r i c a l  a n a l y s i s  aimed a t  prov id ing b e t t e r  understanding and a s  a  b a s i s  f o r  
c o n s i s t e n t  m u l t i s e c t o r a l  f o r e c a s t i n g .  



I. Structural Changes: Results and Lessons From Modeling Work 





1983 INFORUM MODELING EXPERIENCE: DIVISION OF LABOR 
AMONG MODELS, LONG-RUN STABILITY, AND THE 

ANALYSIS OF PROTECTIONISM 

Clopper Alrnon 
DcJparrrnenr of Economics, University of Marvland, College Park, Maryland, USA 

I w o u l d  L i k e  t o  t a k e  t h i s  o p p o r t u n i t y  t o  s h a r e  w i t h  you, q u i t e  
i n f o r m a l l y ,  some o f  t h e  most i n t e r e s t i n g  developments a t  t h e  In fo rum p r o j e c t  
o v e r  t h e  L a s t  year .  These developments f a l l  i n t o  t h r e e  groups. The f i r s t  
concerns how t o  arrange a  p r o f i t a b l e  d i v i s i o n  o f  Labor among t h r e e  models -- 
an aggregate q u a r t e r l y  model. a  7 8 - s e c t o r  i n t e r i n d u s t r y  macro  model  w i t h  
f u l l  p r i c e  and income a c c o u n t i n g ,  and  a  4 2 5 - s e c t o r  i n t e r i n d u s t r y  model 
which. however, Lacks p r i c e  and income a c c o u n t i n g .  The second g e n e r a l  
s u b j e c t  i s  t h e  dependency o f  t h e  s t a b i l i t y  o f  t h e  78-sector  model on some o f  
i t s  s t r u c t u r a l  equa t ions  i n  ways which were, a t  f i r s t .  unexpected. T h i r d l y  
comes a  b r i e f  r e p o r t  o n  t h e  i n f l u e n c e  o f  e x p o r t s  and  i m p o r t s  o n  v a r i o u s  
i n d u s t r i e s  i n  t h e  USA. T h i s  s tudy considered, o f  course. n o t  o n l y  d i r e c t  
b u t  a l s o  i n d i r e c t  e f fec ts ,  so t h a t  we c o u l d  t a l k  about t h e  impact o f  f o r e i g n  
t r a d e  on t h e  demand for .  say. e l e c t r i c i t y .  F i n a l l y ,  I want t o  m e n t i o n  some 
d e v e l o p m e n t s  i n  c o m p u t i n g  t e c h n o l o g y  t h a t  s h o u l d  g r e a t l y  f a c i l i t a t e  
i n t e r n a t i o n a l  c o o p e r a t i o n  among i n p u t - o u t p u t  model  b u i  l d e r s  and among 
I n f o r u m ' s  p a r t n e r s  i n  p a r t i c u l a r .  

As j u s t  mentioned, we opera te  t h r e e  models o f  t h e  US economy. No one 
o f  them i s  t h e  most comprehens ive  o r  t h e  "bes t " .  Ra ther .  each has i t s  
c a p a b i l i t i e s  and L i m i t a t i o n s .  One o f  our concerns has been, t h e r e f o r e ,  how 
t o  combine them so  t h a t  each c o n t r i b u t e s  what i t  does bes t  t o  a  f o r e c a s t  
t h a t  i s  g e n e r a l l y  c o n s i s t e n t  among a l l  t h r e e .  S i n c e  t h i s  q u e s t i o n  o f  
d i v i s i o n  o f  l a b o r  among mode ls  i s  L i k e l y  t o  a r i s e  i n  o t h e r  countr ies.  our  
t rea tment  o f  i t  may be o f  some genera l  i n t e r e s t .  

The sma l les t  o f  t h e  models i s  an aggrega te  q u a r t e r l y  model w i t h  some 
twenty b e h a v i o r a l  equa t ions  and about a  hundred var iab les .  I t s  s t reng th .  o f  
course .  i s  t h a t  i t  uses q u a r t e r l y  d a t a .  and can be e a s i l y  updated every  
q u a r t e r .  Consequen t l y ,  i t  i s  L i k e l y  t o  p r o d u c e  t h e  b e s t  c u r r e n t  y e a r  
f o r e c a s t s  f o r  t h e  aggregates i t  d e a l s  wi th .  Indeed, s e v e r a l  q u a r t e r s  o f  t h e  
c u r r e n t  year  may a l r e a d y  be known. Even f o r  one year  ahead, i t s  use o f  ve ry  
c u r r e n t  d a t a  may g i v e  t h i s  m o d e l  t h e  a d v a n t a g e  i n  f o r e c a s t i n g  t h e  
aggregates. 

The midd le -s ized  model, i n  t e r m s  o f  i n d u s t r y  d e t a i l ,  i s  a  7 8 - s e c t o r  
a n n u a l  model  knoun  as LIFT (Long-term I n t e r i n d u s t r y  Forecas t ing  Tool).  I t  
generates, i n  a d d i t i o n  t o  f i n a l  demands and i n d u s t r y  outputs. a l s o  income by 
i n d u s t r y .  'This income i s  d i v i d e d  among Labor income, c a p i t a l  income, and 
i n d i r e c t  t a x e s .  From t h e  income b y  i n d u s t r y ,  c o m p l e t e  n a t i o n a l  income 
t a b l e s  a r e  compiled, pe rsona l  income i s  ca lcu lated,  taxes  a r e  computed w i t h  
a  v e r y  d e t a i l e d  t rea tment  o f  t h e  f e d e r a l  income tax, and f i n a l l y  d isposab le  
income i s  ca lcu la ted .  Thus, LIFT c loses  t h e  connec t ion  b e t w e e n  income and 
consumpt ion ,  t h e  L i n k  t h a t  c r e a t e s  t h e  Keynesian m u l t i p l i e r .  Of course, 
LIFT a l s o  makes i n v e s t m e n t  depend upon  o u t p u t ,  so  t h a t  i t  a l s o  has  t h e  



a c c e l e r a t o r .  Thus LIFT i s  f u l l y  capable o f  f o r e c a s t i n g  bus iness cycles. 
The t h i r d  o f  t h e  companions i s  t h e  D e t a i l e d  Output Model, DOM, which i s  

d i s t i n g u i s h e d  by  h a v i n g  425 s e c t o r s .  DOM, however, has no g e n e r a t i o n  o f  
income o r  pr ices,  and borrows i t s  investment  and consumption f o r e c a s t s  f r o m  
LIFT.  The r e a s o n  DOM Lacks these f u n c t i o n s  i s  s imply  t h a t  t h e  d a t a  do n o t  
suppor t  more d e t a i l  i n  income than  was used i n  LIFT. Indeed, L I f T ' s  income 
s i d e  had o n l y  42  i n d u s t r i e s  because d a t a  on t h e  composi t ion o f  va lue  added 
do n o t  e x i s t  a t  t h e  Leve l  o f  L IFT 'S  78 sectors; t h e  42 i n d u s t r i e s  gave  t h e  
c l o s e s t  match we cou ld  get.  

How do t h e  mode ls  work t o g e t h e r ?  The q u a r t e r l y  model and LIFT a r e  
f u n c t i o n a l l y  independent of one another, b u t  t h e  user  can employ one t o  h e l p  
t h e  other .  For example. i f  a t a x  c u t  i s  scheduled t o  come i n  t h e  m i d d l e  o f  
a  c a l e n d a r  y e a r .  t h e  q u a r t e r l y  m o d e l  can e x p r e s s  t h i s  t i m i n g  q u i t e  
p r e c i s e l y .  Because o f  t h e  d i s t r i b u t e d  Lags, a  t e n  p e r c e n t  t a x  c u t  i n  t h e  
l a s t  t w o  q u a r t e r s  has a  d i f f e r e n t  e f f e c t  on a n n u a l  income f r o m  a  f i v e  
percen t  cu t  f o r  a l l  f o u r  quar te rs .  F o r  f o r e c a s t i n g  one y e a r  ahead, such 
t i m i n g  c o n s i d e r a t i o n s  may be q u i t e  impor tan t .  We may, the re fo re ,  want t o  
impose income c a l c u l a t e d  f rom t h e  q u a r t e r l y  model  on  L I F T  f o r  t h e  c u r r e n t  
year  and one year  ahead. Before doing so, however, we would want t o  be sure 
t h a t  t h e  i n v e s t m e n t  used  by  t h e  q u a r t e r l y  model  i s  c o n s i s t e n t  w i t h  t h a t  
generated i n  LIFT. Thus, t h e r e  can be s e v e r a l  i t e r a t i o n s  b a c k  and f o r t h  
be tween t h e  t w o  models .  We do  not, however, aim f o r  abso lu te  i d e n t i t y  i n  
t h e  numbers produced by t h e  two models, o n l y  f o r  g e n e r a l  agreement about t h e  
shor t - te rm out look.  I f  s t r o n g  measures a r e  n e c e s s a r y  t o  g e t  t h i s  g e n e r a l  
agreement. t h e n  something i s  amiss i n  one o r  t h e  o t h e r  model. For example. 
l a s t  December t h e  q u a r t e r l y  model  i n s i s t e d  o n  much s t r o n g e r  g r o w t h  i n  
r e s i d e n t i a l  c o n s t r u c t i o n  i n  1983 t h a n  LIFT had. As a  r e s u l t  o f  comparing 
t h e  two e q u a t i o n s  and compar ing  t h e i r  r e s u l t s  w i t h  o t h e r  f o r e c a s t s ,  we 
c o n c l u d e d  t h a t  t h e  q u a r t e r l y  model was exaggera t ing  t h e  e f f e c t  o f  f a l l i n g  
i n t e r e s t  r a t e s  and t h a t  something c l o s e r  t o  t h e  LIFT f o r e c a s t  shou ld  be o u r  
s t a n d a r d .  I b e l i e v e  t h i s  c o m p e t i t i o n  among mode ls  w i t h i n  a  f o r e c a s t i n g  
group t o  be h e a l t h y  s e l f  d i s c i p l i n e .  

The connect ions between LIFT and DOM a r e  much more f o r m a l  and automated 
t h a n  those between t h e  q u a r t e r l y  model and L IFT .  F o r  example.  D O M  s i m p l y  
t a k e s  t h e  L I F T  f o r e c a s t s  f o r  Personal consumption e x p e n d i t u r e  i n  household 
budget categor ies.  These must t h e n  be m u l t i p l i e d  by  a  b r i d g e  m a t r i x  t o  
c o n v e r t  them t o  i n p u t - o u t p u t  i n d u s t r i e s .  T h i s  b r i d g e  m a t r i x  has n o t  been 
cons tan t  i n  t h e  past  and i s  p r o j e c t e d  t o  change i n  t h e  f u t u r e .  L I F T  has 
e q u a t i o n s  f o r  p r o j e c t i n g  these changes and so does DOM. There is ,  however, 
no  g u a r a n t e e  t h a t  t h e  m a t r i x  p r o d u c e d  by  D O M  w o u l d  a g g r e g a t e  t o  t h a t  
p r o d u c e d  by LIFT. Rather t h a n  f o r c i n g  i t  t o  do so, we have taken  advantage 
o f  t h e  a d d i t i o n a l  i n f o r m a t i o n  i n  t h e  D O M  m a t r i x  and  made i t  t h e  f i n a l  
a u t h o r i t y  i n  t h i s  m a t t e r .  That  is, we aggregate t h e  DOM b r i d g e  m a t r i x  t o  
t h e  LIFT s e c t o r a l  Level  and use t h i s  aggregated m a t r i x  i n  subsequent runs  o f  
LIFT. E x a c t l y  t h e  same technique i s  a p p l i e d  t o  t h e  m a t r i x  t h a t  c o n v e r t s  
i n v e s t m e n t  by p u r c h a s e r  t o  t y p e s  o f  equ ipment  and t o  t h e  m a t r i x  t h a t  
conver ts  c o n s t r u c t i o n  by t ype  t o  m a t e r i a l  r e q u i r e m e n t s .  I n  a l l  o f  these,  
LIFT comple te ly  determines t h e  t o t a l s  f o r  t h e  f i n a l  demand columns w h i l e  DOK 
d e t e r m i n e s  t h e i r  a l l o c a t i o n  t o  i n d u s t r i e s .  LIFT can work independent l y  o f  
DOM, b u t  i f  i t  i s  in formed t h a t  DOM has c rea ted  m a t r i c e s  f o r  it. i t  w i l l  use 
them. 

The m a t t e r  i s  s l i g h t l y  d i f f e r e n t  w i t h  e x p o r t s  and i m p o r t s .  D O M  has a  
c o m p l e t e  s e t  o f  i m p o r t  and e x p o r t  equations, so t h a t  i t  cou ld  generate t h e  
e x p o r t  and i m p o r t  v e c t o r s  w i t h o u t  any knowledge o f  t h e  corresponding v e c t o r s  
i n  LIFT. I n  fact,  however, we impose t h e  LIFT v e c t o r s  on DOM as c o n t r o l s  on 
i t s  e x p o r t  and i m p o r t  v e c t o r s .  Tha t  i s ,  t h e  e x p o r t s  o f  a  g r o u p  o f  D O M  
s e c t o r s  which aggregate t o  a  s i n g l e  LIFT s e c t o r  w i l l  be cons t ra ined  t o  equal  



t h e  e x p o r t s  f o u n d  f o r  t h a t  sec to r  i n  LIFT. There a re  two reasons f o r  t h i s  
p rocedu re .  I n  t h e  f i r s t  p lace ,  t h e  v a r i a b l e s  t h a t  go i n t o  t h e  e x p o r t  

f o r e c a s t s  -- p r i c e s  and f o r e i g n  demands -- a r e  r e a l l y  a t  t h e  LIFT l e v e l  
r a t h e r  t h a n  t h e  D O M  l e v e l ,  so L I F T  i s  mak ing  use o f  r o u g h l y  t h e  same 
i n f o r m a t i o n  as i s  DON. Secondly, t h i s  p r a c t i c e  makes LIFT c o n s i s t e n t l y  t h e  
boss o f  aggregate f i n a l  demand. 

For t h e  inpu t -ou tpu t  c o e f f i c i e n t  matr ix, DOM becomes t h e  boss. We have 
es t imated  p r o p o r t i o n a l  across-the-row c o e f f i c i e n t  changes f o r  a1 1  o f  DOM' s  
r o w s .  When DON g e t s  t o ,  say  1990, i t  u s e s  i t s  p r e d i c t i o n  o f  t h e  
inpu t -ou tpu t  A m a t r i x  t o  c a l c u l a t e  ou tpu t s  o f  i t s  425 s e c t o r s .  W i t h  t h e s e  
425 ou tpu t s ,  each o f  t h e  425x425 i n t e r i n d u s t r y  f l ows  can be c a l c u l a t e d  and 
t h e  r e s u l t i n g  f l ow  m a t r i x  a g g r e g a t e d  t o  t h e  l e v e l  o f  L I F T ' S  78  s e c t o r s .  
From t h i s  f l o w  mat r i x ,  a  c o e f f i c i e n t  ma t r i x  i s  c a l c u l a t e d  and used i n  LIFT 
on i t s  n e x t  run .  One o f  t h e  ma in  r easons  f o r  change i n  i n p u t - o u t p u t  
c o e f f i c i e n t s  i s  change i n  p r o d u c t  mix.  I n  so f a r  as t h a t  change can be 
de tec ted  i n  DON, i t  can be used t o  advantage i n  LIFT forecasts.  

I t  might  perhaps seem t h a t  we s h o u l d  p r o c e e d  t o  e s t i m a t e  i n v e s t m e n t  
f u n c t i o n s  a t  t h e  DON Leve l .  I n  a  fo rma l  sense, we have data on equipment 
i n v e s t m e n t  by  t h e  4 - d i g i t  i n d u s t r i e s ,  w h i c h  a r e  g e n e r a l l y  t h e  DON 
i n d u s t r i e s .  A t  t h i s  l e v e l  o f  de ta i l ,  however, t h e  s e r i e s  a re  so e r r a t i c  and 
so much i n f l uenced  by a  few investment p r o j e c t s  t h a t  s t a t i s t i c a l  ana l ys i s  o f  
t h e  t i m e  s e r i e s  i s  o f t e n  u n s a t i s f a c t o r y .  We have. there fo re ,  L e f t  LIFT 
complete ly  i n  charge of  t h e  f i n a l  demands. 

C y c l i c a l  S t a b i l i t y  i n  a  Long Term Model - --------------- --------- ----------- 
F o r  many y e a r s ,  I n f o r u m  m o d e l s  were  r u n  w i t h  d i s p o s a b l e  income 

exogenously chosen t o  a c h i e v e  a  t a r g e t  l e v e l  o f  employment. W i t h  such 
models, we had no  o c c a s i o n  t o  worry about t h e  c y c l i c a l  s e n s i t i v i t y  o f  t h e  
model. Likewise. t h e  b u i l d e r s  o f  q u a r t e r l y  models d i d  n o t  need t o  w o r r y  
abou t  s t a b i l i t y  because, over t h e  p e r i o d  o f  a  t h r e e  o r  f ou r  year  forecast .  
t h e  asymptot ic  p r o p e r t i e s  o f  t h e  model d i d  no t  r e a l l y  come i n t o  p lay.  These 
models seldom have any e x p l i c i t  connect ion be tween Labor f o r c e ,  p o t e n t i a l  
GDP and a c t u a l  GDP. Indeed, i n  t h e  s i m p l e  Keynes ian  a n a l y s i s  taugh t  i n  
coun t less  classrooms around t h e  world, t h e r e  i s  no c o n n e c t i o n  be tween t h e  
C + I + G c u r v e  and t h e  l e v e l  o f  f u l l  employment. There is, there fo re ,  no 
t endency  f o r  a  model based o n  t h i s  t h e o r y  t o  g r a v i t a t e  t o w a r d s  a n y  
p a r t i c u l a r  Level o f  employment. Yet one o f  t h e  s t r i k i n g  f a c t s  about market 
economies i s  t h a t  they  do seem t o  "seek"  some l e v e l  o f  employment, f r om  
which they  a re  d i v e r t e d  by var ious  shocks. 

I n  L I F T  we have t r i e d  t o  be e x p l i c i t  about t h i s  connection, because 
t h i s  model i s  commonly run over a  t e n  o r  f i f t e e n  year hor izon.  What are, i n  
fac t ,  t h e  s t a b i l i z e r s  t h a t  enable t h e  economy t o  t r a c k  t h e  l abo r  f o r c e  o v e r  
Long per iods?  

The  a u t o m a t i c  s t a b i l i z e r  most commonly men t i oned  i n  t e x t  books, 
unemployment insurance, has r e l a t i v e l y  l i t t l e  e f f e c t .  There  a r e  two  much 
l a r g e r  e f f e c t s .  F i r s t .  when ou tpu t  grows r a p i d l y  and unemployment f a l l s ,  o r  
when unemployment reaches low levels, co rpora te  p r o f i t s  soar. These p r o f i t s  
a r i s e  p a r t l y  because t h e  t i g h t  labor  markets b r i n g  about e f f i c i e n t  use o f  
l abo r  and h i gh  p r o d u c t i v i t y  and p a r t l y  because when f i r m s  a r e  unable t o  h i r e  
enough l abo r  t o  meet t h e  demand f o r  t h e i r  p roduc ts  a t  c u r r e n t  p r i c e s ,  t h e y  
r a i s e  p r i c e s .  O f  course. they a l s o  r a i s e  wages, bu t  t h e  ne t  e f f e c t  i s  t h a t  
p r o f i t s  go up. Do t h e  p r o f i t s  s t i m u l a t e  a d d i t i o n a l  demand? I n  t h e  s h o r t  
run, n o t  much. I n  t h e  f i r s t  place. n e a r l y  h a l f  o f  them are taxed  away. O f  
what remains o f  t h e  increase. n e a r l y  a l l  w i l l  be r e t a i n e d  by t h e  f i r m s  i n  
t h e  f i r s t  year .  Only g r a d u a l l y  w i l l  d iv idends  beg in  t o  be pa id  ou t  of  t h e  
h igher  Level o f  p r o f i t s .  And i n  t h e  same year, almost none o f  t h e  inc reased 



p r o f i t s  can go i n t o  f i x e d  inves tment .  Consequen t l y ,  t h e  boom i n  p r o f i t s  
inc reases  p r i c e s  w i t h o u t  a  corresponding inc rease  i n  money be ing  spent. The 
r e a l  l e v e l  o f  purchases i s  reduced, and t h e  economy i s  s t a b i l i z e d .  P r o f i t s ,  
b y  t h e  way, a r e  e s t i m a t e d  b y  s u b t r a c t i n g  f r o m  r e t u r n  t o  c a p i t a l  s e v e r a l  
f a i  r l y  n o n - c y c l i c a l  i t e m s  such  as c a p i t a l  c o n s u m p t i o n  a 1  l o w a n c e .  n e t  
i n t e r e s t ,  r e n t a l  income, and p r o p r i e t o r  income. By b u i l d i n g  i n t o  t h e  r e t u r n  
t o  c a p i t a l  e q u a t i o n  a  dependence on unemployment, we g e t  t h a t  dependence i n  
t h e  p r o f i t s .  

The o t h e r  p r i n c i p a l  s t a b i l i z e r  i s  t h e  sav ings rate.  Unemployed p e o p l e  
t e n d  t o  c u t  t h e i r  savings, so t h a t  spending f a l l s  Less p r o p o r t i o n a l l y  t h a n  
income. 

We es t imated  t h e  r e t u r n  t o  c a p t i a l  and t h e  sav ings f u n c t i o n s  w i t h  f u l l  
awareness o f  t h e  c r u c i a l  r o l e  they  would p l a y  i n  t h e  long-run dynamics. But 
when we came t o  r u n  t h e  model, i t  p r o v e d  q u i t e  u n s t a b l e .  I n  t h e  f i r s t  
version, unemployment i n  t h e  c u r r e n t  year  d i d  n o t  e n t e r  t h e  sav ings f u n c t i o n  
because i t  had n o t  had a  s t a t i s t i c a l l y  s i g n i f i c a n t  c o e f f i c i e n t  i n  t h e  
e s t i m a t i o n  o f  t h a t  equation. The r e s u l t  o f  i t s  omiss ion  on t h e  dynamics o f  
t h e  model was t h a t  low unemployment i n  some year, say year  1 ,  would generate 
a  h i g h  s a v i n g s  r a t e  i n  t h e  n e x t  year ,  y e a r  2. T h a t  w o u l d  l e a d  t o  h i g h  
unemployment i n  year  2, low sav ings and unemployment i n  year  3. h i g h  sav ings 
and unemployment i n  year  4, and so on, i n  a  v i o l e n t  two-year o s c i l l a t i o n .  

Now t h e  economy p l a i n l y  d o e s  n o t  w o r k  t h a t  way, w h a t e v e r  t h e  
t - s t a t i s t i c s  may say. The e q u a t i o n  was e s t i m a t e d  w i t h  o r d i n a r y  l e a s t  
squares, so s imul taneous e q u a t i o n  b i a s  may account f o r  t h e  i n s i g n i f i c a n c e  o f  
t h e  c o e f f i c i e n t  o n  c u r r e n t  y e a r  unemployment. I n  any event ,  we had t o  
r e - e s t i m a t e  t h e  e q u a t i o n  w i t h  t h e  c o n s t r a i n t  t h a t  c u r r e n t - y e a r  a n d  
lagged-year unemployment should c a r r y  t h e  same ue igh t .  

T h a t  e q u a t i o n  e l i m i n a t e d  t h e  b i e n n i a l  o s c i l l a t i o n ,  b u t  o t h e r  problems 
appeared. The v e r s i o n  o f  t h e  model used by one researcher  tended t o  explode 
and produce n e g a t i v e  unemployment r a t e s  b e f o r e  1990. What happens i n  t h e  
economy when i t  moves t o  t h e  ve ry  h i g h  employment i s  t h a t  i n f l a t i o n  a r i s e s  
and  chokes  o f  t h e  p u r c h a s i n g  power.  Now i f  t h e  i n f l a t i o n  comes b y  
i n c r e a s i n g  wages and sa la r ies ,  i t  a l s o  inc reases  persona l  income. Only i f  
t h e  i n f l a t i o n  i s  p a r t i c u l a r l y  s t r o n g  i n  p r o f i t s  does  i t  choke o f  demand. 
The a c t u a l  economy has been sub jec t  t o  success ive shocks t h a t  have kep t  i t  
w e l l  below f u l l  employment. I t s  fundamental s t r u c t u r e ,  however, t e n d s  t o  
h i g h  employment. But t h e  p r o f i t  equations, whose business i t  i s  t o  choke o f  
p u r c h a s i n g  power have j u s t  no t  had enough "experience" w i t h  h i g h  employment 
t o  know how t o  behave i n  i t s  presence. We had t o  i n t r o d u c e  a  supplementary, 
non-est imated e q u a t i o n  which g i v e s  p r o f i t s  an e x t r a  b o o s t  a t  t i m e s  o f  v e r y  
h i g h  employment. I t  i s  n o t  d i f f i c u l t  t o  i n t r o d u c e  such anequa t ion ,  and 
w i t h  i t  t h e  behav io r  o f  t h e  model improved c o n s i d e r a b l y .  I t  was sad, b u t  
p e r h a p s  n o t  s u r p r i s i n g ,  t h a t  t h e  h i s t o r y  o f  an economy w i t h  o i l  shocks, 
f l u c t u a t i o n s  i n  defense spending, and v a c i l a t i n g  m o n e t a r y  p o l i c y  d i d  n o t  
p r o v i d e  i n f o r m a t i o n  f o r  a s c e r t a i n i n g  t h e  behav io r  o f  p r o f i t s  a t  t h e  h i g h  
l e v e l s  o f  employment t o  which t h e  economy tends .  I t  i s  n e c e s s a r y  f o r  t h e  
s u p p l e m e n t a r y  e q u a t i o n  t o  make o n l y  f a i r l y  s m a l l  changes i n  p r o f i t s  t o  
produce i t s  s t a b i l i z i n g  e f f e c t ;  b u t  i t  i s  d i s a p p o i n t i n g  t h a t  t h e  e s t i m a t e d  
m o d e l  c a n n o t  p r o d u c e ,  a l l  b y  i t s e l f ,  t h e  " e q u i l i b r i u m "  l e v e l  o f  
unemployment. 

While these e x p e r i m e n t s  were  underway, a n o t h e r  r e s e a r c h e r  was, f o r  
r e a s o n s  u n r e l a t e d  t o  s t a b i l i t y ,  r e - e s t i m a t i n g  t h e  r e t u r n  t o  c a p i t a l  
e q u a t i o n s .  The new e q u a t i o n s  w e r e  p u t  i n t o  t h e  m o d e l  w i t h o u t  a n y  
s u p p l e m e n t a r y  e q u a t i o n .  To o u r  amazement, t h e y  sen t  t h e  economy i n t o  a  
p ro found  slump w i t h  unemployment i n  t h e  r a n g e  o f  1 3  p e r c e n t  i n  t h e  l a t e  



e i g h t i e s .  I t  t h e n  recovered so v i g o r o u s l y  t h a t  unemployment went n e g a t i v e  
i n  1992. I shou ld  s t r e s s  t h a t  t h e  changes i n  t h e  equa t ions  were made u i t h  a  
view o n l y  t o  improv ing  t h e i r  f i t  and t h e  behav io r  o f  t h e  mode l  o u t s i d e  t h e  
r a n g e  o f  p a s t  e x p e r i e n c e .  Yet  t h e  e f f e c t  on t h e  dynamic behav io r  o f  t h e  
model was d r a s t i c .  

We have n o t  y e t  reached a  r e s o l u t i o n  on t h i s  t o p i c .  The Lesson  t h a t  
t h a t  I c a n  draw s o  f a r  i s  o n l y  one o f  warning. I t  i s  n o t  n e c e s s a r i l y  t r u e  
t h a t  equa t ions  es t imated  i n  i s o l a t i o n  w i l l  Lead t o  s t a b l e  model performance. 
E s t i m a t i o n  o f  t h e  e q u a t i o n s  by c h o o s i n g  p a r a m e t e r s  t h a t  g i v e  a  g o o d  
p e r f o r m a n c e  t o  t h e  e f i z i r g  sys tem i n  t h e  p a s t  i s  b o t h  i m p r a c t i c a l  f o r  so 
Large a  system and i n a d e q u a t e  f o r  d e t e r m i n i n g  t h e  b e h a v i o r  o f  t h e  model  
o u t s i d e  t h e  range o f  p a s t  experience. Yet, w i t h o u t  shocks, t h e  model may go 
o u t s i d e  t h a t  range.  The m a i n  p o i n t  i s  f o r  mode l le rs  t o  be aware o f  t h i s  
problem, f o r  a n t i c i p a t e d  p r o b l e m s  a r e  f a r  m o r e  e a s i l y  h a n d l e d  t h a n  
u n a n t i c i p a t e d  ones. I t  i s  a l t o g e t h e r  p o s s i b l e  t h a t  we w i l l  e v e n t u a l l y  g e t  a  
mode 1  u h i  ch, w i t h o u t  any s u p p l e m e n t a r y  f u n c t i o n ,  p r o d u c e s  r e a s o n a b l e  
a s y m t o t i c  b e h a v i o r .  I, however, w i l l  be v e r y  d o u b t f u l  a b o u t  t h e  r e a l  
s i g n i f i c a n c e  o f  t h e  asympto t i c  unemployment r a t e  and w i  11 suspect t h a t  i t  i s  
v e r y  s e n s i t i v e  t o  s l i g h t  d i f f e r e n c e s  i n  t h e  s p e c i f i c a t i o n  o f  t h e  equations. 
F i n a l l y ,  I shou ld  add t h a t  problems i n  Long te rm s i m u l a t i o n s  a r e  n o t  u n i q u e  
t o  i n p u t - o u t p u t  models. A number o f  macro models a r e  a l s o  known t o  break 
down under some scenar ios  u n l e s s  c a r e f u l  l y  "managed." 

Tbe E f f e c t s  o f  P ~ o t e c t i p f i  - -------------- ----- 
The c u r r e n t  resurgence o f  p r o t e c t i o n i s m  should sound a  c l a r i o n  c a l l  f o r  a l l  
good i n p u t - o u t p u t  model b u i l d e r s  t o  come t o  t h e  a i d  o f  t h e i r  c o u n t r y .  The 
a l l u r e  o f  p r o t e c t i o n i s m  L i e s  p r e c i s e l y  i n  t h e  f a c t  t h a t  those who b e n e f i t ,  
b e n e f i t  considerably .  I t  i s  we1 1  w o r t h  t h e i r  w h i l e  t o  mount  a  L o b b y i n g  
campa ign  e v e n  i f  t h e  chances o f  s u c c e s s  a r e  small .  Though t h e y  a r e  feu, 
t h e y  a r e  p o l i t i c a l l y  w e l l  o r g a n i z e d ,  and t h e i r  case i s  i n t e l l e c t u a l l y  
s imple:  "We a r e  be ing  h u r t  by imports; i f  you want our suppor t  i n  t h e  n e x t  
e l e c t i o n ,  s t o p  them." T h e i r  case i s  made no more d i f f i c u l t  by t h e  d e s i r e  o f  
p o l i t i c i a n s  t o  be perce ived  as respons ive  t o  t h e  needs o f  t h e  voters .  Since 
t h e  p o s i t i v e  e f f e c t s  o f  p r o t e c t i o n  a r e  f e l t  q u i c k l y  and t h e  adverse e f f e c t s  
come s lowly,  t h e r e  i s  a  f u r t h e r  t e m p t a t i o n  t o  p r o t e c t  now and pay Later. 

By con t ras t .  most groups h u r t  by  p r o t e c t i o n  a r e  h u r t  o n l y  a  L i t t l e .  
The a d v e r s e  e f f e c t s ,  though g r e a t e r  i n  t o t a l  t h a n  t h e  b e n e f i c i a l  ones, a re  
spread over  many i n d u s t r i e s .  And t h a t  i s  e x a c t l y  where i n p u t - o u t p u t  comes 
i n .  Over t h e  p a s t  year ,  I n f o r u m  has made s e v e r a l  analyses o f  p r o t e c t i o n  
which have s t i r r e d  cons iderab le  i n t e r e s t  among those who have seen them. We 
hope t o  g e t  a  v e r s i o n  pub l i shed  s h o r t l y  i n  a  prominent place, and I hope our  
co l leagues  i n  o t h e r  c o u n t r i e s  n i l  1  under take s i m i l a r  s tud ies.  

The p re face  t o  these p r o j e c t i o n s  i s  a  h i s t o r i c a l  a n a l y s i s  o f  t h e  d i r e c t  
and i n d i r e c t  e f f e c t s  o f  f o r e i g n  t r a d e .  For  t h e  y e a r s  f r o m  1962  t h r o u g h  
1982, we computed i n d i r e c t  e x p o r t s  by  t h e  u s u a l  method, except  t h a t  t h e  
inpu t -ou tpu t  c o e f f i c i e n t s  used were f o r  domestic con ten t  on ly .  Likewise. we 
computed t h e  i n d i r e c t  r e q u i r e m e n t s  t h a t  w o u l d  have  gone i n t o  m a k i n g  t h e  
i m p o r t s ,  had t h e y  b e e n  made d o m e s t i c a l l y .  Again, we used  t h e  domest ic  
m a t r i x  o n l y .  F o r  example. t h e  1962  US m e r c h a n d i s e  e x p o r t s  w o u l d  have  
con ta ined  43 b i l l i o n  k i l o w a t t  hours (kwh) o f  e l e c t r i c i t y ,  had t h e y  been made 
w i t h  1977 technology. Domestic p r o d u c t i o n  o f  our merchandise i m p o r t s  o f  t h e  
same year ,  a l w a y s  u i t h  1977  technology, would have needed 45 b i l l i o n  kwh. 
We were runn ing  a  s l i g h t  d e f i c i t  ba lance on e l e c t r i c i t y .  By c o n t r a s t ,  by  



1980. t h e  L e v e l  and s t r u c t u r e  o f  our merchandise t r a d e  had changed so t h a t  
we e x p o r t e d  1 5 8  b i l l i o n  kwh o f  embodied e l e c t r i c i t y  and i m p o r t e d  1 4 8  
b i l l i o n ,  f o r  a  s u r p l u s  o f  10 b i l l i o n  kwh. 

I n  t h e s e  c a l c u l a t i o n s  we kept  t h e  technology -- i.e., t h e  inpu t -ou tpu t  
c o e f f i c i e n t s  -- constant  a t  1977 values. We p r e f e r r e d  t h i s  c a l c u l a t i o n  t o  
one b a s e d  o n  e s t i m a t e s  of t h e  c o e f f i c i e n t s  f o r  each year  because i t  makes 
t h e  change i n  t h e  i n d i r e c t  requi rements depend s o l e l y  o n  changes i n  t r a d e .  
If we i n c o r p o r a t e d  al,so some r a t h e r  shaky es t imates  o f  c o e f f i c i e n t  change. 
t h e n  we would n o t  know how t o  i n t e r p r e t e  t h e  changed r e q u i r e m e n t s ;  t h e y  
might  be e i t h e r  t e c h n o l o g i c a l  changes o r  s h i f t s  i n  t h e  compos i t i on  o f  t rade.  

Now t o  r e t u r n  t o  t h e  example of e l e c t r i c i t y ,  we have no ted  a  10 b i l l i o n  
kwh t r a d e  s u r p l u s  i n  embodied e l e c t r i c i t y  f o r  t h e  USA i n  1980, a  year  i n  
which t h e  d o l l a r  was n o t  s e r i o u s l y  o v e r v a l u e d .  By 1982, t h e  s e r i o u s l y  
over-va lued d o l l a r  had t u r n e d  t h a t  s u r p l u s  i n t o  a  15 b i l l i o n  kwh d e f i c i t .  

T h a t  r e v e r s a l  i l l u s t r a t e s  t h e  power o f  t h e  mechanism we have used t o  
s tudy t h e  e f f e c t s  o f  p r o t e c t i o n  i n  t h e  fu tu re .  Namely, we have assumed t h e  
case most f a v o r a b l e  t o  p r o t e c t i o n :  no r e t a l i a t i o n ,  o n l y  an i n e v i t a b l e  r i s e  
i n  t h e  d o l l a r  if t h e  USA c u t s  back on i t s  demands f o r  o t h e r  currenc ies.  

Now i t  should be p o i n t e d  ou t  a t  t h e  o u t s e t  t h a t  we w o u l d  n o t  e x p e c t  a  
l o n g - r u n  change i n  t h e  t o t a l  employment  as a  r e s u l t  o f  p r o t e c t i o n .  Free 
t r a d e  merely  a l l o w s  us easy  a c c e s s  t o  r e s o u r c e s  i n  o t h e r  c o u n t r i e s ,  b u t  
r e s o u r c e s  do n o t  determine t h e  l e v e l  o f  unemployment. I f  petro leum d i d  n o t  
e x i s t  and had never existed, we would n o t  t h e r e f o r e  have h i g h  unemployment  
r a t e s .  We w o u l d  b e  p o o r e r ,  b u t  n o t  l e s s  employed. S i m i l a r l y ,  we would 
expect  p r o t e c t i o n  t o  make us poorer ,  n o t  t o  a f f e c t  t h e  a g g r e g a t e  r a t e  o f  
unemployment. Unfor tunate ly ,  our model i s  n o t  s u f f i c i e n t l y  f i n e  t o  p i c k  up 
r e l i a b l y  t h e  i m p o v e r i z a t i o n  t h a t  p r o t e c t i o n  imposes. It does, however, show 
how i t  r e a r r a n g e s  employment  among i n d u s t r i e s .  We c a n n o t  make a  case  
a g a i n s t  p r o t e c t i o n  by  a r g u i n g  t h a t  i t  i s  a  n e t  d e s t r o y e r  o f  jobs. But we 
can show t h e  o t h e r  s i d e  o f  t h e  case o f  those who w o u l d  a r g u e  t h a t  i t  i s  a  
c r e a t o r  o f  jobs. 

I n  one  c o m p a r i s o n ,  f o r  example ,  t h e  i m p o r t s  o f  f i v e  i n d u s t r i e s  
(Apparel, Shoes, Steel, Autos, and TV, radio, and phonographs) were k e p t  a t  
t h e i r  1977  Leve l ,  and t h e  d o l l a r  was r e v a l u e d  upward t o  o b t a i n  t h e  same 
merchandise t r a d e  balance i n  c u r r e n t  d o l l a r s  as  i n  t h e  base  run.  By 1987  
t h e  t o t a l  employment i n  t h e  t w o  f o r e c a s t s  was i d e n t i c a l .  The p r o t e c t e d  
i n d u s t r i e s ,  o f  course. were f a r i n g  b e t t e r  w i t h  p r o t e c t i o n ;  t h e i r  employment 
was 1 3  p e r c e n t  above i t s  L e v e l  i n  t h e  base  case. A p p a r e l  was u p  8  %; 
Shoes, 44 X; S t e e l ,  9%; Autos, 1 3  %; TV and rad io ,  20%. Most o f  t h e  
unpro tec ted  i n d u s t r i e s  had lower  employment i n  t h e  p r o t e c t i o n  scenario; b u t  
o n  a v e r a g e  t h e  r e d u c t i o n  was o n l y  .3%. The b i g g e s t  s i n g l e  L o s e r  was 
aerospace .  w i t h  a  6 X Loss. Machinery and A g r i c u l t u r e  each Lost about 2%. 
Other i n d u s t r i e s  Lost  o n l y  about .I percent.  Nonetheless, i t  i s  t r u e  t h a t  a  
v o t e  f o r  p r o t e c t i o n  i s  a  v o t e  t o  move employment f rom s t r o n g  and p r o f  i t a b l e  
i n d u s t r i e s  -- t h a t  pay t a x e s  -- t o  weak ones  t h a t  escape taxes  and come 
ask ing  f o r  l o a n  guarantees. 

Research D i r e c t i o n s  i n  t h e  Next Year - .................................. 
D u r i n g  t h e  coming y e a r  I e x p e c t  t o  see t h e  c o m p l e t i o n  o f  two major  

d e v e l o p m e n t s  i n  t h e  I n f o r u m  USA model.  One, a l r e a d y  o n  t h e  b r i n k  o f  
c o m p l e t i o n ,  i s  a n  i n t e g r a t i o n  of a  monetary p o l i c y  model i n t o  LIFT and a  
thorough s i m u l a t i o n  s tudy o f  i t s  p r o p e r t i e s .  The second concerns a  d e t a i l e d  
t rea tment  o f  t h e  r o l e  o f  government, i t s  taxes  and e x p e n d i t u r e s .  The work 



on t a x e s  a l ready  a l l o w s  t h e  Federa l  income t a x  r a t e  s t r u c t u r e  t o  be f e d  i n t o  
t h e  model  e x a c t l y  as i t  appears on t h e  t a x  forms. The model t h e n  generates 
t h e  numbers o f  taxpayers i n  each b r a c k e t  and c a l c u l a t e s  t h e i r  taxes. P o l i c y  
exper iments w i t h  changing t a x  r a t e s  and t h e i r  progessiveness a r e  now e a s i l y  
p e r f o r m e d .  We hope t o  be soon  i n  a  p o s i t i o n  t o  handle e q u a l l y  d i r e c t l y  
exper iments w i t h  v a r i o u s  deduc t ions  such as t h a t  f o r  i n t e r e s t  payment. 

We a r e  p r e s e n t l y  engaged i n  two o t h e r  s p e c i a l  s t u d i e s  s i m i l a r  i n  some 
respec ts  t o  t h e  one descr ibed  by David Robison a t  t h i s  conference. 

D o u g l a s  Nyhus c o n t i n u e s  a c t i v e  work on t h e  i n t e r n a t i o n a l  models; t h e  
O f f i c e  o f  t h e  U.S. Specia l  Trade Represen ta t i ve  i s  s u p p o r t i n g  some o f  t h e  
w o r k  o n  t h e  Japanese model.  F u n d i n g  has been  f o u n d  f o r  p u r c h a s e  and 
p rocess ing  o f  up-to-date i n t e r n a t i o n a l  t r a d e  s t a t i s t i c s ,  so t h a t  t h e  g o a l  o f  
models L inked by b i l a t e r a l  t r a d e  f l o w s  has come a  L i t t l e  c l o s e r  i n  view. 

A g r e a t  need o f  t h e  US p r o j e c t  i s  a  f u l l  and f a s c i n a t i n g  d e s c r i p t i o n  o f  
t h e  whole system o f  models as i t  now stands. That i s  my job, and i t  keeps  
g e t t i n g  pushed aside. I s h a l l  t r y  harder. 

I w o u l d  L i k e  t o  add one f i n a l  word on t h e  s u b j e c t  o f  our i n t e r n a t i o n a l  
cooperat ion. Up u n t i l  now, a  m a j o r  c o n s i d e r a t i o n  i n  f i n d i n g  a  n a t i o n a l  
p a r t n e r  was t o  f i n d  a n  i n s t i t u t i o n  w i t h  an adequate ly  Large computer w i t h  
L o t s  o f  f r e e  o r  cheap t i m e .  Even i f  t h e  i n s t i t u t i o n  was f o u n d ,  t h e  
d i f f e r e n c e s  among computers meant t h a t  g e t t i n g  a  program t h a t  worked on one 
t o  work on another  was a  major task. 

The pas t  year, however, has seen  t h e  appearance  o f  mach ines  c o s t i n g  
Less  t h a n  a  Volkswagen t h a t  a r e  f u l l y  capable o f  execu t ing  an In forum-type 
model. Not o n l y  a r e  t h e  mach ines  cheap, b u t  an  amazing and  u n e x p e c t e d  
d e g r e e  o f  s t a n d a r d i z a t i o n  among these  machines has emerged. That s tandard 
has been set, f o r  b e t t e r  o r  worse, by t h e  IBM Personal  Computer. F o l  Lowing 
I B M ' s  s t u n n i n g  p e r f o r m a n c e  i n  g rabb ing  a  q u a r t e r  o f  t h e  USA m i c r o  market, 
many o t h e r  manufacturers have begun p r o d u c i n g  m a c h i n e s  based o n  t h e  same 
chip,  t h e  I n t e l  8088, and us ing,  o r  capab le  o f  using, t h e  same o p e r a t i n g  
system. There a r e  perhaps two dozen o f  these machines on t h e  market  i n  t h e  
USA and another  h a l f  dozen i n  Japan. By t h e  f i r s t  o f  November t h e r e  w i  L L  be 
f o u r  p o r t a b l e s  on  t h e  US market which, f o r  Less t h a n  $3000, o f f e r  256K b y t e s  
o f  random access memory, two f l o p p y  d i s k s  w i t h  640 K  b y t e s  o r  more storage. 
a  8087 coprocessor f o r  high-speed f Loat ing  p o i n t  a r i t h m e t i c ,  and a  p i l e  o f  
s o f t w a r e .  I have, i n  fact,  been quoted a  p r i c e  o f  82375 f o r  such a  system. 
To it, one would need t o  a t t a c h  f o r  easy  o p e r a t i o n  on  an  I n f o r u m  model  a  
h a r d  d i s k  d r i v e  w i t h .  s a y .  one  f i x e d  and  one r e m o v a b l e  1 0  megabyte 
c a r t r i d g e .  The cost  w o u l d  be abou t  $2000 f o r  t h e  h a r d  d i s k .  Thus, f o r  
u n d e r  $5000, one can be equ ipped  w i t h  a  system t h a t  i s  t w i c e  as Large. i n  
terms o f  t h e  s i z e  program t h a t  can be executed,  as  was t h e  PDP 1 1 / 7 0  on  
w h i c h  D o u g l a s  Nyhus and I b u i l t  models here a t  I I A S A  i n  1978 - 1980. The 
mass s to rage  would be severa l  t imes  what we were allowed, and t h e  e x e c u t i o n  
p e r h a p s  1 0  t o  2 0  t i m e s  as  f a s t .  Near l y  a l l  o f  these machines run, o r  can 
r u n  t h e  same o p e r a t i n g  system. so i t  r e a l l y  s h o u l d  be p o s s i b l e  t o  m a i l  
f l o p p y  d i s k s  back  and f o r t h  among par tners,  s t i c k  t h e  US model d i s k  i n  t h e  
I t a l i a n  p a r t n e r ' s  computer, p ress  a  button, and have i t  work L i k e  i t  worked  
back home. 

Thus, i t  a p p e a r s  t o  me, t h e  t e c h n i c a l  and f i n a n c i a l  obs tac les  which 
computing requi rements have p laced  i n  t h e  way o f  e f f e c t i v e  c o o p e r a t i o n  a r e  
d i s a p p e a r i n g .  I hope t h a t  o u r  c o o p e r a t i o n  can now move r a p i d l y  ahead. 
In fo rum USA w i l l  do a l l  t h a t  i t  can t h r o u g h  t h e  deve lopment  o f  m o d e l l i n g  
s o f t w a r e  t o  make i t  p o s s i b l e  f o r  a l l  o f  us  t o  t a k e  a d v a n t a g e  o f  t h e s e  
developments. 
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1. INTRODUCTION 

This analysis of industrial changes in the USA is the first in a series 
of case studies on structural changes since 1960. Generally, this has been 
a period of economic growth in the USA, but by no means all industries have 
shared in it to the same extent. Measured by means of index numbers, the 
growth of total national production represents the national average. Indus- 
tries with slower growth than that of total industrial production may be 
viewed as underperformers, and those with faster growth as overperformers. 
The growth differential is also reflected in the percentage shares held by 
individual industries in total output (sales values and value added) and 
capital stock (equipment). The analysis covers 127 US industries at the dis- 
aggregated 3-digit SIC level. The major results are that the combined share 
in total output (sales values at 1972 prices) by the underperformers receded 
from 61% in 1960 to 50% in 1980; or from 55 to 43% in terms of value added 
(also at 1972 prices). The most prominent 'losers' are: food (dairy, grain 
mill, and bakery products); primary metals (steel); transportation equipment 
(automobiles); and stone, clay, and glass products (cement). With the addi- 
tion of industries that were still growing faintly in the 1960s, but more 
slowly than the average in the 1970s, for example, textile mill products, 
metal fabrications, and others, the combined share of the losers eroded from 
78% of total output in 1960 to 67% in 1980 (sales values) or from 73% in 1960 
to 62% in 1980 (in terms of value added), whereas the share of the 'winners' 
moved up from 20% in 1960 to 32% in 1980 (sales values) and from 26% in 1960 
to 37% in 1980 (value added). The growth industries include nonelectrical 
machinery (office and computing machinery; refrigeration and service machine- 
ry), electric and electronic equipment (especially electronic equipment and 
accessories and communication equipment, as well as radio and TV equipment), 
investments, and chemicals (drugs and pharmaceuticals, soap and toiletries-- 
but not industrial inorganic chemicals). Only one industry, furniture and 
fixtures, did not change its output share over the period studied. 

The age and structure of the stock of capital equipment held by the manu- 
facturing industries also reflected some of the structural changes in output. 
Primary steel and textile mills were found to have the oldest equipment. But 
not all of the losers in output were losers in terms of capital stock growth. 
This reflects the investment activity since the 1970s and may indicate a more 
promising future for the currently depressed industries that have been re- 
tooling, as for example automobiles and, at one time, coal processing. 

Overall, the structural changes reflect the decline of the more basic 
industries using long-established technologies that are both labor- and energy- 



i n t e n s i v e  bu t  low i n  v a l u e  added, and t h e  growth of i n d u s t r i e s  w i t h  new and 
more s o p h i s t i c a t e d  t e c h n o l o g i e s  based on i nnova t i on ,  which a r e  h igh  i n  v a l u e  
added. T h i s  demons t ra tes  t h a t  ove r  t h e  l a s t  20 y e a r s  US i n d u s t r y  h a s  con- 
t i n u e d  on t h e  p a t h  towards  h i g h e r  i n d u s t r i a l i z a t i o n .  The impact  on t h e  econo- 
my a s  a  whole may be  a  slowdown i n  t h e  growth (no t  an  a b s o l u t e  d e c r e a s e )  of 
energy  demand by t h e  i n d u s t r i a l  s e c t o r ,  i f  and when a  s u b s t a n t i a l  r ecove ry  
occu rs .  

2. MANUFACTURING OUTPUT 

2.1 S t r u c t u r a l  Output Changes a t  t h e  2 - d i g i t  SIC Level :  An Overview 

Between 1960 and 1980, t h e  i ndex  f o r  t o t a l  manufac tur ing  (1970 = 100, 
w i th  s a l e s  v a l u e s  i n  1972 p r i c e s )  i n c r e a s e d  from 69.1 i n  1960 t o  131.9 i n  
1980. The growth of total manufacturing may be  cons ide red  a s  a  n a t i o n a l  
ave rage ;  d e v i a t i o n s  from t h i s  n a t i o n a l  ave rage  can be  viewed a s  unde rpe r fo r -  
mance by i n d u s t r i e s  growing more s low ly  t han  t h e  t o t a l ,  o r  a s  overperformance 
by t h o s e  growing f a s t e r  than t h e  t o t a l .  The growth performances o f  t h e  v a r i -  
ous  i n d u s t r i e s  a r e  a l s o  r e f l e c t e d  i n  t h e  s h i f t s  i n  t h e i r  p e r c e n t a g e  s h a r e s  of 
t o t a l  manufac tur ing  o u t p u t .  

There  was on l y  one i n d u s t r y  whose growth was s i m i l a r  t o  t h a t  of t o t a l  
manu fac tu r i ng ,  and consequen t l y  i t s  s h a r e  of 1.37% d i d  n o t  change d u r i n g  t h e  
20-year p e r i o d .  Th i s  is  SIC 25 - f u r n i t u r e  and f i x t u r e s .  The o t h e r  indus-  
t r i e s  may be  subd iv ided i n t o  t h r e e  groups;  f o r  each  of t h e s e  groups,  t h e  
observed changes i n  pe rcen tage  s h a r e s  r e f l e c t  d i f f e r e n t  unde r l y i ng  s t r u c t u r a l  
changes:  

1 .  E ros ion  s i n c e  1960. These a r e  t h e  i n d u s t r i e s  whose growth was con- 
t i n u o u s l y  s lower  t h a n  t h a t  of t h e  n a t i o n a l  ave rage ,  ove r  t h e  pe r i od  1960 - 
1980. They i n c l u d e  SIC 20 - food and beverages;  21 - tobacco p roduc ts ;  23 - 
a p p a r e l ;  24 - lumber and p roduc ts ;  29 - pet ro leum r e f i n i n g  and c o a l  p roduc ts ;  
31 - l e a t h e r  and p roduc ts ;  32 - s t o n e ,  c l a y ,  g l a s s  p roduc ts ;  33 - pr imary 
m e t a l s ;  37 - t r a n s p o r t a t i o n  equipment; and 27 - p r i n t i n g  and p u b l i s h i n g .  The 
combined s h a r e  i n  t o t a l  manufac tur ing  of t h e s e  i n d u s t r i e s  eroded from 60.99% 
i n  1960 t o  49.66% i n  1980. 

2.  Eros ion s i n c e  1970. The growth of t h e s e  i n d u s t r i e s  was on l y  a  l i t t l e  
f a s t e r  t han  t h e  n a t i o n a l  a v e r a g e i n  t h e  s i x t i e s ,  fo l lowed by a  slowdown t o  
l e s s  than  t h e  n a t i o n a l  ave rage  i n  t h e  s e v e n t i e s .  I n d u s t r i e s  i nc luded  a r e  
SIC 22 - t e x t i l e  m i l l  produc ts ;  26 - paper  and a l l i e d  p roduc ts ;  30 - rubbe r  
and p l a s t i c s ;  34 - meta l  f a b r i c a t i o n s ;  and 39 - misce l l aneous .  The s h a r e  of 
t h e s e  i n d u s t r i e s  i n  t o t a l  manufac tur ing  i n c r e a s e d  from 17.11% i n  1960 t o  
18.76% i n  1970, f a l l i n g  subsequen t l y  t o  17.30% i n  1980. 

The combined s h a r e s  of t h e  i n d u s t r i e s  i n  g roups  1  and 2  t o g e t h e r  eroded 
from 78.10% i n  1960 t o  66.96% i n  1980. 

3 .  Cont inued growth s i n c e  1960. These a r e  t h e  w inne rs ,  and they  i n -  
c l u d e  SIC 28 - chemica l  and a l l i e d  p r o d u c t s ;  35 - machinery (except  e l e c t r i -  
c a l ) ;  36 - e l e c t r i c  and e l e c t r o n i c s  equipment;  and 38 - i ns t rumen ts .  The 
s h a r e  i n  t o t a l  o u t p u t  of t h e s e  i n d u s t r i e s  r o s e  from 20.52% i n  1960 t o  31.65% 
i n  1980. 

2.2.  S t r u c t u r a l  Output  Changes a t  t h e  3 - d i g i t  SIC Leve l  

There  can be  many r e a s o n s  f o r  a n  i n d u s t r y ' s  s t a g n a t i o n ,  d e c l i n e ,  o r  
growth.  These might  be  growing a f f l u e n c e  and w i th  i t  a  change i n  t a s t e s  and 
d i e t s  ( l e s s  s t a r c h y  p r o d u c t s ) ,  a  change i n  f a s h i o n  ( fewer  c i g a r s ) ,  and h a b i t s  
(newspapers and books fo rced  o u t  by t e l e v i s i o n ) ,  o r  cheaper  impor t s  from 
ab road ,  l i k e  t h o s e  t h a t  h i t  t h e  l e a t h e r  and shoe i n d u s t r y ,  and exace rba ted  
t h e  p l i g h t  of t h e  automobi le  and ag ing  s t e e l  i n d u s t r i e s .  What were t h e  



i nnova t ions ,  and which were t h e  new i n d u s t r i e s  t h a t  blossomed i n  t h e  s i x t i e s  
and p a r t i c u l a r l y  i n  t h e  s e v e n t i e s ?  

For answers t o  some of these  ques t ions ,  one has t o  look a t  t h e  indus- 
t r i e s  beyond t h e  2-d ig i t  SIC l e v e l .  Not a l l  i n d u s t r i e s  w i th in  t h e  2-d ig i t  

group fo l low t h e  same growth t rend ;  each has  i ts  own p a r t i c u l a r  reasons f o r  
r i s i n g  o r  f a l l i n g .  Some of t h e  main f i n d i n g s  a r e  summarized below. 

The l a r g e s t  major group, i n  terms of s a l e s  va lues ,  i s  SIC 20 - food and 
beverages. Its s h a r e  i n  t o t a l  manufactur ing f e l l  from 17.84% i n  1960 t o  
14.82% i n  1980. Sa les  a t  cons tan t  1972 p r i c e s  grew from $83.4 b i l l i o n  t o  
$123.3 b i l l i o n ,  o r  by 58.6% between 1960 and 1980. Over t h e  same per iod ,  
popula t ion increased 26%. Therefore,  food s a l e s ,  whether o r  not  beverages 
a r e  inc luded,  grew f a s t e r  than popula t ion,  but not  s o  f a s t  a s  t o t a l  manufac- 
t u r i n g .  Besides r i s i n g  a f f l u e n c e ,  t h e r e  were changes i n  t a s t e s  and d i e t s ,  
and hence d a i r y ,  g r a i n  m i l l  ( f l o u r ) ,  bakery,  and sugar products  a l l  decreased 
t h e i r  s h a r e  i n  t o t a l  manufactur ing. The drop was l e s s  a c u t e  f o r  preserved 
f r u i t s  and vege tab les ;  and a s l i g h t  i nc rease ,  poss ib l y  a t  t h e  expense of 
d a i r y  products ,  was achieved by f a t s  and o i l s .  A t  t h e  same t ime, beverages 
experienced a s t rong  growth, but not  enough t o  o f f s e t  t h e  f a l l  i n  o t h e r  goods. 

Within SIC 22 - t e x t i l e  m i l l  products ,  t h e  downward movement of c o t t o n  
and wool t h a t  had s t a r t e d  long before t h e  1960s cont inued through t h e  seven- 
t i e s  and e i g h t i e s .  I n  t h e  s i x t i e s ,  t h i s  dec rease  was somewhat o f f s e t  by t h e  
then s t i l l - c o n t i n u i n g  growth of younger t e x t i l e  i n d u s t r i e s  such a s  man-made 
f i b e r  weaving and k n i t t i n g  m i l l s .  However, i n  t h e  s e v e n t i e s ,  t h e s e  once 
"younger" i n d u s t r i e s  a l s o  weakened, ceas ing t o  record a  s t rong  growth r a t e .  
It i s  l i k e l y  t h a t  they succumbed t o  compet i t ion from abroad. Th is  was a l s o  
t h e  f a t e  of t h e  much smal ler  l e a t h e r  and l e a t h e r  goods i n d u s t r y ,  SIC 31 - 
l e a t h e r  goods, and e s p e c i a l l y  l e a t h e r  footwear ,  a s  wel l  a s  t h e  rubber and 
p l a s t i c s  footwear t h a t  a r e  p a r t  of SIC 30. The r e l a t i v e  decrease of SIC 32 - 
s tone ,  c l a y ,  and g l a s s  products ,  was caused by corresponding dec reases  i n  
SIC 324 - hydrau l i c  cement, SIC 325 - s t r u c t u r a l  c l a y  products ,  and SIC 327 - 
concre te ,  gypsum, and p l a s t i c  products .  These heavy c o n s t r u c t i o n  m a t e r i a l s  
may we l l  have been rep laced by o t h e r ,  l i g h t e r  m a t e r i a l s .  

To some e x t e n t ,  t h e  swi tch t o  o t h e r ,  l i g h t e r  m a t e r i a l s  was a l s o  t o  blame 
f o r  t h e  severe  setback of SIC 33 - primary meta ls .  Thei r  s h a r e s  i n  t o t a l  
manufactur ing s a l e s  dropped from 9% i n  1960 t o  l i t t l e  over 6% i n  1980. The 
f a l l  was s t e e p e s t  f o r  i r o n  and s t e e l  (SIC 331 and 332); plagued by overaged 
equipment and f o r e i g n  compet i t ion,  t h e  s h a r e  dropped from 5.21% i n  1960 t o  
2.95% i n  1980. The s i t u a t i o n  was somewhat d i f f e r e n t  f o r  some of t h e  non- 
f e r r o u s  meta ls ;  t h e  forthcoming IIASA s tudy  on aluminum may throw some l i g h t  
on t h i s  phenomenon. 

Some p a r t  of t h e  d e c l i n e  of t h e  primary meta ls  i n d u s t r y  was caused by 
t h e  changing f o r t u n e s  of SIC 37 - t r a n s p o r t a t i o n  equipment. The s a l e s  v a l u e s  
of t h i s  i ndus t ry  f e l l  from 13.2% of t o t a l  manufactur ing i n  1960 t o  10.8% i n  
1980. From second p lace  ( a f t e r  food) i n  1960, i t  f e l l  t o  t h i r d  p lace  i n  1980, 
a f t e r  food and n o n e l e c t r i c a l  machinery. Within t h e  t r a n s p o r t a t i o n  equipment 
i n d u s t r y ,  t h e  development was uneven. Hardest h i t  were SIC 371 - motor veh i -  
c l e s  and equipment, 372 - a i r c r a f t  and p a r t s ,  and 376 - guided m i s s i l e s  and 
space v e h i c l e s .  Thei r  combined s h a r e  i n  t o t a l  manufactur ing s a l e s  tumbled 
from 12.2% i n  1960 t o  9.6% i n  1980. However, i n  absoZu teva lues  t h e r e  was 
s t i l l  cons ide rab le  growth, though i t  lagged behind t h a t  of t o t a l  manufactur- 
ing.  The index i m p l i c i t  i n  t h e  s a l e s  v a l u e s  and t h e  FRB product ion index show 
t h a t  t h e  output  of SIC 37 reached i ts  l a s t  peak i n  1978-79. For SIC 371 - 
motor v e h i c l e s ,  an a l l - t ime  peak was reached i n  1978 when t h e  1970 = 100 
based i n d i c e s  h i t  186.3 ( s a l e s  va lues )  and 184.1 (FRB) . In  1979 came a s l i g h t  
setback-- the i n d i c e s  f e l l  t o  171.2 ( s a l e s  va lues )  and 173.2 (FRB). It is 
indeed remarkable t h a t  d e s p i t e  f i v e  years  of energy c r i s i s ,  t h e  product ion of 



motor vehic les-- though l imp ing behind t h e  n a t i o n a l  average--should st i l l  have 
grown t o  l e v e l s  comfor tab ly  above t h o s e  o f  1973 and 1970. Th i s  growth i s  
c o n s i s t e n t  w i t h  t h a t  observed f o r  g a s o l i n e  consumpt ion,  where t h e  1970 = 100 
based index c l imbed t o  a n  a l l - t i m e  r e c o r d  of 126.9 i n  1979'. 

However, w i t h i n  t h e  motor v e h i c l e s  i n d u s t r y ,  t h e  v a r i o u s  components 
fo l lowed d i f f e r e n t  development p a t h s .  While t h e  p roduc t i on  of l a r g e  automo- 
b i l e s  was s e r i o u s l y  depressed by t h e  o i l  p r i c e  exp los ion ,  t h e  manufac ture  of 
s m a l l e r  models h a s  enjoyed an unprecedented boom s i n c e  1967 (when s e p a r a t e  i n -  
d i c e s  were f i r s t  compi led) and th rough 1978, g i v i n g  way t o  mi ld  s e t b a c k s  i n  
t h e  fo l l ow ing  yea r .  Some of t h e  r e l a t i v e  d e c l i n e  of t h e  t r a n s p o r t a t i o n  in -  
d u s t r y  s p i l l e d  ove r  i n t o  t h e  rubbe r  i n d u s t r i e s ;  SIC 301 - t i r e s  and i n n e r  
t u b e s ,  w i t h  s a l e s  v a l u e s  s t a g n a t i n g  i n  t h e  s i x t i e s ,  s l i p p e d  f rom 0.68% of  
t o t a l  manufac tur ing  i n  1970 t o  0.60% i n  1980. 

Now t o  t h e  growth i n d u s t r i e s .  The s h a r e  of SIC 28 - chemica ls  and a l l i e d  
p roduc ts  i n  t o t a l  manufac tur ing  s a l e s  r o s e  from 5.74% i n  1960 t o  7.13% i n  1970 
and 7.97% i n  1980. The t r e n d  is  somewhat d i f f e r e n t  f o r  v a l u e  added, where 
t h e  s h a r e s  i n  t o t a l  manufac tur ing  a l s o  r o s e  from 5.8% i n  1960 t o  7.0% i n  1970, 
bu t  subsequen t l y  dropped t o  6.3% i n  1980. The d i ve rgence  may be  due t o  t ime  
l a g s  o r  t h e  u s e  of d i f f e r e n t  c l a s s i f i c a t i o n s .  I n  any c a s e ,  i n  te rms of s a l e s  
v a l u e s  t h e  v a r i o u s  chemica l  i n d u s t r i e s  d i s p l a y e d  c o n t r a s t i n g  growth r a t e s .  The 
s h a r p  i n c r e a s e  i n  t h e  s h a r e  of t o t a l  manufac tur ing  o f  SIC 282 - p l a s t i c  and 
s y n t h e t i c  m a t e r i a l s ,  from 0.74% i n  1969 t o  1.46% i n  1980, and SIC 283 - drugs ,  
f rom 0.66% t o  1.36% must be  compared w i t h  t h e  r e l a t i v e  d e c l i n e  of SIC 281 - 
i n d u s t r i a l  i n o r g a n i c  chemica ls ,  whose s h a r e  i n  s a l e s  volume dropped from 0.94% 
t o  0.77% of  t o t a l  manufac tur ing  s a l e s  between 1960 and 1980. 

It is w e l l  known t h a t  chemica ls  and a l l i e d  p roduc ts  a r e  among t h e  most 
ene rgy - i n tens i ve  i n d u s t r i e s .  According t o  t h e  1970 census  t h a t  p rov ided de- 
t a i l e d  d a t a ,  t h i s  i n d u s t r y  t o o k  21% of t h e  t o t a l  f u e l s  and e l e c t r i c i t y  ( i n  kwh 
e q u i v a l e n t s )  purchased by t h e  manufac tur ing  s e c t o r ,  more t h a n  any o t h e r  2- 
d i g i t  SIC i n d u s t r y .  The i n d u s t r i a l  i n o r g a n i c  chemica ls  i n d u s t r y  a l o n e  pur-  
chased 15% of a l l  t h e  energy  s o l d  t o  t h e  manufac tur ing  s e c t o r .  Hence t h e  
r e l a t i v e  d e c l i n e  of i n d u s t r i a l  i n o r g a n i c  chemica ls  may have a f f e c t e d  t h e  
Un i ted  S t a t e s '  energy consumption a t  l e a s t  a s  much, i f  n o t  more than ,  t h e  de- 
c l i n e  of s t e e l .  

The growth of SIC 35 - n o n e l e c t r i c a l  machinery,  is  e v i d e n t  from t h e  f a c t  
t h a t  i t s  s h a r e  i n  t o t a l  s a l e s  v a l u e s  moved f rom 7.51% i n  1960 t o  11.41% i n  
1980. T h i s  means t h a t  n o n e l e c t r i c a l  machinery moved from f o u r t h  p l a c e  a f t e r  
f ood ,  t r a n s p o r t a t i o n  equipment,  and pr imary  m e t a l s  i n  1960 t o  second p l a c e  
a f t e r  food i n  1980. There were o f  c o u r s e  v a r i a t i o n s  i n  growth p a t t e r n s  w i t h i n  
SIC 35. The s t r o n g e s t  growth was ach ieved by SIC 357 - o f f i c e  and computing 
machines,  w i t h  s h a r e s  i n  t o t a l  manufac tur ing  sales r i s i n g  f rom 0.53% i n  1960 
t o  1.09% i n  1970, and t o  3.52% i n  1980 ( 1 ) .  Growth was a l s o  s t r o n g  f o r  SIC 
358 - r e f r i g e r a t i o n  and s e r v i c e  machinery,  which moved f rom 0.59% i n  1960 t o  
0.95% i n  1970, b e f o r e  t a p e r i n g  o f f  t o  1.04% i n  1980. 

R e f l e c t i n g  on t h e  s low growth of some o f  t h e  i n d u s t r i e s  d i s c u s s e d  e a r l i e r ,  
such a s  pr imary  m e t a l s ,  i t  was found t h a t  SIC 354 - m e t a l  working machinery 
and SIC 355 - s p e c i a l  i n d u s t r y  machinery exper ienced a con t i nuous  d e c l i n e  of 
t h e i r  s h a r e s  i n  manufac tur ing  s a l e s  from 1.17% (metal  working) and 0.95% 
( s p e c i a l  i n d u s t r y )  i n  1960 t o  1.10% and 0.64%, r e s p e c t i v e l y ,  i n  1980. The 
growth of o t h e r  machinery,  such a s  SIC 351 - eng ines  and t u r b i n e s ,  and SIC 
356 - g e n e r a l  machinery,  was r a t h e r  weak from 1960 t o  1970, fo l lowed by s t a g -  
n a t i o n .  

1; See C.  Dobl in ,  The Growth of Energy Consumption and Prices i n  the USA, 
FRG, France and the UK, 1950-1980. IIASA Research Repor t ,  RR-82-18, May 1982. 



SIC 36 - e l e c t r i c  and e l e c t r o n i c  equipment,  i n c r e a s e d  i t s  s h a r e  i n  t o t a l  
manufac tur ing  s a l e s  from 5.45% i n  1960 t o  7.25% i n  1970 and t o  9.32% i n  1980. 
The i n d u s t r y ' s  s h a r e  i n  manufac tur ing  moved from seven th  p l a c e  i n  1960 ( a f t e r  
f ood ,  t r a n s p o r t a t i o n ,  pr imary m e t a l s ,  n o n e l e c t r i c a l  machinery,  me ta l  f a b r i -  
c a t i o n s ,  and chemica ls )  t o  f o u r t h  p o s i t i o n  i n  1980 ( a f t e r  food,  n o n e l e c t r i c a l  
mach inery ,  and t r a n s p o r t a t i o n ) .  Much of t h i s  growth was ach ieved th rough i n -  
nova t i on  i n  SIC 366 - communication equipment,  which i n c r e a s e d  i t s  s h a r e  i n  
t o t a l  manufac tur ing  from 1.42% i n  1960 t o  2.13% i n  1970. and t o  2.57% i n  1980, 
and e s p e c i a l l y  i n  SIC 367 - e l e c t r o n i c  components and a c c e s s o r i e s ,  whose 
s h a r e  r o s e  from 0.63% i n  1960 t o  1.06% i n  1970 and t o  2.54% i n  1980. 

Compared t o  t h e s e  s t a r  pe r fo rmers ,  t h e  growth of y e s t e r y e a r ' s  i nnova t i on  
i n d u s t r y ,  SIC 365 - r a d i o  and t e l e v i s i o n ,  was weak. I ts s h a r e  i n  t o t a l  manu- 
f a c t u r i n g  r o s e  from 0.34% i n  1970 t o  0.89% i n  1980. At t h e  same t ime ,  SIC 
363 - e l e c t r i c  household a p p l i a n c e s ,  a l s o  a former growth i n d u s t r y ,  showed 
on l y  weak growth i n  t h e  s i x t i e s ,  fo l lowed by s t a g n a t i o n  i n  t h e  s e v e n t i e s .  
Weak growth i n  t h e  s i x t i e s ,  fo l lowed by a d rop  i n  t h e  s e v e n t i e s  occur red i n  
SIC 361 - e l e c t r i c  d i s t r i b u t i n g  equipment,  SIC 362 - e l e c t r i c  i n d u s t r i a l  ap- 
p a r a t u s ,  and SIC 364 - l i g h t i n g  and w i r i ng  equipment.  The combined s h a r e  of 
t h e s e  t h r e e  i n d u s t r i e s  f e l l  from 1.83% i n  1960 t o  1.79% i n  1980. No doubt  
t h e i r  f a l l i n g  f o r t u n e s  were due t o  t h e  s l a c k  i n  some of t h e  i n d u s t r i e s  whose 
s h a r e s  i n  t o t a l  manufac tur ing  s a l e s  had themselves  dec reased .  

By way of summarizing t h e  s t r u c t u r a l  changes d i s c u s s e d  above,  t h e  rank ing 
of t h e  seven i n d u s t r i e s  t h a t  command two- th i rds  of t o t a l  US manufac tur ing  ou t -  
pu t  ( s a l e s  v a l u e s  a t  c o n s t a n t  1972 p r i c e s ) ,  t o g e t h e r  w i th  t h e i r  r e s p e c t i v e  
pe rcen tage  s h a r e s ,  i s  a s  fo l l ows :  

SIC 

Food 17.84 
T r a n s p o r t a t i o n  equ ip .  13.19 
Pr imary m e t a l s  8.95 
N o n e l e c t r i c a l  mach. 7 .51 
Meta l  f a b r i c a t i o n s  6.96 
Chemicals 5.74 
E l e c t r i c  & e l e c t r o n i c  
equ ip .  5.45 

P 

65.64% 

SIC - 
20 Food 
35 N o n e l e c t r i c a l  mach. 
37 T r a n s p o r t a t i o n  equ ip .  
36 E l e c t r i c  & e l e c t r o n i c  equ ip .  
28 Chemicals 
33 Pr imary me ta l s  

34 Metal  f a b r i c a t i o n s  

The change i n  t h e  p l a c e  h e l d  by an i n d u s t r y  between 1960 and 1980 i s  a 
c l e a r  r e f l e c t i o n  of t h e  s t r u c t u r a l  changes t h a t  have taken  p lace .  

3. MANUFACTURING: C a p i t a l  

3.1  C a p i t a l  Format ion (Gross Fixed Annual Inves tments)  

3 . 1 . 1  Growth r a t e s .  The ave rage  growth r a t e s  show t h a t  i nves tmen ts  i n  equip-  
ment tended t o  grow a t  a f a s t e r  r a t e  t han  t h o s e  i n  s t r u c t u r e  th roughout  t h e  
pe r i od  s t u d i e d  (1960-1980). A second o b s e r v a t i o n  i s  t h a t  t h e  growth r a t e  was 
h ighe r  i n  t h e  s i x t i e s  (7.57% s t r u c t u r e s  and equipment,  8.23% equipment o n l y )  
t h a n  i n  t h e  s e v e n t i e s  (4.15% s t r u c t u r e s  and equipment,  5.41% equipment o n l y ) .  
Th i s  is c o n s i s t e n t  w i t h  GDP growth r a t e s .  

A l l  t h e  same, i t  is  wor th  n o t i n g  t h a t  i n  t h e  e a r l y  s e v e n t i e s  (1970-1973) 
t h e  inves tment  growth r a t e  had slumped t o  1.59% f o r  s t r u c t u r e s  and equipment 
and 3.71% f o r  equipment on ly .  But du r i ng  t h e  y e a r s  of rampant i n f l a t i o n  
(1974-1979), i nves tmen ts  perked up cons ide rab l y :  t h e  ave rage  annua l  growth 



rate was 5.86% for equipment and structures and 6.55% for equipment only 

3.1.2 Selected industries, investments (equipment), and output in the 
seventies. Investments during the sixties are reflected in the capital stock 
figures; the following notes relate only to the investments made during the 
seventies . 

Considerable divergence was noted between the growth of investments for 
the manufacturing sector as a whole and individual industries. Some indus- 
tries' investment growth trailed behind that of the sector, for example, SIC 
20 - food and kindred products, especially if beverages are included, and 
SIC 33 - primary metals, most notably SIC 331 - blast furnaces and basic 
steel products. The output of these industries also lagged behind that of 
the sector. 

Following the first oil price explosion, a number of industries stepped 
up their investments to a higher level, which then remained high throughout 
the period of severe inflation. These include: SIC 26 - paper and allied 
products, which may have switched to energy-saving equipment; SIC 29 - petro- 
leum and coal products, whose output slumped in the late seventies; and SIC 
37 - transportation equipment, especially SIC 371 - motor vehicles, where 
output also slumped in the late seventies. The investment surge in the auto- 
mobile industry started slowly in 1972, and preceded the first oil price ex- 
plosion: it reflects the industry's changeover to smaller models. Other 
industries whose investment growth was paralleled by rapidly expanding out- 
put are SIC 35 - nonelectrical machinery and SIC 36 - electric and electronic 
equipment. 

3.2  Capital Stock Growth (Equipment) 

3.2 .1  Total manufacturing sector. The value in 1972 prices of the gross 
capital stock of equipment used in the manufacturing sector grew from $139 
billion in 1960 to $331 billion in 1980. In terms of index numbers (1970 = 

l o o ) ,  this was an increase from 65.4 in 1960 to 155.7 in 1980. For total 
capital stock (equipment and structures), the corresponding increase was from 
67.2 in 1960 to 139.4 in 1980. 

The growth of capital equipment was faster than that of structures; it 
was also faster than that of manufacturing output, which rose from 69.1 in 
1960 to 137.9 in 1980 (in terms of gross value of sales) or from 61.5 in 1960 
to 137.9 in 1980 (as measured by FRB production indices). Obviously, both 
output and capital grew faster than labor. 

3.2 .2  Individual industries (equipment only). Only one industry, SIC 25 - 
furniture and fixtures, showed no change with its share in total manufactur- 
ing remaining at about 0.70% throughout the period 1960-1980. The shares of 
the other industries changed as follows: 

1. Industries whose share in the stock of manufacturing equipment de- 
creased continuously from 1960 to 1980. The share of this group in total 
manufacturing equipment fell from 55.51% in 1960 to 46.15% in 1980. All the 
industries whose share in capital stock eroded were underperformers in the 
sense that their production growth trailed the national average. Consequent- 
ly, their shares in total manufacturing output (sales values and value added) 
also decreased. These industries are SIC 20 - food and beverages; SIC 21 - 
tobacco products; SIC 22 - textile mill products; SIC 23 - apparel; SIC 24 - 
lumber andproducts; SIC 26 - paper and products; SIC 27 - printing and pub- 
lishing; SIC 31 - leather and products; SIC 32 - stone, clay, and glass prod- 
ucts; SIC 33 - primary metals; and SIC 34 - fabricated metal products. 

2. Industries whose share in manufacturing equipment increased contin- 
uously from 1960 to 1980. This group includes the four industries whose 



share in total manufacturing output rose continuously over the period studied: 
SIC 28 - chemicals; SIC 35 - nonelectric machinery; SIC 3 6 ' -  electric and 
electronic equipment; and SIC 38 - instruments. The increase of the capital 
stock (equipment) in the chemicals industry is remarkable, though not all of 
its components shared in this growth: for example, the share of SIC 281 - 
industrial inorganic chemicals fell from 2.37% in 1960 to 1.69%. Yet total 
chemicals moved to first place in the 1980 ranking of manufacturing capital 
(equipment), topping primary metals whose share had dropped from 14.19% in 
1960 (first place) to 10.64% in 1980 (second place). 

The continued growth of the share in total manufacturing capital stock 
of SIC 30 - rubber and plastics products, which lasted until 1976, was not 
matched by a growth in the industry's share in manufacturing output. A back- 
lash from the automobile industry may also be seen in the share of capital 
stock of SIC 301 - tires and inner tubes, which decreased from 1.19% in 1970 
to 0.94% in 1980. 

3 .  Industries whose share in manufacturing equipment decreased in the 
sixties but increased in the seventies. This group includes SIC 37 - trans- 
portation equipment, whose share in total capital stock (equipment) dropped 
from 8.46% in 1960 to 7.82% in 1980, along with relative sales values. While 
the share in sales from this industry in total manufacturing was still drop- 
ping between 1970 and 1980, there was a growth in the industry's equipment 
holdings from 7.82% in 1960 to 9% in 1980. This largely reflects the switch 
to production of smaller cars and the impact of the growth in annual invest- 
ment since 1972. 

For SIC 29 - petroleum and coal products, the share in total manufactur- 
ing equipment fell from 3.10% in 1960 to 2.1% in 1966 and 1967. It then rose 
slightly to 2.4% in 1970, and to 2.9% in 1980. This new growth in the seven- 
ties, at the same time that shares of sales values in total manufacturing were 
falling, may reflect the growth of investment for coal processing. 

3.2.3 The age of capital scock. The growth of annual investment in capital 
stock is reflected in the age structure of the stock (equipment). According 
to the estimates prepared by the BIE, the industry that in 1980 had the oldest 
capital stock (equipment), measured in 1972 prices, was SIC 33 - primary 
metals. As much as 36% of this industry's equipment was 10 years old or 
older. 

Primary metals were followed closely by SIC 22 - textile mill products, 
where 35% of the equipment was 10 years or more old. Another aging industry 
is SIC 31 - leather andleather products, with 33% of the capital equipment 
in the 10 years plus age bracket. All of these industries have been lagging 
in growth, not only in terms of capital equipment but of output as well - and 
much of their misery has been due to lack of competitiveness. 

On the other hand, some industries with relatively young capital stock 
(equipment) did not enjoy healthy sales growth over recent years. This is 
true for example of SIC 29 - petroleum and coal products, where in 1980 barely 
19% of the equipment was 10 years old or older, and over 50% was four years 
old or less. The same is true for SIC 37 - transportation equipment, where 
22.2% of the equipment in 1980 was 10 years old or older, whereas 47% was 
four years old or less. However, these industries may have more potential 
for a future come-back, and, in the case of automobiles, may be better pro- 
tected against foreign imports. 

Other industries with a relatively young capital equipment stock seem to 
have good prospects for continued sales growth. This applies to SIC 35 - non- 
electric machinery, where in 1980 only 23.7% of the equipment was 10 years old 
or older, while 47.3% was four years old or even younger. It may also be true 
for SIC 36 - electrical and electronic equipment, where in 1980 47% of the 



equipment was four years old or younger and only 22% had reached the age of 
10 years or more. 

4. OUTLOOK 

Much still remains to be done in the analysis of structural changes based 
on manufacturing output and capital stock (equipment). For example, input- 
output analysis and the establishment of capitalloutput ratios have not as 
yet been tackled from these data. Before going any deeper into this time- 
consuming task, one might want to consider the results of the admittedly 
superficial analysis carried out so far. This has demonstrated that over 
the last 20 years, US industry continued on its way to higher industrializa- 
tion. This meant moving away from primary industries and those based on long- 
established technologies, and a shift towards more sophisticated industries 
and technologies in which the US still has an edge. 

The analysis has also identified the long-term losers, whose shares in 
total manufacturing output and capital have been receding since 1960. Among 
them steel, basic chemicals, textiles, and leather are prominent examples. 
Will the 20-year slide continue for these and other industries: for example 
food, which is affected by changes in taste as well as increasing affluence; 
or stone, clay, and glass, which suffers from an increasing general prefer- 
ence for lighter materials, as does steel, to some extent? What are the 
chances for a come-back for transportation equipment and the petroleum and 
coal products industry? How much more can drugs and pharmaceuticals, office 
and computing machinery, and electronic equipment expand? Equally important, 
to what extent can the losses (output and capital) of the losers be compen- 
sated by the gains of the winners? This is a question of particular relevance 
to labor, and it will be reviewed in a forthcoming report. 



OBJECTIVES OF INDUSTRIAL STRUCTURAL CHANGES 
AND SOME CONCLUSIONS ON USING INPUT-OUTPUT MODELS 

Rolf Pieplow 
University of Economics, Berlin, GDR 

In the national economic planning of the GDR, input-output models are 
used to analyze and to calculate the extent of structural changes within the 
national economy. Both aggregated and more detailed input-output models are 
used, depending on the specific application. One of the more aggregated 
models contains 18 sectors (groups of products) and is used primarily for 
long-range calculations. A more detailed model containing about 600 entries 
(partly in physical terms) and 16 ministries is mainly used for one-year cal- 
culations (for details, see Mhler et al. 1981). 

The structure of these input-output models and their possible applica- 
tions are well known. Currently, the major uses in the GDR are to facilitate 
the supply of economic data, the planning of technical coefficients, and the 
planning of structural changes within sectors. In the field of plan calcula- 
tions the most important present task is the calculation of the courses of 
different structural changes with various objectives. The central question 
remains the planning and forecast of structural changes in industry, which 
is the leading and largest sector of the national economy. (The share of 
industrial production in the gross material product of the GDR was 72 percent 
in 1981 and even more in subsequent years.) 

The common goal of the plan calculations is to ensure a steady rate of 
economic growth in the GDR, as measured by the growth rates of national in- 
come or final product, against a background of generally constant or in some 
cases even declining resource bases. Steady economic growth is the vital 
precondition for a gradual yet guaranteed increase in the material and cultur- 
al living standard of the people. The main way to achieve this end is to 
harness the latest developments from science and technology, which are the 
most important determinants of change in the production structure. The need 
for structural changes is also created by changes in the requirements of the 
people and the state, changes in the availability of resources within the 
national economy and on the world market and the consequences of man's inter- 
action with the environment. Finally, changes in the international division 
of labor and in the structure of world trade also cause significant changes 
in the domestic production structure of the GDR. All these factors (see 
Figure 1) act simultaneously and of course interact with one another. The 
effects on the structure of production differ, both in material consequences 
and over time. 

The objectives deduced from these complexes of causes can differ from 
one another, but they can also be identical in some cases. For instance, the 
use of achievements of technological progress is directed toward such ends 
as saving existing resources, increasing the output of new resources, better 
satisfying the needs of the people, or increasing the quality of exported 
goods. The changing requirements of the people demand new articles, services, 
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FIGURE 1 Causes of structural changes. 

and results from science, and techniques, for instance, to facilitate house- 
work. Changes in the availability of resources evoke processes that can 
substitute some kinds of energy or raw materials by others or that lead to 
a higher quality of metals and plastics, thereby reducing the specific con- 
sumption of metals in the national economy. Finally, changes in the struc- 
ture of world trade require new products of a very high technical standard, 
for example, incorporating a high degree of automation or with very low 
specific consumption of energy. 

In order to meet all these objectives, economic calculations of struc- 
tural changes are necessary. First of all, it is necessary to calculate all 
the expenditures implied and the likely results of such structural changes. 
These calculations are partly performed using input-output models, which 
have to be adapted to the purpose of the calculation, especially in terms of 
classification and model structure. For these calculations, input-output 
models and the use-value and value input-output table with entries in natural 
units are better suited than others. Many detailed structural changes are 
not reflected adequately by aggregated input-output models. This does not 
mean, however, that aggregated input-output models are not used at all for 
analyzing structural change. In the GDR the influence of structural changes 
in the requirements of the people on changes in the structure of material 
consumption and resources has been analyzed using the statistical, 118-sector 
input-output table. To describe the structural changes in requirements in 
more detail, the consumption term in the final product was divided into so- 
called "complexes of needs", such as food, clothing, housing, health, trans- 
port, and others. Changes both between and within these complexes of needs 
have their own particular effects on resources, but there are also common 
features: for example, they all require more energy. For further information 
see Heinrichs and Knobloch (1983). 

Calculations of structural changes must also take into account that 
there are no alternatives for a considerable number of these changes, above 
all in industry; in other words, on the basis of existing conditions, special 
structural changes must be implemented. Examples of this can readily be found: 



for instance, the substitution of oil by other kinds of energy (in the GDR, 
primarily by brown coal), the implementation of basic innovations such as 
microelectronics, shifts in the overall structure of transport (less transport 
by road, more by railway and by inland navigation), the higher refining of 
(especially imported) raw materials, and the adaptation of the structure of 
export production to changes in the structure of world trade. These structural 
changes must often be implemented over a relatively short time; they require 
the concentration of manpower, investment, and resources to achieve the neces- 
sary results rapidly. Of course, even in the cases of these absolutely neces- 
sary structural changes there exist various routes for their detailed imple- 
mentation, for example, through changes in the structure of exports or the in- 
creased use of microelectronics. With the help of detailed input-output models 
the best variant can be selected. Many structural changes over recent years 
have been characterized by their effects in producing a marked reduction in 
the consumption of energy and materials in industrial production; the summar- 
ized data in Table 1 demonstrate this tendency in the GDR since 1975. 

TABLE 1 Material and energy consumption in GDR industry per unit value of 
industrial commodity production (index, 1970 = 100). 

Indicator 1975 1980 1982 

Empirically important energy 87 7 1 62 
and raw materials 

Electrical energy 8 8 75 7 3 

Rolled steel in the metal- 
working industry 

~~ ~~~ ~ 

SOURCE: Statistical Pocketbook of the GDR 1983, Berlin, 1983, p . 5 4 .  

The causes behind the structural changes, however, have themselves an 
even wider range of dynamic behavior and corresponding "possible" or "necessary" 
development options. The preconditions for each of these options and their 
results, both immediate and over the course of time, must be calculated to dis- 
cover the most effective variants for the national economy. For instance, each 
of the areas of science and technology listed in Table 2 may produce important 
structural changes in the national economy. In a relatively small national 
economy such as that of the GDR, the question frequently arises as to where 
would the concentration of available scientific potential be most effective, 
and what results should be expected for the national economy in terms of final 
product and the structure of production and export. Simultaneously, the 
further development of the international division of labor, (for the GDR, pri- 
marily between the member-countries of the CMEA) must continue to keep pace 
with rising international standards in science and technology. 

If one wishes to explore the main areas of technical progress using input- 
output models, then these models must be detailed enough to reflect both the 
preconditions for and the effects of technical development. This requires de- 
tailed entries in the use-value and value input-output table. Partial input- 
output models are also used, for example, in metallurgy, chemistry, engineer- 
ing, and elsewhere. The most complicated and as yet unresolved problem in this 
field is the calculation of the influence of scientific and technical innova- 
tions on the technical coefficients. For example, it would be very helpful to 



TABLE 2 Currently important directions in science and technology. 

Microprocessors 
Computer science and technology 
Control science and technology 
Manipulators, robots 
NC Machines, computer integrated 
manufacturing systems 

Optoelectronics 
Telecommunication systems 
Energy technologies 
Metal forming techniques 
Laser technology 
Vacuum engineering 

Radiation technology 
Cryotechnology 
Deep-sea technology 
Aeronautical and space engineering 
Biotechnology 
Gen. engineering 
Plastics 
Silicates 
Composite materials 
Environmental protection techniques 

calculate the influence of new materials (such as plastics or composite mater- 
ials) on the consumption coefficients of materials already in use and also on 
the coefficients in those technologies where the new materials are produced. 
Precise calculations cannot be made in every case, and expert estimation will 
remain important in the planning of such technical coefficientsfor some time 
to come. 

Another phenomenon with important impacts on industrial structure is the 
development of the export structure in order to meet changes in world trade 
patterns and the changing demand of foreign trade partners. Clearly, no single 
national economy can produce the entire assortment of goods produced worldwide. 
Therefore, the international links of all national economies have been steadily 
intensified. In many countries the share of machinery and equipment in imports 
has increased over the years, and this tendency will continue. However, this 
tendency also calls for a specialization of export structure. This structure 
is determined by many factors, but one of these has special importance for the 
national economy of the GDR: the influence of export structure on imports of 
energy and raw materials. The GDR belongs to that group of countries that find 
it necessary to import a great amount of energy and raw materials. Therefore, 
a given export structure gives rise to the use of a given share of imported 
raw materials for export goods. For this reason, it is essential in the 
planning of export structure to know exactly how a planned variant of export 
structure will influence the import of raw materials. The objective is to 
change the export structure in such a way that imported raw materials are 
used with a very high efficiency. Consequently the relationship between ex- 
port and import must be calculated and analyzed, using a detailed input-output 
model, in order to find the best variant for exports with a correspondingly 
effective use of imported raw materials. For this it is necessary to sub- 
divide every line of raw material consumption into consumption of inland and 
imported raw materials. Partly this is already done in the use-value and 
value input-output table. We were able to analyze the different influences 
on the total (direct and indirect) expenditures of imported energy and raw 
materials. 

One of the objectives of structural change is to reduce environmental 
pollution, and in particular to reduce the output of wastes and to promote 
the recycling of such products. On the one hand this requires us to calcu- 
late the output of wastes in the production and consumption processes and de- 
termine their possible degree of utilization elsewhere. On the other hand 
the available volume of secondary raw materials for the production sectors 
must be determined. From a theoretical point of view it is certainly possible 
to combine input-output tables with matrices that reflect (a) the output of 
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FIGURE 2 Incorporating recycling in macroeconomic input-output models. 
Source and detailed model: Sagert (1981). 

specified waste products per unit of production or consumption, (b) the uti- 
lizable secondary raw materials per unit output of waste products, and (c) 
the use of secondary raw materials per unit of production (a very simplified 
scheme is shown in Figure 2). The practical implementation of this idea 
would need extensive and detailed information, and at present we do not have 
all the necessary data. Moreover, note that the raw material consumpti.on 
of each raw material entry in the input-output table would have to be sub- 
divided into three shares, corresponding to inland primary, inland secondary, 
and imported raw materials. 

The examples described above show that calculations of structural changes 
require input-output models with detailed entries in both value and physical 
units, taking into account the specific purpose of each calculation. There- 
fore, in the GDR, the continued improvement of the use-value and value input- 
output table will play a decisive role in the future development of input- 
output models. New and more detailed entries, as well as a representation of 
the process of reproduction of capital stock, will be included in future work 
and optimization tests of the model are currently underway. 
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INPUT-OUTPUT ECONOMETRIC MODELING IN DEVELOPING 
ECONOMIES: SOME METHODOLOGICAL ISSUES 
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I. INTRODUCTION 

Reliance on primit ive methods of ru le  of t h d  f o r  analysis of the 
economy, becomes increasingly inadequate in  developing economies, a s  the i r  
t rad i t iona l  sectors are  modernized and the typical  economy gets  more complex. 
A s  these countr ies develop, formal economy-wide ana ly t ica l  models invariably 
become a necessity f o r  the average economic pol icy maker, i f  he is to succeed 
i n  e f fec t ive ly  monitoring and influencing the d i rec t ion and leve l  of economic 
ac t iv i ty .  In most of the developed market economies of the west, large scale 
macroeconometric models a r e  finding increasing application i n  the analysis and 
forecast  of short-term aggregate demand. The approach to  econometric modeling 
in these economies i s  often doctr inaire,  emphasizing income determination, 
forecast ing,  and policy analysis in  the short  run. This approach has been 
found t o  be unsuitable f o r  most developing economies, Klein (1966) where the 
overriding concern i s  on supply s ide and generation of productive capacity. 
A study by Mlshkin (1979) has shown tha t  standard simulation procedures i n  
these conventional econometric models a re  capable of misleading pol icy pres- 
c r ip t ions,  especial ly when longer term projections a r e  involved. This i s  
at t r ibu tab le  par t ly  to  the var iab i l i t y  of model coef f ic ients  with ordinary 
time se r ies  data. This s i tuat ion i s  compounded fur ther  i n  the developing 
economies in  which unstable i ns t i t u t i ona l  fac tors  contr ibute to  the quick 
obsolescence of conventional macroeconometric models. Macroeconomic modeling 
with supply side emphasis f o r  planning, and longer term projection purposes 
t o  meet the needs of developing economies, requires a linkage between f i n a l  
demand spending and sectoral  a c t i v i t i e s  in the production sectors.  The kind 
of information tha t  industry studies provide within input-output (1-0) analy- 
t i c a l  framework have been found t o  provide a basis f o r  such l inkage, and 
attempts have been made by model bui lders a t  incorporating 1-0 sectors i n  
econometric models of some developed economies, some of which include the U.S., 
Preston (1975 a ,  b) , Canada (1978) and more recently Germany, Nyhus (1982). 

Input-output based econometric modeling appear t o  have the potent ia l  of 
dealing with two major problems any macro model bui lder i n  a developing economy 
has to contend with, tha t  of f inding a sui table theoret ica l  framework f ree  from 
doctr inaire orthodoxy, and t h a t  of f inding a sui table framework f o r  longer 
term studies. However trying t o  develop input-output econometric models within 
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Centre f o r  Econometric and Allied Research, (CEAR) University of Ibadan, Ibadan, 
Nigeria. Funding support f o r  t h i s  research through CFAR by the Ford Founda- 
t ion ,  Grant (830-0216) and Rockefeller Foundation, Grant (GA SIE 8114) a re  
hereby acknowledged. M r .  1 . D  Poloamina a Graduate Assistant a t  CF3LR offered 
valuable c r i t i c ism on the or ig inal  d ra f t  of t h i s  paper; any shortcomings re- 
main the so le  responsibi l i ty  of the author. 



t h e  c o n t e x t  of developing economies r a i s e s  a number of methodological  problems 
some of which a r e  d i r e c t l y  l i nked  wi th  t h e  problem of a v a i l a b i l i t y  o f  1-0 
t a b l e s ,  and t h e i r  compi lat ion problems, and o t h e r s  which a r e  t h e o r e t i c a l  i n  
na tu re .  Most of  t h e  problems r e l a t i n g  t o ,  c o s t s ,  d a t a ,  and o t h e r  resource 
c o n s t r a i n t s  have been h igh l igh ted  by Singh (1972) from t h e  perspec t i ve  of  
Kenyan exper ience.  One o f  t h e  major t h e o r e t i c a l  problems h a s  t o  do with t h e  
problem of incons is tency between 1-0 a n a l y s i s  and econometric modeling d i s -  
cussed by Sap i r  (1976) and Marzouk (1976).  Our o b j e c t i v e  i n  t h e  p r e s e n t  paper 
i s  t o  examine some of these  methodological  problems f u r t h e r  and how they  a r e  
be ing tack led  w i th in  t h e  c o n t e x t  of a n  on-going e f f o r t  i n  ano ther  developing 
economy, Niger ia .  The r e s t  of t h e  paper  i s  div ided i n t o  f o u r  s e c t i o n s ;  a 
s e c t i o n  I1 qu ick ly  reviews t h e  1-0 approach t o  econometric modeling; s e c t i o n  
t h r e e  d iscusses  t h e  incons is tency  problem. I n  s e c t i o n  I V  some of t h e  prob- 
lems r e l a t i n g  t o  t h e  compi la t ion of  1-0 t a b l e s  a r e  examined and f i n a l l y  i n  
s e c t i o n  V a summary i s  made. 

I1 INPUT-OUTPUT ECONOMETRIC WDELING 

The essence of 1-0 econometric modeling is  t o  t r a n s l a t e  g r o s s  ou tpu t  in -  
t o  va lue  added by s e c t o r s  and r e l a t e  t h e s e  t o  f i n a l  demand c a t e g o r i e s .  The 
c o e f f i c i e n t s  of  t h e  r e s u l t i n g  va lue added equat ions can then  b e  est imate$ 
d i r e c t l y  from 1-0 t a b l e s  where t h e  t a b l e s  a r e  a v a i l a b l e ,  o r  es t ima ted  from 
o t h e r  n a t i o n a l  accounts  s e r i e s  and g iven  1-0 a n a l y s i s  i n t e r p r e t a t i o n .  The 
U.S. model by Pres ton ,  t h e  Canadian model by Johnson e t .  a l . ,  and t h e  model 
f o r  Western Germany by Nyhus, adopted t h e  former approach. In  i n d i v i u a l  
country models f o r  developing economies where r e g u l a r  1-0 may n o t  b e  a v a i l a b l e  
t h e  approach tends t o  b e  t h e  l a t t e r ,  and a few examples inc lude  t h e  models of  
Sudan [Marzouk (1975) ] , B r a z i l ,  [Behrman and Klein (1970) 1 Mexico [Del Rio and 
Kle in  (1974) 1 and Niger ia  [Olo f in  e t  a l .  19831. The b a s i c  methodology i n  
e i t h e r  approaches may be summarised a s  fo l lows:  

L e t ,  
A = ( a .  . )  = matr ix  of t e c h n i c a l  c o e f f i c i e n t s  

11  
Xi = product ion of commodity i 

Y. = f i n a l  demand f o r  commodity i 

Q .  = va lue added i n  s e c t o r  i. 

Input-output a n a l y s i s  o f f e r s  a framework i n  which, f o r  a g iven l e v e l  of  o u t p u t ,  
i n te rmed ia te  i n p u t  demand can be uniquely deternined from a product ion r e l a t i o n  
i n  which ou tpu t  i s  made a func t ion  of  pr imary i n p u t s  on ly .  The b a s i c  s t a t i c  
1-0 r e l a t i o n s h i p s  s t a t e s  t h a t  

o r  i n  matr ix  n o t a t i o n ,  

whereby, 

( I - A )  X = Y (2 )  

where, X and Y a r e  n-vectors  and A i s  an (nxn) matr ix .  Thus r e l a -  
t i o n s h i p  (1)  s t a t e s  t h a t  product ion of commodity i equa ls  t h e  sum of 
i n te rmed ia te  i n p u t  demand and f i n a l  demands ( Y ) .  Also, 



Q j  = X .  
I  

We can rewr i te  ( 3 )  a s ,  

o r  i n  mat r i x  n o t a t i o n ,  

where Q i s  an n-vector and B i s  an (nxn) matr ix  whose t y p i c a l  element 
on t h e  lllaln diagonal  i s  given by, 

whi le a l l  t h e  o f f  d iagonal  elements a r e  zeros.  The r e l a t i o n s h i p  ( 4 )  d e f i n e s  
va lue added i n  t h e  j t h  s e c t o r  Q j  a s  t h e  d i f f e r e n c e  between g r o s s  o u t p u t  

X and total i n te rmed ia te  i n p u t s  de l i ve red  by a l l  s e c t o r s  t o  t h e  j t h  s e c t o r .  
j  

On t h e  product ion s i d e ,  this r e l a t i o n  t ransforms g r o s s  o u t p u t  i n t o  va lue added 
by s e c t o r s .  

Combining eqs.  (1 ) '  and ( 4 f  we o b t a i n ,  

On t h e  dellland s i d e ,  f i n a l  demand may c o n s i s t  of m components1, whereby 
t h e  f i n a l  deunnd by t h e  i t h  s e c t o r  is given by 

Y. = Y. + Y  + ,  ..., + Y .  
11 i~ ~ r n  ( 6 )  

The share  of t h e  i t h  s e c t o r ' s  f i n a l  demand d e l i v e r i e s  t o  each f i n a l  demand 
category  i s  g iven  by 

h .  = Y . . / Y .  j  = 1 , . . . ,  m 
1 I 11 I 

( 7 )  

and fo l lowing Marzouk ( 1 9 7 5 )  t hese  shares  can be assumed t o  be cons tan t .  

Combining ( 6 )  and ( 7 )  we o b t a i n  

o r  i n  matr ix  no ta t ion  

Y = HR 

where Y i s  an n-vector of f i n a l  demand d e l i v e r i e s  by s e c t o r s ,  H is an  
(nxm) mat r i x  whose columns sum t o  u n i t y  and show t h e  propor t ion of  each 
type of  f i n a l  demand de l i ve red  by each s e c t o r ,  and R is an m-vector of  GNP 
components. To be a b l e  t o  express va lue added (Q)  a s  a func t ion  of f i n a l  

demand (R) we s u b s t i t u t e  Y from ( 8 f  i n t o  ( 5 )  a n d w e  o b t a i n ,  
-1 

Q = B ( 1 - A )  HR ( 9 )  
System ( 9 )  is  a s e t  of l i n e a r  equat ions connect ing va lue  addex (Q)  wi th  
GNP components ( R ) ,  whose c o e f f i c i e n t s  a r e  t o  be determined by reg ress ion  

'Which t y p i c a l l y ,  i nc ludes  changes i n  inventory  s tock;  g r o s s  f i x e d  investment;  
expor ts ;  p r i v a t e  consumption and pub l i c  consumption. 



a n a l y s i s ,  us ing  e i t h e r  d a t a  from 1-0 t a b l e s  where t h e s e  a r e  a v a i l a b l e ,  o r  a s  
approximat ions of such 1-0 based c o e f f i c i e n t s  when o t h e r  t ime s e r i e s  d a t a  a r e  
used. 

111. INCONSISTENCY PROBLEM 

The incons is tency problem a r i s e s  when, t h e  c o e f f i c i e n t s  i n  an 1-0 econo- 
metr ic  model a r e  est imated from time s e r i e s  o t h e r  than those  der i ved  from i n -  
d u s t r y  s t u d i e s  w i th in  t h e  framework of 1-0 t a b l e s .  S a p i r  (op. c i t )  t r i e s  t o  
develop a theory  whose r e s u l t s  show, t h a t  i n t e r p r e t a t i o n  of o rd ina ry  t ime 
s e r i e s  based c o e f f i c i e n t s  of va lued added f u n c t i o n s  may be misleading and 
i n c o n s i s t e n t  wi th t h e  usua l  i n t e r p r e t a t i o n  of t h e  c o e f f i c i e n t s  of t h e  matr ix  

-1 
B ( I  -A) HR, when they a r e  obta ined d i r e c t l y  from 1-0 t a b l e s .  One l i k e l y  
consequence and evidence of such incons is tency  would be ,  an  upward b i a s  i n  
t h e  measurement of  t h e  impact of f i s c i a l  p o l i c y  measures on GDP, f o r  example 
long run investment m u l t i p l i e r s .  

He went f u r t h e r  t o  suggest  two p o s s i b l e  a l t e r n a t i v e  ways f o r  dea l ing  wi th  
-1 

t h e  problem. F i r s t  h e  sugges ts  t h e  es t ima t ion  of t h e  B ( I  - A) HR mat r i x  
d i r e c t l y  from 1-0 t a b l e s ,  o r  where they must b e  obta ined from es t ima t ion  of 
va lue  added f u n c t i o n s ,  such es t ima t ion  has t o  b e  done simultaneously s u b j e c t  
t o  t h e  r e s t r i c t i o n ,  t h a t  t h e  c o e f f i c i e n t s  of GNP components i n  each equat ion 
sum up t o  u n i t y ,  l e s s  t h e  r a t i o  of impor ts  t o  t o t a l  va lue  added. I t  would 
appear  t h a t  n e i t h e r  of  h i s  two suggested s o l u t i o n s  t o  t h e  problem i s  f e a s i b l e  
w i th in  t h e  con tex t  of most developing c o u n t r i e s .  The pauc i t y  of d a t a  i n  addi -  
t i o n  t o  o t h e r  compi la t ion problems t o  b e  d iscussed  i n  s e c t i o n  I V  make t h e  
a v a i l a b i l i t y  of 1-0 on a r e g u l a r  b a s i s  d i f f i c u l t  i n  mst of t h e s e  c o u n t r i e s .  
S i m i l a r l y  due t o  d a t a  c o n s t r a i n t s ,  Marzouk (1976) has shown t h a t  any a t tempt  
a t  s imultaneous es t ima t ion  of t h e  va lue added f u n c t i o n s  i s  bound t o  run i n t o  
severe  m u l t i c o l l i n e a r i t y  problems which may i n  t u r n  r e s u l t  i n  exaggerated 
and p o s s i b l y  meaningless nega t i ve  c o e f f i c i e n t s .  

Our approach t o  t h e  development of an 1-0 econometric model of t h e  
Niger ian economy h a s  been t h a t  of a  pragmatic approach, which recognises t h e  
obvious l i m i t a t i o n s  i n  t r y i n g  t o  r e l a t e  dynamic c o e f f i c i e n t s  es t ima tes  t o  an  
e s s e n t i a l l y  s t a t i c  1-0 a n a l y t i c a l  framework, b u t  a c c e p t s  t h e  broad 1-0 i n t e r -  
p r e t a t i o n ,  which a l lows t h e  l i nk ing  of va lue  added with f i n a l  demand compo- 
nen ts .  The c o e f f i c i e n t s  a r e  est imated wi thout  imposing any r e s t r i c t i o n s ,  a s  
long a s  such e s t i m a t e s  y i e l d  meaningful c o e f f i c i e n t s .  A s  t h e  d a t a  s i t u a t i o n  
improves, n o t  on ly  would compi la t ion of r e g u l a r  1-0 t a b l e s  become e a s i e r  b u t  
a l s o ,  t h e  simultaneous es t ima t ion  of c o e f f i c i e n t s  a s  suggested by Sap i r  may 
become f e a s i b l e  and consequent ly t h e  problem of i ncons is tency  i n  1-0 econo- 
metr ic  models f o r  developing economies can be tack led.  

I V. SOME OTHER METHODOLOGICAL PROBLEMS 

There a r e  s e v e r a l  methodological problems which a r e  d i r e c t l y  r e l a t e d  t o  
t h e  compi lat ion of 1-0 t a b l e s  i n  a d d i t i o n  t o  t h e  i n t e r p r e t a t i o n  problem d e a l t  
wi th i n  t h e  s e c t i o n  immediately p r e c e d i n g  t h i s .  I n  b r i e f l y  d i scuss ing  a 
number of t h e s e  problems i l l u s t r a t i o n s  w i l l  be drawn on how they a r e  being 
tack led  from a developing economy's pe rspec t i ve  from CEAR's on going e f f o r t  
t o  produce 1-0 t a b l e s  f o r  t h e  Niger ian economy on a r e g u l a r  b a s i s .  

a .  Resource c o n s t r a i n t s  and P e r i o d i c i t y .  

An 1-0 -econometric model t h a t  would e f f e c t i v e l y  se rve  a s  a  framework 
f o r  long term s t u d i e s  and p r o j e c t i o n s ,  needs r e g u l a r  1-0 t a b l e s  which revea l  
t h e  s t r u c t u r a l  changes t h a t  occur  wi th in  an  economy a s  i t  grows. One of t h e  



mst d i f f i c u l t  chal lenges an 1-0 ana l ys t  i n  a developing economy would have 
t o  contend with is t h e  problem of i r r e g u l a r i t y  of 1-0 tab les .  Given the man- 
power and o ther  resource requirements of regu la r  production of 1-0 t ab les ,  
producing these  t a b l e s  a t  regular  i n t e r v a l s  may be a formidable problem. The 
na tu re  of these  problems and how they render regu la r  compilation of 1-0 t ab les  
a l m s t  impossible i n  developing count r ies  has been wel l  e lborated upon by 
Singh ( o p . c i t ) .  The r e s u l t  i s  t h a t  f o r  count r ies  which have any 1-0 t ab les  
a t  a l l ,  such a r e  usual ly  compiled by non-resident exper ts  who c ~ p l p i l e  the  t a b l e  
f o r  some pa r t i cu la r  period and f o r  some spec i f i c  purpose w i t h  no bas i s  f o r  
cont inu i ty .  For example p r i o r  t o  CEAR's p ro jec t  to embark on regu la r  compi- 
l a t i o n  of 1-0 t ab les  f o r  t he  Nigerian economy the re  were t h ree  d i f f e r e n t  a t t e -  
mpts by Car te r  (1966) Clark (1970) and Aboyade e t .  a 1  (1981) which resu l ted  
i n  t h ree  d i f f e r e n t  t ab les  of varying s i z e s ,  which were more o r  l e s s  compiled 
inde pendt ly  of one another and f o r  d i f f e r e n t  purposes, w i t h  no in ten t ion  
whatsoever f o r  continuous compilation. Ca r te r ' s  t a b l e  involved a 20 x 20 
t ransac t ions  matrix based on Okigbo's (1962) 1950-57 National Accounts of 
Nigeria. C la rk 's  t a b l e  had no t ransac t ions  matr ix of i t s  own; ins tead  hypo- 
t h e t i c a l  coe f f i c i en t s  were used i n  e n l a r g i q c a r t e r ' s  20 x 20 t ab le  t o  ob ta in  
a massive 86 x 86 matr ix of technica l  coe f f i c i en t s .  The t h i r d  t a b l e  by 
Aboyade e t .  a l .  had a 25 x 25 t ransac t ions  matr ix a s  an accompaniment of t h e  
1973-75 National Accounts f o r  the  Nigerian economy. For a l l  p rac t i ca l  purpose 
it i s  v i r t u a l l y  impossible t o  l i nk  t he  t h ree  t ab les  together  by any known 
methods i n  any meaningful way f o r  ana l y t i ca l  purposes. 

I t  would appear t h a t  o the r  than these  occasional t ab les  it is d i f f i c u l t  
t o  produce 1-0 t ab les  regu la r ly  because of t he  absence of any organisat ion o r  
body committed t o  doing so. Most  developing count r ies  have s t a t i s c a l  gather-  
ing agencies which a r e  i l l -equiped t o  undertake such a demanding task  on a 
cont inuing bas is .  One of t he  primary ob jec t i ves  a t  CFAR i n  i ts  1-0 p ro jec t ,  
is  t o  develop a framework t h a t  would make f o r  r e l a t i v e  ease of compiling regu- 
l a r  1-0 t ab les  from i n d u s t r i a l  survey da ta  and na t iona l  accounts da ta ,  supple- 
mented with da ta  from adminis t rat ive and o ther  sources. To t h i s  end t h e  year 
1970 was se lec ted  a s  an experimental year  f o r  t he  f e a s i b i l i t y  of a regu la r  
50 x 50 t ransac t ions  flows matr ix,  [Olayide e t .  a l .  (1981) 1 .  Ef fo r t  i s  
cur ren t l y  i n  progress t o  produce regu la r  annual t ab les  begining with 1980. 

b. Accounting framework 

The accounting framework f o r  1-0 t ab les  described i n  t h e  United Nations 
repo r t ,  A system of National Accounts2 may be d i f f i c u l t  t o  implement i n  most 
developing count r ies  because of da ta  r e s t r i c t i o n s .  In t h e  U.N. framework, 
p resenta t ions  of inpu ts  and outputs a r e  done i n  separa te  t ab les ,  and c l a s s i -  
f i c a t i o n  of inpu ts  and outputs i s  done by commodity. a d i s t i n c t i o n  between 
i ndus t r i es  and commodities is a l s o  possib le.  Despite t h e  obvious advantages 
of the  commodity industry  format over t h e  in ter- industry  square format, t h e  
most obvious being t h e  r e l a t i v e  ease wi th which i n te rna l  consistency checks 
can be ca r r i ed  ou t  i n  t he  former, most developing economies may have t o  make 
do with t he  t r a d i t i o n a l  square in te r - indus t ry  t a b l e  i n  i ts  most s impl i f ied 
form a s  i l l u s t r a t e d  i n  cha r t  1 below, because of data r e s t r i c t i o n s .  Other 
methodological and compilat ions problems y e t  t o  be d iscussed i n  t h i s  sec t ion  
would be discussed i n  re l a t i on  t o  t he  s impl i f ied accounting framework i n  
cha r t  1. 

Refer ing t o  c h a r t  1 ,  t he  V matrix is an (n-1) x (n-1) matrix which 
i s  a matr ix of t h e  values of in termediate commodity inputs.  I n  t h i s  matrix 
each row shows t h e  d i s t r i bu t i on  by industry  of t he  inpu t  of a commodity, while 

' A  system of National Accounts, Studies i n  Methods, Se r i es  F ,  No 2 ,  
hev. 3, United Nations New York, 1968. 



each column shows t h e  d i s t r i b u t i o n  by commodity of  t h e  i n p u t  of an indus t ry .  
The F rmt r i x  i s  an (nxm) matr ix  of t h e  va lues of commodity i n p u t s  of  f i n a l  
demand c a t e g o r i e s .  An i n d u s t r y  is de f ined  a s  a group of economic a c t i v i t i e s  
brought toge ther  under a s i n g l e  category  mainly because of t h e i r  s i m i l a r i t y .  
An n t h  s e c t o r  is inc luded a s  t h e  ( r )  v e c t o r  f o r  reason which w i l l  b e  
exp la ined s h o r t l y  under  ba lanc ing problems. Estab l ishments  which come under 
each i n d u s t r y  e s p e c i a l l y  manufactur ing, inc lude those  employing 10 o r  more 
persons o n l y ,  t o  t h e  exc lus ion of  smal l -sca le  h a n d i c r a f t  i n d u s t r i e s .  

c .  Aggregat ion and Disaggregat ion 

Given t h e  pauc i t y  of r e l i a b l e  and usab le  d a t a  i n  most developing coun- 
t r i e s  t h e  temptat ion i s  always t h e r e ,  of wanting t o  c o n s t r u c t  a h igh ly  aggre- 
ga ted  t a b l e  t o  avo id  l o t s  of ze ro  e n t r i e s .  Our approach a t  CEAR h a s  been 
t h a t  of  s t a r t i n g  o u t  wi th  a h igh ly  d i ssaggrega ted  t a b l e  which is then cont rac-  
t e d  a s  d a t a  c o n s t r a i n t s  d i c t a t e  t h e  merging o f  i n d u s t r i e s .  Our b e l i e f  i s  t h a t  
a g g r e t a t i n g  a l a r g e  t a b l e  is o f t e n  e a s i e r  than t r y i n g  t o  d i ssaggrega te  a h i g h l y  
compact t a b l e .  

While mu l t i p le  l e v e l s  of  aggregat ion may b e  f e a s i b l e  i n  t h e  manufactur ing 
s e c t o r s ,  depending on t h e  amount of d e t a i l s  provided i n  t h e  i n d u s t r i a l  survey 
in format ion,  only a s i n g l e  l e v e l  o f  aggregat ion i s  f e a s i b l e  f o r  s e c t o r s  which 
d e r i v e  from t h e  n a t i o n a l  accounts  s t a t i s t i c s ,  e s p e c i a l l y  t h e  primary producing 
s e c t o r s  such a s  a g r i c u l t u r e ,  mining and quar ry ing ,  l i v e s t o c k ,  f i s h e r i e s  and 
f o r e s t r y .  I d e a l l y  one would expect  f u r t h e r  d i saggrega t ion  of pr imary i n p u t s  
i n t o  c a t e g o r i e s  which may inc lude ,  wages, s a l a r i e s ,  supplementary labour  in-  
come, i n d i r e c t  taxes  and subs id ies .  T h i s  may n o t  be p o s s i b l e  f o r  most deve- 
l op ing  c o u n t r i e s  again  because of u n a v a i l a b i l i t y  of  d a t a ,  hence t h e  pr imary 
i n p u t s  matr ix  may be reduced t o  a s i n g l e  row vec to r  on ly .  

The l e v e l  of  aggregat ion of f i n a l  demand c a t e g o r i e s  w i l l  o f t e n  be d i c -  
t a t e d  by t h e  l e v e l  of  aggregat ion of  t h e s e  c a t e g o r i e s  i n  a c o u n t r y ' s  n a t i o n a l  
income accounts .  Ord ina r i l y  a comprehensive Nat iona l  Accounts f o r  any coun- 
t r y  would inc lude ,  t h e  income and expendi ture  accoun ts ,  r e a l  domest ic product  
by i n d u s t r y ,  F i n a n c i a l  f low accounts ,  t h e  ba lance of  payments account a s  we l l  
a s  t h e  input -output  t a b l e .  I d e a l l y  one would expec t  t h e  f i n a l  expendi ture  
i tems i n  t h e  Income and expendi ture  accounts  t o  b e  i d e n t i c a l  wi th some i tems 
i n  t h e  1 /0  sub-system. For most developing c o u n t r i e s  however such f i n a l  
demnd i tems a r e  h igh ly  aggregated,  making decomposit ion i n t o  s e c t o r  demands 
d i f f i c u l t .  Also underva luat ion of t h e s e  i tems is n o t  u n l i k e l y ,  due t o  quan- 
t i f i c a t i o n  problems of a c t i v i t i e s  i n  t h e  in formal  t r a d i t i o n a l  s u b s i s t e n c e  
s e c t o r .  For a count ry  l i k e  N iger ia ,  expendi ture  i tems a r e  d i saggrega ted  i n t o  
p r i v a t e  and pub l i c  s e c t o r  c a t e g o r i e s  o n l y ,  and income acc ru ing  t o  pr imary 
f a c t o r s  of  product ion and t h e  non- factor  c o s t s  such a s  i n d i r e c t  t a x e s  a r e  
u s u a l l y  very  scan ty  and unreliable. There is a l s o  t h e  lack  of  d a t a  on t h e  
va lua t ion  and commodity con ten t  of  i n v e n t o r i e s ,  which i s  consequent ly  t r e a t e d  
a s  a r e s i d u a l  f i n a l  demand v e c t o r .  

d. Va luat ion Problems 

I d e a l l y  an 1-0 t a b l e  should beconst ructed wi th  v a l u a t i o n  done a t  produ- 
c e r s '  p r i c e s ,  o r  what i n  United Nat ions SNA terminology is r e f e r r e d  t o  a s  
'approximate b a s i c  v a l u e s ' .  Such va lua t ion  presupposes t h e  a v a i l a b i l i t y  of 
d a t a  on t h e  va r ious  margins s u c h . a s  r e t a i l ,  wholesa le ,  t a x  and t r a n s p o r t  
margins which a r e  d i f f i c u l t  t o  come by i n  most developing economies. I t  i s  
m r e  l i k e l y  t h e r e f o r e  t h a t  va lua t ion  of  t h e  t r a n s a c t i o n s  f lows i n  t h e  1-0 
t a b l e  w i l l  b e  c a r r i e d  o u t  a t  market o r  pu rchasers  p r i c e s  a s  we a r e  having t o  
do f o r  N iger ian t a b l e s .  
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Final Demand Categories Notation 
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Another major problem o f t e n  a r i s e s  i n  compil ing t h e  f i n a l  demand matr ix  
(F) a s  wel l  a s  t h e  intermediate use matr ix  (V) , on how t o  d i s t i n g u i s h  between 
imports and domest ica l ly  produced goods and s e r v i c e s .  Most f i r m s  would ha rd ly  
make necessary  d i s t i n c t i o n  between imports and domest ic product ion of raw 
n a t e r i a l s  purchased f o r  f u r t h e r  process ing.  Also f i n a l  demand t r a n s a c t o r s  
such a s ,  households, t h e  government and co rpora te  bus iness  do n o t  record t h e  
purchase of commodities by t h e i r  o r i g i n s ,  a s  t o  whether such commodities a r e  
imported o r  produced domest ica l ly .  In dea l ing  w i t h  t h i s  problem what we do 
i s  to assume t h a t  imports a r e  g e n e r a l l y  f i x e d  p ropor t ions  of t o t a l  supply f o r  
each u s e r .  By t h i s  assumption it is then p o s s i b l e  t o  p r o r a t e  import  va lues 
f o r  each commodity over  t h e  va r ious  u s e r s  and s e c t o r s .  

A t h i r d  major va lua t ion  problem has t o  do w i th  t h e  d i s t i n c t i o n  between 
c u r r e n t  p r i c e  1-0 t a b l e s  and c o n s t a n t  p r i c e  1-0 t a b l e s .  The v a l u a t i o n  of 1-0 
f lows a t  c o n s t a n t  p r i c e s  r e q u i r e s  a d e f l a t i o n  procedure i n  which a p p r o p r i a t e  
d e f l a t o r s  must be found f o r  each of t h e  n-sectors .  For  most developing coun- 
t r i e s  l i k e  N iger ia ,  d e f l a t o r s  may be o b t a i n a b l e  f o r  broad va lue added c a t e -  
g o r i e s  only.  Thus a t  b e s t  cons tan t  p r i c e  1-0 t a b l e s  would b e  f e a s i b l e  on ly  
a t  a h igh ly  aggregated l e v e l .  f o r  t h i s  reason ,  our  approach i n  Niger ia  i s  t o  
concen t ra te  on va lua t ion  a t  c u r r e n t  market p r i c e s  pending when t h e  a v a i l a b i -  
l i t y  of improved d a t a  on a p p r o p r i a t e  d e f l a t o r s  would make cons tan t  p r i c e  1-0 
t a b l e  f e a s i b l e .  

e. Comod i t y  Balancing 

Another methodological problems a r i s e s  from t h e  commodity ba lanc ing re-  
quirement f o r  a n  1-0 t a b l e .  Typ ica l ly  any 1-0 i s  cons t ruc ted  on t h e  b a s i s  
of t h r e e  key assumptions. These a r e ,  ( i)  t h a t  a g iven economy can be meaning- 
f u l l y  segmented i n t o  a f i n i t e  number of s e c t o r s  each of  which produces a 
s i n g l e  homogenous product.  (ii) In  a l l  product ion processes t h e r e  a r e  no 

economies of  s c a l e  nor  diseconomies of s c a l e ;  t h a t  i s  i n  t h e  absence of 
techno log ica l  innovat ions technolog ica l  c o e f f i c i e n t s  remain cons tan t .  (iii) 
Thi rd ly  t h a t  t h e  l e v e l  of  o u t p u t  i n  each s e c t o r  uniquely determines t h e  
q u a n t i t y  of each i n p u t  purchased from o t h e r  s e c t o r s .  Given t h e s e  assumpt ions,  
an economy's product ion processes and t h e i r  va r ious  i n t e r r e l a t i o n s h i p s  can 
be s p e c i f i e d  i n  terms of ba lance equa t ions  a s  fo l l ows ,  

where Q and Y a r e  a s  prev ious ly  de f ined  and A , .  s tands  f o r  i n te rmed ia te  
1 1  

i n p u t s  demand and Qo s tands  f o r  t h e  primary commodity. 
I f  we assume t h e  absence of j o i n t  product ion i n  a d d i t i o n  t o  assuming 

c o n s t a n t  r e t u r n s  t o  s c a l e ,  we can w r i t e  t h e  product ion func t ion  r e l a t i n g  out -  
p u t  of  s e c t o r  j  , Q. t o  i t s  i n p u t  requirements a s ,  

3  

where H. . is t o t a l  q u a n t i t y  of  va r ious  t ypes  of i n p u t s  purchased by s e c t o r  
1 3  

j ,  from o u t s i d e  t h e  geographic boundries of t h e  economy i n  q u e s t i o n ,  
i = 1 ,  2 ,  . . . , m; An+ l  , j  i s  t o t a l  q u a n t i t y  of homogenous pub l i c  s e r v i c e  
purchased by s e c t o r  j from governmental and quasi-governmental agenc ies  
and A . i s  t o t a l  q u a n t i t y  of homogenousLabour s e r v i c e s  purchased by s e c t o r  

01 

j from households. Under t h e  assumption of  genera l i sed  d imin ish ing r e t u r n s ,  
t h e  i soquan t  s u r f a c e s  d e r i v a b l e  form equat ion ( 11) have t h e  usuJ.Lconvexity , 
Dorfmn e t .  a l . ,  (1958; p 209) ,  and hence t h e  product ion func t ion  Fa can be 
w r  i t t e n  a s  fo l lows:  



I f  it i s  f u r t h e r  assumed t h a t  a l l  c o m d i t i e s  a r e  non-free o r  s c a r c e  coma- 
d i t i e s ,  then t h e  Min Qi = Max Qi i n  (12) and hence eq. (12) is equiva- 

J J 

l e n t  t o  equat ion ( 11) , where t h e  a > O  stand f o r  t h e  techno log ica l  co- 
e f f  i c i e n t s  and t h e  b .  . > O  f o r  t d s t r a d e  c o e f f i c i e n t s .  

11s 
To d e r i v e  t h e  s t r u c t u r a l  equa t ions ,  t h e  technolog ica l  c o e f f i c i e n t s  a r e  

needed and a r e  de r i ved  a s  

whereby, 
A . .  = a . .  Q - i = 0 ,  1 ,  ..., n 

11 
(13) 

11 j '  

The r e l a t i o n s h i p  i n  (13) s t a t e s  t h a t  each i n p u t  requirement A i s  i n  f i x e d  
i j  

p ropor t ion t o  t o t a l  ou tpu t  Q. ,  which is t h e  same a s  say ing t h a t  t h e  techno- 
l o g i c a l  c o e f f i c i e n t s  a .  a r e  c o n s t a n t .  Combining e q s .  (10) and (13) 

l j s  
we have, f o r  every  known q u a n t i t y  of  t o t a l  ou tpu t  Q, t h e  fo l lowing r e l a t i o n  

where, by convent ion Yo = 0 ,  t h a t  is  f i n a l  demand f o r  t h e  non-produced 
commodity is assumed t o  be zero.  Thus cons ide r ing  a t y p i c a l  column i n  

c h a r t 1 ,  t h e  fol lowing should hold:  

That is,  s e c t o r  j ' s  t o t a l  i n p u t  u s e  Qj should c o n s i s t  of  purchases made 

from t h e  va r ious  s e c t o r s  of t h e  economy, inc lud ing  i t s e l f ,  p l u s  payments t o  
(1.) f a c t o r s  o f  product ion. A l t e r n a t i v e l y  look ing a t  t h e  c h a r t  row wise,  it 
should be t h e  c a s e  t h a t ,  

That is ,  t h e  g r o s s  ou tpu t  of i ndus t ry  i, Qi should equal  t h e  sum of t h e  

i n d u s t r y ' s  s a l e s  t o  a l l  t h e  n s e c t o r s  inc lud ing  s a l e s  t o  i t s e l f ,  and i t s  
d e l i v e r i e s  t o  each of  t h e  m c a t e g o r i e s  of f i n a l  demand. The ba lanc ing 
requirements i s  s a t i s f i e d  when s a l e s  equa ls  purchases t h a t  is ,  

To ach ieve t h i s  commodity ba lance ,  a uniform va lua t ion  o f  each commodity f o r  
a l l  t r a n s a c t o r s  o r  i n d u s t r i e s  is necessary .  Th is  i n  t u r n  c a l l s  f o r  t h e  iden- 
t i £  i c a t i o n  and p roper  va lua t ion  of t h e  margins i n  t r a d e ,  t r a n s p o r t ,  t a x e s ,  
which a s  e a r l i e r  po in ted  a r e  o f t e n  d i f f i c u l t  t o  q u a n t i f y  i n  most developing 



c o u n t r i e s .  Also t h e r e  a r e  usua l l y  under va lua t ion  problems a r i s i n g  from un- 
repor ted  product ion o r  d i s p o s i t i o n ,  e s p e c i a l l y  i n  t h e  subs is tence  s e c t o r ,  
miscl  a s s i f i c a t i o n  of product ion o r  d i s p o s i t i o n  of o u t p u t ,  and wrong va lua t ion  
o r  m i s c l a s s i f i c a t i o n  of impor ts  and expor ts .  Judging from our exper ience a t  
CEAR on Niger ian 1-0 t a b l e s ,  it i s  o f t e n  d i f f i c u l t ,  i f  no t  imposs ib le  t o  
completely e l im ina te  t h e  r e s u l t i n g  imbalances a t t r i b u t a b l e  t o  t h i s e  va r ious  
sources.  Against  convent iona l  p r a c t i c e  the re f  o r e  i f  commodity ba lance is  t o  
be achieved i n  t h e  1-0 t a b l e ,  p rov is ion  must b e  made f o r  a r e s i d u a l  s e c t o r ,  
which i s  des ignated by t h e  vec to r  ( r )  i n  c h a r t  1. 

V. CONCLUSION 

Some form of formal macroeconomic modeling f o r  e f f e c t i v e  long term po l i cy  
a n a l y s i s  and p r o j e c t i o n s  is  i n e v i a t a b l e  a s  underdeveloped economies develop 
and become m r e  complex. Input-Output econometric modeling o f f e r s  one of t h e  
l i k e l y  a l t e r n a t i v e s  t o  r e l i a n c e  on p r i m i t i v e  r u l e  of thumb f o r  such a n a l y s i s  
and p r o j e c t i o n s .  The mst s e r i o u s  methodological  o b s t a c l e s  on t h e  path towards 
r e a l i s i n g  t h e  former appear t o  be d a t a  r e l a t e d .  A s  d a t a  s i t u a t i o n  improves 
i n  t h e s e  c o u n t r i e s  such problems can be overcome. 
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OBSERVING STRUCTURAL CHANGE IN THE JAPANESE ECONOMY: 
AN INPUT-OUTPUT APPROACH 

Douglas Nyhus 
Department of Economics, University of Maryland, College Park, Maryland, USA 

The Japanese economy has moved, i n  t h e  l a s t  t u e n t y  years, f rom an 
a g r i c u l t u r a l  and p r i m i t i v e  i n d u s t r i a l  economy t o  one o f  t h e  l e a d i n g  
i n d u s t r i a l  g ian ts  o f  the uorld. Indeed, there are even those who f e e l  t h a t  
Japan i s  l e a d i n g  t h e  u o r l d  i n t o  t h e  pos t - i ndus t r i a l  in format ion or iented 
society. What can we l e a r n  by l o o k i n g  a t  t h e  s t r u c t u r a l  changes i n  t h e  
Japanese economy over the l a s t  tuenty years? How important i s  manufacturing 
r e l a t i v e  t o  t h e  t o t a l  economy as compared t o  f i f t e e n  o r  tuenty years ago? 
How important u i l l  manufacturing be tuenty years from now? What measure do 
we use? value added? employment? gross output? What so r t  of changes may 
we expect i n  t h e  f u t u r e ?  What a r e  t h e  causes o f  changes t h e  r e l a t i v e  
compcrsit ion o f  output  by indust ry?  Are these causes p r i m a r i l y  i n t e r n a l  o r  
ex terna l?  Should we expect past trends t o  con t i nue  o r  i s  a "break" t o  be 
expected? 

I n p u t - O u t p u t  ana lys is ,  because i t  embodies t h e  ve ry  s t r u c t u r e  o f  
production, consumption, and income generat ion i n  the  economy, has a decided 
advantage i n  shedding l i g h t  on the questions posed above over t h a t  o f f e r e d  
by what may be ca l l ed  standard macroeconometric modelling. The dynamics o f  
i n t e r - i n d u s t r i a l  re lat ionships,  t he  changing composition and o v e r a l l  g r o u t  h 
o f  t h e  d i f f e r e n t  components o f  f i n a l  demand and t h e  g e n e r a l  e f fec ts  o f  
changes i n  r e l a t i v e  p r i c e s  on t h e  r e a l  p a r t s  o f  t h e  economy may a l l  be 
s t u d i e d  u s i n g  i npu t -ou tpu t .  I n  a d d i t i o n ,  t h e  accoun t ing  f rameuork o f  
i n p u t - o u t p u t  assures us o f  cons is tency.  A cons is tency  which i s  o f t e n  
i r r i t a t i n g  t o  the model bu i l de r  but i s  u l t i m a t e l y  a great  aid. 

The model presented below i s  o f  the "standard" INFORUM type. See, f o r  
example, Lee (19771, Almon & Nyhus (1980) or  Ciaschini (1982). Hence. t h e  
d e s c r i p t i o n  o f  the equations used i s  reserved f o r  an appendix since many o f  
them as forms o f  equations have been presented before .  The focus here  i s  
upon t h e  changing s t r u c t u r e  o f  p roduc t i on .  consumption, and some of  t he  
causes f o r  the  observed changes. The equations uere not expressly designed 
t o  focus on s t r u c t u r a l  change nor ue re  the data expressly obtained t o  be 
viewed from the perspect ive we u i l l  have i n  t h i s  paper b u t  t h i s  f a c t  o n l y  
emphasizes t h e  v e r s a t i l i t y  of input-output as a t o o l  i n  analyzing s t r u c t u r a l  
change. The data f o r  the  model uere obtained from a t imeser ies f o r  outputs 
and f i n a l  demands i n  current and cons tan t  p r i c e s  f o r  t h e  yea rs  1955-1978 
developed by Prof. Sakuramoto o f  Keio Un ive rs i t y  i n  Tokoyo. The ser ies  i s  
now being extended by Prof. Kuroda (Tsujimura,Kuroda.Shimada.l981) who i s  
a l s o  a t  Ke io  U n i v e r s i t y .  The da ta  f o r  employment and va lue  added uere 
o b t a i n e d  f rom t h e  Annual B g ~ ~ f ~ - ~ n , N ~ t _ i g n a l  A C G Q ~ @ ~ S  p u b l i s h e d  by t h e  
Economic Planning Agency of t he  Government o f  Japan. 

S t ruc tu ra l  change can a r i se  f rom changes i n  t h e  r e l a t i v e  growth and 



c o m p o s i t i o n  i n  f i n a l  demands wh ich  i n  t u r n  a r e  d e r i v e d  f rom changing 
incomes, changing r e l a t i v e  prices, changing ra tes  o f  economic growth abroad, 
changing demands f o r  c a p i t a l  equipment, and f i n a l l y  a  changing compos i t i on  
i n  the  products purchased d i r e c t l y  by government. S t ruc tu ra l  change i s  a l so  
a  f a c t o r  o f  c h a n g i n g  t e c h n o l o g i e s  o f  p r o d u c t i o n  and o f  changes i n  
i n t e r i n d u s t r y  sales a r i s i n g  from other f a c t o r s  such as r e l a t i v e  prices. Let 
us b r i e f l y  examine these i n  turn. 

The s t r u c t u r e  of p r i v a t e  consumption has changed dramati ca l  l y  i n  Japan 
i n  the  Last twenty years. Food as a  share o f  t o t a l  e x p e n d i t u r e  has f a l l e n  
f rom 38% i n  1960 t o  25% i n  1980. The amount spent on t ransportat i 'on has 
grown from Less than 1% i n  1960 (presumably b icyc les)  t o  near ly  3% i n  1980. 
The share  spent on house rents  has near ly  doubled from 8.6% t o  15.8X i n  t he  
period. I t  i s  c l ea r  t h a t  the  changing propor t ions  spent on var ious consumer 
i t e m s  has moved Japan i n  a  Large and s i g n i f i c a n t  manner away f rom an 
a g r i c u l t u r a l l y  o r ien ted soc ie ty  t o  a  more serv ice or ien ted society.  Indeed 
the  p ropo r t i on  spent on serv ices has grown from 40% i n  1960 t o  47% i n  1980. 

The symmetr ic  consumpt ion f u n c t i o n  which has been wide ly  used i n  the  
INFORUM models has again been a p p l i e d  w i t h  success t o  t h e  Japanese case. 
The s y m m e t r i c  c o n s u m p t i o n  f u n c t i o n  has t h e  p r o p e r t i e s :  (a )  t h a t  i s  
homogeneous o f  degree zero i n  a l l  p r i ces  and income; (b)  t h a t  commodit ies 
shou ld  be complements from some goods and subs t i t u tes  f o r  others; and (c) 
t h a t  the  asymptotic consumption p a t t e r n  depends, as income increases.  on 
r e l a t i v e  p r i c e s .  The fo rm o f  t h e  e q u a t i o n  used may be found i n  t h e  
appendi x. 

Forecasts using the  symmetric consumption f u n c t i o n  show t h e  share o f  
t o t a l  expenditures going t o  food t o  f u r t h e r  dec l ine  t o  22% by the  year 2000. 
The share  spent on t ranspo r ta t i on  equipment t o  remain a t  i t s  1980 Level - a 
reversa l  o f  the  t rend which showed s u b s t a n t i a l  g row th  h i s t o r i c a l l y .  The 
share  spent on house rents  (which doubled h i s t o r i c a l l y )  i s  fo recast  not t o  
grow but  ra ther  t o  f a l l  s l i g h t l y .  The serv ice share i s  fo recast  t o  continue 
i t s  upward c l imb but  a t  a  slower pace than t h a t  o f  t h e  h i s t o r i c a l  pe r i od .  
Table 1  shows the  propor t ion  o f  p r i v a t e  consumption spent on a  selected L i s t  
o f  goods and serv ices f o r  the  per iod  1960-2000. I n  addi t ion.  the Last Line 
shows t o t a l  expenditures i n  t r i l l i o n s  o f  yen i n  1975 prices. 

TABLE 1  Shares o f  Tota l  Consumption 

Food 
Rice 
Fish 

Goods 
Trans. Equip. 
Tex t i  l e s  

Services 
House Rents 
R a i l  Trans. 
0th. Trans. 
Restaurants 



Japanese expor ts  have grown tremendously du r i ng  t h e  h i s t o r i c a l  period. 
I n  1960, t o t a l  expo r t s  were 3.1 t r i l l i o n  yen (1975 p r i c e s ) .  By 1980 t h a t  
f i g u r e  had g rown t o  32.4 t r i l l i o n  - an average  g rowth  r a t e  o f  1.1.7% per  
year. There are. however, Large d i f f e r e n c e s  i n  g r o w t h  r a t e s  by  p r o d u c t .  
F a b r i c s  g r e w  a t  a n  a v e r a g e  r a t e  o f  l e s s  t h a n  2% p e r  y e a r  w h i l e  
T ranspo r t a t i on  equipment grew a t  17% p e r  yea r .  I n d e e d  t h e  p r o p o r t i o n  o f  
t o t a l  e x p o r t s  by p r o d u c t  changed d r a m a t i  c a l  Ly o v e r  t h e  per iod.  Fabr ics  
accounted f o r  15.5% o f  expor ts  i n  1960 b u t  o n l y  2.2% o f  e x p o r t s  i n  1980. 
S t e e l ' s  share grew from 5.4% i n  1960 t o  a h igh  o f  14.0% i n  1975 and back t o  
8.8% i n  1980. T ranspor ta t ion  equipment  t r i p l e d  i t s  1960 s h a r e  o f  8.7 t o  
25.8% i n  1980. 

The f u n c t i o n  r e l a t i o n s h i p  chosen t o  e x p l a i n  t h e  very  dramat ic  growth i n  
Japanese e x p o r t s  i s  t h e  same as t h a t  used i n  severa l  o t he r  models i n  t h e  
INFORUM system. It r e l a t e s  expo r t s  by product  t o  domestic cond i t i ons  i n  t h e  
customer coun t r i es  f o r  Japanese goods. R e l a t i v e  p r i c e s  - Japanese t o  a 
w e i g h t e d  average o f  Japan's compet i to rs  - were a l s o  incorporated.  The form 
o f  t h e  equat ion  can be found i n  t h e  appendix. 

The fo recas t  pe r i od  shows some moderat ion i n  t h e  p a s t  t r e n d s  and even  
some reve rsa l s .  Table 2 shows as t h e  evo l v i ng  shares o f  expor ts  as w e l l  as 
t h e  t o t a l  volume o f  exports. 

TABLE 2 Shares o f  To ta l  Expor ts  

Sea Food 1.4 1 .O .5 .6 .6 
Chemicals 3.1 5.1 5 .O 3.4 2.8 
Fabr ics  15.6 5.2 2.2 1.8 1.6 
S tee l  5.6 11.7 8.9 3.2 2 .O 
None lec t r i  c a l  Mach. 6.0 7.8 11.9 16.8 16.7 
Trans. Equipment 8.7 15.9 25.8 33.3 34.5 
Serv ices  16.4 19.8 14.9 15.2 14.9 

Expor ts  ( t r i 1 . ' 75  yen) 3.1 12.7 32.4 40.3 58.9 

L i k e  t h e  two  p r e v i o u s  components o f  f i n a l  demand, impor ts  have grown 
tremendously. The volumn o f  impor ts  has grown more s l ow l y  - 8.0% vs. 11.7% 
- than  t h a t  f o r  exports. The composi t ion o f  impor ts  has no t  changed as much 
as t h a t  f o r  exports. P r i m a r y  m a t e r i a l s  r ema in  a t  t h e  h e a r t  o f  Japanese 
i m p o r t s .  I n  f a c t ,  p r i m a r y  m a t e r i a l s  have i n c r e a s e d  as a share of  t o t a l  
impor ts  from 34.7% i n  1960 t o  38.9% i n  1980. Other  non- food  m a n u f a c t u r e s  
have f a l l e d  from 28.5% t o  26.8% over t h e  period. Crude o i l  has remained t h e  
L a r g e s t  s i n g l e  commodity impor t  as i t s  share inc reased from 18.6% t o  28.6% 
i n  1980. The n e x t  L a r g e s t  sha re  i n  1 9 6 0  was f o r  V e g e t a b l e  r e l a t e d  
a g r i c u l t u r a l  p r o d u c t s  whose sha re  f e l l  f r om  13.5% t o  8.2% over  t h e  same 
period. Machinery impor ts  s t a r t e d  t h e  p e r i o d  w i t h  a 4.1% s h a r e  and ended 
w i t h  a 5.2% share. 

As w i t h  t h e  expor t  equation. impor ts  a r e  a f u n c t i o n  o f  domestic demands 
( o u t p u t  p l u s  impo r t s  Less expor ts )  and r e l a t i v e  f o r e i g n  t o  domestic p r i ces .  
The exact form o f  t h e  equat ion  can be found i n  t h e  appendix. 

Table 3 shows t h e  e v o l u t i o n  o f  t h e  shares o f  t o t a l  impor ts  eva lua ted  i n  



1975 prices. 

TABLE 3 Shares o f  Tota l  Imports 

1960 1970 1980 1990 2000 

Primary goods 34.7 39.3 38.9 31.9 30.9 
Crude o i  1 18.6 27.6 28.6 24.4 24.3 
Raw agr. products 15.8 11.3 9.8 7.3 5.5 

Manufactured food 12.5 9.1 8.3 6 -9 5.8 
Machinery 4 .I 5 .0 5.2 12.4 12.5 
Other manufactures 24.4 23.2 21.6 24.7 28.2 
Services 5 .O 5.6 10.7 11.5 11.7 

Imports (tr. '75 yen) 5.1 17.8 25.4 42.0 62.8 

The focus  he re  i s  on the  goods and services purchased. Hence here we 
observe machinery as an investment good and not  investment by the  machinery 
i n d u s t r y .  C o n s t r u c t i o n  as a share o f  p r i v a t e  investment has remained the 
Largest propor t ion  but t h a t  share has f a1 Len s u b s t a n t i a l  l y  from i t s  1960 
share o f  69.2% t o  58.1% i n  1980. The m i r ro r  o f  construct ion's loss  has been 
E l e c t r i c a l  machinery's ga in  from 3.9% t o  9.7% i n  1980. Other products w i th  
g a i n s  have been F u r n i t u r e .  Fabr ics,  and M isce l l aneous  M a n u f a c t u r i n g .  
T r a n s p o r t a t i o n  equipment and Nonelec t r ica l  machinery shares have remained 
s i g n i f i c a n t  but wi thout any substant ia l  change h i s t o r i c a l l y .  

The approach t o  modell ing changes i n  the shares of p r i v a t e  investment  
i s  t o  compute what would have been t h e  s a l e s  o f  a p a r t i c u l a r y  good, say 
E l e c t r i c a l  machinery, i f  the  1975 share o f  investment had remained constant. 
The ac tua l  sales are then compared t o  the  constant share c a l c u l a t e d  sales.  
I f  t h e  r a t i o  o f  the  two (actual /calculated) i s  r i s i n g  we have evidence o f  a 
r i s i n g  share o f  E l e c t r i c a l  machinery i n  p r i v a t e  investment. The exact  fo rm 
o f  t h e  e q u a t i o n  can be found i n  t h e  appendix. 'The tab le  below shows the 
evo lu t i on  o f  some major categor ies o f  p r i v a t e  investment. 

TABLE 4 Shares o f  P r i va te  Investment 

Construction 69.2 56.3 58.1 54.3 51.8 
Nonel. Mach 14.1 17.2 14.0 14.0 13.8 
Elect. Mach 3.9 6.7 9.7 12.9 15.4 
Furn i tu re  .4 1 .I 1 .O 1 .I 1.2 
Trade margins 5.2 7.2 7 .O 7.4 7 -6 
Trans. margins .5 .7 .7 .7 .7 

Invest( t r . '75 yen) 7.4 29.7 42.7 68.6 105.4 

Changes i n  t h e  input-output  c o e f f i c i e n t s  are  a very essent ia l  pa r t  o f  
the study o f  s t r u c t u r a l  change. I n  fact, i t  i t  j u s t  these changes t h a t  a r e  
meant by many who speak o f  s t r u c t u r a l  change. Changes i n  i npu t  output 



c o e f f i c i e n t s  can a r i s e  f rom a changing mix o f  t e c h n o l o g i e s  i n  a g i v e n  
i n d u s t r y  as  i t  modern izes .  Such changes can occur  even uhen no new 
techo logy  a s s e r t s  i t s e l f ,  b u t  mere ly  be i n  response t o  changes i n  t h e  
r e l a t i v e  p r i c e s  o f  various inputs. 

The method used t o  p r e d i c t  c o e f f i c i e n t  change i s  i d e n t i c a l  t o  the  
method used f o r  the shares o f  investment described above. The appendix has 
t h e  exac t  fo rmula t ion  of the equation. Just as u i t h  the investment shares, 
we ca lcu la ted what would have ben the  intermediate sales of a product i f  the  
input-output mat r ix  had not changed. The ac tua l  sales uere then compared t o  
the  constant c o e f f i c i e n t  s a l e s  and t h e  r a t i o  e x p l a i n e d  u s i n g  a l o g i s t i c  
curve. Some o f  t h e  r a t i o s  have had d r a m a t i c  movements. The r a t i o  f o r  
primary s t e e l  was 1.47 i n  1960 - meaning t h a t  t h e  o v e r a l l  average o f  t h e  
c o e f f i c i e n t s  u e r e  47% h i g h e r  i n  1960 than i n  1975 - and .94 i n  1980. The 
r a t i o  grew from .79 t o  1.03 ove r  t h e  p e r i o d  f o r  Communication se rv i ces .  
L i kew ise  t h e  r a t i o  f o r  Chemicals greufrom .60 t o  1.05. On the  other hand, 
the r a t i o  f o r  Fabrics f e l l  from 1.42 t o  .92 as d i d  t h e  r a t i o  f o r  R a i l r o a d s  
wh ich  dropped from 2.56 i n  1960 t o  .82 twenty years Later. The t a b l e  below 
shous the  movement i n  the  r a t i o s  f o r  a selected group o f  i ndus t r i es  together 
u i t h  t h e i r  forecast  out t o  the year 2000. 

Table 5 Rat ios o f  Acutal t o  Calculated Intermediate Use (1975 = 1.00) 

1960 1970 1980 1990 2000 

Veg.Agr.Prod. 1.28 1.10 .94 -85 .77 
Fabr ics 1.42 1.27 .92 .7 9 .70 
Chemicals .60 1.07 1.05 1 .ll 1.13 
Pet. Ref i n i  ng .83 1.12 .78a .68a .65a 
Prim. Stee l  1.47 1.26 .94 .85 .80 
Metal Products .63 1 .04 1.09 1.18 1.21 
Rai l road Trans. 2.56 1.23 .82 .61 .49 
0th. Trans. .67 .97 1.09 1.25 1.36 
Communication Serv. .79 .80 1.03 1.09 1.14 

a Exogenously assumed 

To a s i g n i f i c a n t  extent  output and employment change the  r e s u l t s  o f  the  
u n d e r l y i n g  changes we observed i n  S e c t i o n  2. Output and employment are. 
however. t he  s i g n i f i c a n t  var iab les  uhen Looking a t  d i f f e r e n t  po l ic ies .  

The r e s u l t  o f  a l l  t h e  changes observed i n  s e c t i o n  2 can be f e l t  i n  
changes i n  output. The model has sixty-seven p roduc ing  sec to rs .  Tab le  6 
shou t h e  r e s u l t s  f o r  an aggregate l i s t  o f  tuenty- four indust r ies .  To avoid 
double counting (e.g. counting i r o n  ore go in ing  i n t o  s tee l  and c o u n t i n g  i t  
a g a i n  as the  s t e e l  goes i n t o  machinery) value added weights are  used. Thus 
we can t a l k  meaningful ly  o f  a Non-durable manufacturing i ndus t r y  e tc .  From 
Tab le  6 t h e  share  d e c l i n e  i n  t h e  importance o f  primary i n d u s t r i e s  and o f  
government serv ices i ndus t r y  stands out. Primary indust ry  alone f e l l  from a 
14.2% share o f  t o t a l  o u t p u t  t o  a 4.5% share  over t h e  1960-1980 per iod .  
I n c l u d i n g  t h e  f o r e c a s t  per iod  ue see the s lou dec l ine  i n  t he  importance o f  
Non-durable manufacturing, the  r i s e  and r e t r e a t  of Durable manufacturing and 



TABLE 6 Structure of Gross Output ( %  of total) 
(HISTOR) (HISTOR) (FORCST) (FORCST) (FORCST) 

Primary Industry 14.23 
1 Agr. , ForestryaFishery 13.40 
2 Ilining 0. 83 

Non-durab le Manufacturing 9. 82 
3 Faad and Beverages 4. 84 
4 Texti les 2. 34 
5 Pulp, Paper%Related Products 0. 73 
b Chemicals 1. 32 
7 P e t r o l e m  t Coal 0. 58 

Durable Hanufac turing 
8 Stone, Clay, Glass 
9 Basic Ketals 

10 Fabricated Metals 
11 Machinery (non-e lec t )  
12 Electrical Machinery 
13 Transportation Equipcent 
14 Precisiort Instruments 
15 Other Manufacturing 

Services 
16 Construction 
17 Utilit ies(Private) 
1R Trade 
19 Finance & Insurance 
20 Real Estate 
21 Transp. & Communication 
22 Other Services 

Government L hP Inst. 15.98 
23 Government 14. 16 
14 Non-Profit Institutions 1. 82 



t h e  steady increase i n  t h e  importance of  t h e  Serv ice economy. 

I n  many r e s p e c t s  t h e  s h i f t i n g  r e l a t i v e  i m p o r t a n c e  o f  i n d u s t r i e s  
w e i g h t e d  by j o b s  t h e  p a t t e r n s  s e t  b y  o u t p u t s .  C l e a r l y ,  i f  P r i m a r y  
i n d u s t r y ' s  s h a r e  o f  o u t p u t  has been c u t  t h r e e  q u a r t e r s  we shou ld  see a 
s i m i l i a r  s l i c i n g  o f  i t s  importance i n  t h e  employment market. The d i f f e r e n c e  
between output  and employment changes can  be e x p l a i n e d  by d i f f e r e n c e  i n  
r e l a t i v e  r a t e s  o f  p r o d u c t i v i t y  growth and i n  changes i n  t h e  average hours 
worked per  month. Since p r o d u c t i v i t y  has been i n c r e a s i n g  g e n e r a l  l y  f a s t e r  
i n  m a n u f a c t u r i n g  and i n  a g r i c u l t u r e  t h a n  i n  s e r v i c e s  t h e  p i c t u r e  of  t h e  
s t r u c t u r e  o f  jobs has changed somewhat more than  t h a t  f o r  output .  

The equat ion  f o r  employment i s  q u i t e  simple. H i s t o r i c a l l y ,  t h e  l a b o r  
r e q u i r e d  p e r  y e a r  f o r  a g i v e n  ou tpu t  i s  f i r s t  ca l cu l a t ed  as t h e  number o f  
jobs  t imes  t h e  average hours worked per  month. T h i s  l a b o r  r e q u i  rement i s  
t h e n  c o n v e r t e d  t o  a pe r  u n i t  o f  o u t p u t  b a s i s  and r e l a t e d  t o  t rends  and 
changes i n  output.  The average h o u r s  worked p e r  month has been s t e a d i l y  
d e c l i n i n g  i n  Japan b u t  i s  s t i l l  h igher  than i n  t h e  west. For example. i n  
1981, t h e  average hours worked  p e r  month v a r i e d  f r o m  a h i g h  o f  189.3 i n  
Cons t ruc t i on  t o  a low of  160.9 i n  Finance. Those numbers a re  t h e  e q u i l i v e n t  
o f  44.0 h o u r s  and 37.4 hou rs  p e r  week. A s i m p l e  l o g i s t i c  curve w i t h  an 
asymptote o f  152 hours (35.3 p e r  week) was e s t i m a t e d  . The f o rm  o f  t h e  
equat ions es t imated  can be found i n  t h e  appendix. 

T a b l e  7 shows some o f  t h e  p r i n c i p l e  changes i n  t h e  s t r u c t u r e  o f  
employment from 1960 t o  1980. I t  may seem hard t o  b e l i e v e  t h a t  i n  1960 over 
one t h i r d  o f  a l l  Japanese w o r k e r s  were  i n  t h e  A g r i c u l t u r a l  and M i n i n g  
s e c t o r s .  Even by 1980 t h a t  p r o p o r t i o n  was s t i l l  12.8%. As a p r o p o r t i o n  o f  
employment bo th  Non-durable and Durable m a n u f a c t u r i n g  peaked a round  1970. 
The d e c l i n e  i s  f o r e c a s t e d  t o  cont inue through t h e  end o f  t h e  century. ALL 
o f  services, except Trade, a re  f o recas t  t o  grow as shares. Indeed, d u r i n g  
t h e  1 9701s, S e r v i c e s  ( i n c l u d i n g  Cons t ruc t ion)  began t o  employ over h a l f  o f  
t h e  w o r k i n g  p o p u l a t i o n  i n  Japan. I n  a p p r o x i m a t e l y  t w e n t y  y e a r s  t h a t  
p r o p o r t i o n  may r i s e  t o  over 60%. 

C l e a r l y .  t h e r e  have been s u b s t a n t i a l  changes i n  t h e  s t r u c t u r e  o f  
employment and ou tpu t  i n  t h e  Japanese economy du r i ng  t h e  l a s t  twenty years. 
The model shows a c o n t i n u a t i o n  o f  p a s t  t r e n d s .  No "b reaks "  have been 
obse rved  i n  t h e  p a s t  and none a r e  f o r e c a s t .  C e r t a i n l y  some t r ends  have 
slowed o r  have even been reversed. For example t h e  h i s t o r i c a l  i n c r e a s e  i n  
D u r a b l e  m a n u f a c t u r i n g  r e l a t i v e  t o  t h e  r e s t  o f  t h e  economy has c l e a r l y  come 
t o  an end and t h a t  sec to r  i s  f a l l i n g  i n  r e l a t i v e  impo r t ance .  S u b s t a n t i a l  
changes have o c c u r  red  i n t e r n a l l y  through changing consumption p a t t e r n s  and 
changing inpu t -ou tpu t  c o e f f i c i e n t s .  The s t r u c t u r e  of  e x p o r t s  has  changed 
and has had i t s  i m p a c t  on t h e  domestic economy. The s t r u c t u r e  o f  impor ts  
has no t  changed g rea t l y ,  however, impor ts  may have more e f f e c t  i n  t h e  f u t u r e  
then  i n  t h e  past. On balance, we may t e n t a t i v e l y  conc l ude  t h a t  i n t e r n a l  
changes i n  demand p a t t e r n s  o u t w e i g h  changes i n  e x t e r n a l  p a t t e r n s  i n  t h e  
shaping o f  t h e  o v e r a l l  Japanese economy. 
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The form of  the  equation f o r  good i i n  group G (e.g. t r a n s p o r t a t i o n )  
and subgroup S (e.g. pub l i c  o r  p r i va te )  i s :  

uhere 

Ci = consumption per cap i ta  i n  constant p r i ces  o f  good i i n  year t 

Y = disposable income per cap i ta  i n  current  p r i ces  i n  year t 

pi = the  p r i c e  index o f  good i i n  year t. 

uhere s i s  the  budget share o f  commodity j i n  the base year. and 
j 

C C 
S~ = j's S j  ; SG = j E G  s j  ; C~ = 1 a l l  j j 

and b 's  and X's are parameters t o  be estimated s t a t i s t i c a l l y .  

The equa t ion  form f o r  each commodity (d ropp ing  commodity and t i  me 
subscr ipts)  is.: 



where 

M i s  t h e  volume o f  impor ts  o f  t h e  commodity 
U i s  t h e  domestic demand = outpu t  + i m p o r t s  - e x p o r t s  
P i s  t h e  p r i c e  term 

5 
p t = C  i=O (Pf'Pd)t-i 

where 
9 

P = Z  E = f o r e i g n  p r i c e  
f m=l 'm 'dm m 

where 

Pdm i s  t h e  domestic p r i c e  index  i n  coun t ry  m 

s i s  t h e  share o f  impor ts  f rom coun t ry  m o f  t o t a l  impor ts  m 
o f  t h e  commodity 

Em i s  an index  o f  t h e  p r i c e  o f  m's currency i n  yen 

P i s  t h e  domestic p r i c e  index o f  t h e  commodity i n  Japan d 

m = Canada, U.S.A., B e l g i  um, France, Germany, I t a l y ,  Netherlands, 
U.K., and t h e  Rest o f  t h e  World 

w's a r e  we igh ts  f o r  Lagged p r i c e s .  The we igh ts  a r e  d e r i v e d  from 
Nyhus (1975). 

The f o r m  o f  t h e  e q u a t i o n  i s  i d e n t i c a l  t o  t h a t  f o r  i m p o r t s  b u t  t h e  
meaning o f  t h e  v a r i a b l e s  i s  d i f f e r e n t .  

where 
X i s  t h e  volume o f  e x p o r t s  o f  a  commodity 
D i s  an index  o f  f o r e i g n  demands d e f i n e d  by 

where 
I i s  t h e  i n d u s t r i a l  p r o d u c t i o n  index  o f  coun t ry  m and m 

vm i s  t h e  share o f  t h e  t o t a l  e x p o r t s  f o i n g  t o  coun t ry  m 

m i s  Canada, U.S.A., Belgium. France. Germany, I t a l y ,  Netherlands, 
U.K., and t h e  Rest o f  t h e  World. 



where 
P i s  t h e  domestic p r i c e  index i n  Japan d 

P i s  an index o f  compet i to rs  p r i c e s  de f i ned  by: 
f 

where 
Pdm i s  t h e  domestic p r i c e  index o f  t h e  coun t ry  i n  coun t ry  m 

E i s  t h e  p r i c e  of  m's currency 
m 

u i s  t h e  share o f  wor ld  expo r t s  o f  t h e  commodity by coun t ry  m. 
m 

Changes i n  i n p u t - o u t p u t  c o e f f i c i e n t s  a r e  c r u c i a l  t o  any m e a n i n g f u l  
s t u d y  o f  s t r u c t u r a l  change i n  an  economy. The method chosen h e r e  i s  
designed t o  accoun t  f o r  wide-spread, p e r v a s i v e  c o e f f i c i e n t  change i n  a 
r a t h e r  s imple manner. 

A L o g i s t i c  curve de f i ned  by t h e  d i f f e r e n t i a l  equa t ion  

l l c  d c l d t  = b(a  - c) 

i s  used. "c" denotes t h e  c o e f f i c i e n t ,  "a" i t s  asymptote and "b" a constant.  
Thus, t h e  r a t e  o f  change o f  t h e  c o e f f i c i e n t  s l ows  as  t h e  c o e f f i c i e n t  
approaches i t s  " sa tu ra t i on "  o r  as i t  nears i t s  minimum use po in t .  

The so l u ton  o f  t h i s  d i f f e r e n t i a l  equa t ion  i s  

where A i s  a  constant  o f  i n t eg ra t i on .  

To a p p l y  o r d i n a r y  l e a s t  squares, t h e  e q u a t i o n  i s  r e - a r r a n g e d  a s  
f o l l ows :  

l n  ( a l c t  - 1) = l n  A - b a t  i f  a/ct > 1 

Ln (1  - a/ct )  = l n  (-A) - b a t  i f  a/ct < 1. 

The f i r s t  i s  used  f o r  r i s i n g  coe f f i c i en t s ;  t h e  second f o r  d e c l i n i n g  
ones. 

The a p p l i c a t i o n  o f  t h e  above e q u a t i o n s  t o  t h e  d a t a  p r e s e n t s  some 
problems. Time s e r i e s  on i n d i v i d u a l  c o e f f i c i e n t s  do ex i s t ,  bu t  because they  
were n o t  d e r i v e d  f r a n  bas i c  da ta  bu t  r a t h e r  from a form o f  t h e  RAS method, 
we f e e l  t h a t  t h e  es t imates  based on t h e  movements o f  i n d i v i d u a l  c e l l s  o f  t h e  
m a t r i x  a r e  p r o b a b l y  n o t  m e a n i n g f u l .  The re fo re ,  we i n t r o d u c e  a new C 
r e f e r r i n g  t o  t h e  e n t i r e  row i as f o l l ows :  i t  



uhere 
Uit = actua l  intermediate use of commodity i 

Xit = domestic output of commodity i 

Vit = ind ica ted use i f  c o e f f i c i e n t s  have remained constant over 
the  e n t i r e  per iod 

a.. = t he  m t r i x  o f  d i r e c t  c o e f f i c i e n t s  f o r  1975 
1 I 

tit = index f o r  the  movement o f  a l l  the  c o e f f i c i e n t s  i n  the  ith row. 

5 -5 E m e C ~ ~ m e ~ t - E w a f  i png  

For each of 24 industries, l e t  

L = H ' J  

u here 
H = average hours uorked per month 
J = number of jobs i n  indust ry  
L = labor requirement 

The labor requi rement equation then becomes 

uhere 
Q i s  gross output measured i n  constant 1975 p r i ces  
t ime l  has values 55 i n  1955, t o  80 i n  1980 
time2 equals t imel  f o r  1955-1969 and zero otheruise 
PCQ i s  the  percentage change i n  output 
PCH i s  the  percentage change i n  monthly hours 
CON2 has a value of 1 i n  1955-1969 and zero otheruise 

uhere 
A = asymptotic value of hours (always 152=35.4 hrs luk) 
H = average monthly hours 

The estimated equation i s  then 

ln(1.-R) = b + b t ime + b2PCQ. 
0 1 



STRUCTURAL DEVELOPMENT IN THE FINAL DEMAND OF THE 
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The pape r  d e a l s  w i t h  some s t r u c t u r a l  development 
c h a r a c t e r i s t i c s  o f  f i n a l  demand: consumption, g r o s s  c a p i t a l  
fo rmat ion  and e x p o r t s  o f  t h e  Hungarian ecpnomy du r i ng  t h e  t ime 
p e r i o d  o f  t h e  s e v e n t i e s .  A s  a s u i t a b l e  measure t o  r e p r e s e n t  
i n d u s t r y  c o n t r i b u t i o n s  va lue  added i n  each  o f  them were t o  be 
chosen.  I n  o r d e r  t o  s e p a r a t e  q u a n t i t y  and p r i c e  e f f e c t s  from 
each o t h e r  measures were c a l c u l a t e d  bo th  on c u r r e n t  and on 
c o n s t a n t  p r i c e s .  Hereby p r i c e  movements du r i ng  t h e  t i m e  
p e r i o d  were a l s o  g i ven .  Moreover w i t h  a view t o  p a r t i c u l a r  
c h a r a c t e r  o f  p r i c e  b u i l d i n g  mechanism i n  s o c i a l i s t  c o u n t r i e s  
va lue  added i n  each i n d u s t r y  were e s t i m a t e d  on s o - c a l l e d  c o s t s  
p r o p o r t i n a t e  l e v e l  t o o .  Data compr ised i n  i npu t -ou tpu t  t a b l e  
s e r i e s  of  Hungary 1970-1979 on c u r r e n t  and on c o n s t a n t  
p roduce r ' s  p r i c e s  se rved  a s  an  e m p i r i c a l  background for .  
i n v e s t i g a t i o n s .  I n d u s t r y  breakdown i n  them were a s  f o l l ows :  

E x p l o i t a t i o n  o f  sou rces  o f  power 
/ w i t h  e l e c t r i c i t y  p roduc t i on /  
Machinery /w i t h  m e t a l l u r g y /  
Chemicals 
L i g h t  i n d u s t r y  and o t h e r  manufactur ing 
Food p roduc t i on  
Cons t ruc t i on  /w i t h  b u i l d i n g  m a t e r i a l s /  
A g r i c u l t u r e ,  F o r e s t r y  and Water management 
T r a n s p o r t a t i o n ,  Communication and Trade 
Non m a t e r i a l  s e r v i c e s .  

Economic measures 
I n  o r d e r  t o  f i n d  a formula adequate  f o r  i n v e s t i g a t i o n s  

v a l u e  added i n  each i n d u s t r y  has  been d e f i n e d  on f i n a l  demand 
s e c t o r s  : 

Whereh 
 is is a d iagona l  m a t r i x  o f  s p e c i f i c  v a l u e  added i n  

each i n d u s t r y .  C h a r a c t e r i s t i c  e lement  o f  it X / V A /  / 
j  

/Xj ;  x ! ~ ~ ~  v a l u e  added i n  i n d u s t r y  j ,  X .  g r o s s  o u t p u t  
I J 

o f  i n d u s t y  j .  



TABLE 1. S t r u c t u r e  o f  Consumption 1970-1979 Ion c u r r e n t  p r i c e s 1  

i n  p e r  c e n t  

Years 
1970. 1971. 1972. 1973. 1974. 1975. 1976. 1977. 1978. 1979. 

I n d u s t r i e s  

Manufacturing 17,7 16 ,7  17,6 17,4 17,4 18,O 18 ,3  17,9 18,2 18,8 
Construction 3,2 3,2 3,6 3,s  3,3 3,2 3,3 3,4 3,8 3,8 
Foods 21,7 21,2 20,9 22,2 19,2 17,6 18,6 1 8 , l  16 ,3  15,2 

Goods 42,6 41 , l  42 , l  43 , l  39,9 38,8 40,2 39,4 38,3 37,8 

Services 35,3 35,O 35,9 35,4 35,4 34 , l  33t7 34,3 34r3 34r9 

hdust ry 's  contributions 77,9 76 , l  78,O 78,s 75.2 72,9 73,9 73,7 72,6 72,7 
Inprts 23,O 24,9 22,8 23,7 30,3 31,4 26,9 28,3 28,7 28,7 

Conslnrption 100,9 l01,O 100,8 102,2 105,5 104,3 100,8 102.0 101,3 101,4 

Szm? corrections in 
price l e v e l  9 -1,0 8 -2,2 -5,s -4,3 8 -2,O -1,3 -1,4 

TABLE 2 .  Consumption Development 1970-1979.  / I n d e x  1 9 7 0 = 1 0 0 , 0 /  

on  c o n s t a n t  p r i c e s  

Years  
Measures o f  1970. 1971. 1972. 1973. 1974. 1975. 1976. 1977. 1978. 1979. 

Development 

Naianl value 100,O 110,3 116,4 125,s 138,4 153,6 168,3 180,4 197,6 209,8 
Real value 100,O 106,3 109,5 112,s 120,3 125,9 130,3 134,8 140,6 144,6 

ra te  of re tums e f fec ts  100,O 106,7 109,7 113,6 115,s 117,4 118,3 120,3 121,O 124,8 
re la t i v  price e f fec ts  100,O 9 9 , l  98,9 97,7 102,2 104,7 107,O 108,5 111,9 111,l 

Price rrovemnt 100,O 103,7 106,3 111,6 115,O 122,O 129,2 133,8 140,5 145 , l  
Price ~~t 
Irrodifiedl 100,O 111,3 117,7 128,5 135,4 146,7 157,3 166,3 176,6 188,8 



Y is  a ma t r i x  o f  f i n a l  demand s e c t o r s :  i n d u s t r i e s '  o u t p u t s  
t o  consumption, g r o s s  c a p i t a l  fo rmat ion  and e x p o r t s .  

A 
p / V A /  = A / V A /  I 1-~1-1 / 2 /  

A 
Where: A~~~~ i s  a d iagona l  ma t r i x  composed i n  t h e  same way a s  

it h a s  been done i n  formula / I /  however i n  t h i s  
c a s e  t h e  s i z e  o f  ma t r i x  has  been widened by two 
s e c t o r s :  impor ts  and d e p r e c i a t i o n s .  

Having made impor ts  a s  a v e k t o r :  o u t p u t s  have 
been g iven by e m p i r i c a l  d a t a  a s  they  cou ld  be 
found i n  inpu t -ou tpu t  t a b l e s ;  i n p u t  e lements  have 

been determined by x x . x i E i  ; xi ' /  i s  

impor t  sum, x lE1 is  o u t p u t  o f  i n d u s t r y  i t o  e x p o r t s .  i 
Having made d e p r e c i a t i o n s  a s  a v e c t o r :  o u t p u t s  

have been g iven g a t h e r i n g  them a s  e m p i r i c a l  d a t a  
from input -ou tpu t  t a b l e s ;  i n p u t  e l m t s  cou ld  be 

d e f i n e d  by { d x i 2 / X 2  + / l - A /  X i 6 / x s ' j ;  d i s  

X 2 / X 6  and t h e  s i g n s  2 and 6 r e f e r  t o  machinery 

and c o n s t r u c t i o n .  

a  p r i c e  t rans fo rma t ion  r e l a t i o n  which g i v e s  p r i c e  
m u l t i p l i e r s  i n  each i n d u s t r y  t o  g e t  a p r i c e  f o r  them 
p r o p o r t i o n a t e  one t o  p roduc t ion  c o s t s .  

Here 
i s  a d iagona l  m a t r i x  c o n t a i n i n g  va lue  added 

i n  each i n d u s t r y ,  however n o t  on i t s  e m p i r i c a l  
l e v e l ,  b u t  on a c a l c u l a t e d  one determined it 
accord ing  t o  g e n e r a l  r e t u r n s  r a t e  i n  t h e  economy 
a s  a whole. 

S t r u c t u r a l  r e l a t i o n s .  
a /  Consumption 

I n  t h e  s e v e n t i e s  r a t i o s  between goods and s e r v i c e s  
produced a t  home and imported ones  f o r  purposes  o f  consumption 
measured on c o n s t a n t  p r i c e s  demonstrate a very  h igh  l e v e l  o f  
s t a b i l i t y .  Con t r i bu t i ons  o f  home i n d u s t r i e s  expressed i n  va lue  
added g i v e  bo th  a t  t h e  beg in ing  and i n  t h e  l a s t  y e a r  o f  t h e  
s e v e n t i e s  n e a r l y  t h e  same r a t i o s :  t h e r e - q u a r t e r s  t o  one.  Having 
compi led t h e  measures on c u r r e n t  p r i c e s  t h e r e  is  a c o n s i d e r a b l e  
s h i f t  i n  favour  o f  impor ts .  Its s h a r e  r i s e s  from 23 % t o  29 % 
dur ing  t h e  same t ime pe r i od .  Reason f o r  i t  l i e s  i n  change o f  
crude o i l  world p r i c e  l e v e l  movement a s  it cou ld  be seen i n  
t a b l e  1 . 1  where i n  row: impor ts  t a k e s  p l a c e  a g r e a t  jump between 
1973 and 1974. Having t rans formed p r i c e  l e v e l s ,  would have 
taken them p r o p o r t i o n a t e  w i th  p roduc t ion  c o s t s  i n  each 
i n d u s t r y  t h e  s i t u a t i o n  w i l l  be ve ry  s i m i l a r  t o  it a l r e a d y  has  
been g e t  on c o n s t a n t  p r i c e s .  Goods and s e r v i c e s  producing 
i n d u s t r i e s  a r e  d i v i d e d  i n  r e s p e c t  t o  t h e i r  c o n t r i b u t i o n s  n e a r l y  
h a l f  and h a l f  between each o t h e r .  



'T9T Z16PT L'SPT 8'6ET Z'ZET E'SZT 6'6TT P'ETT 
'9ZT 9'OZT Z18TT P'PTT 8'ZTT 6'80T L'WT L'POT 
'6ZT E'SST S'ZET 6'721 Z'ZZT 9'ETT 6'E6 Z196 

'ZOT 8'TOT S'TOT E'TOT T'TOT 6'0T L'OOT P'OOT 
'PZT S'TZT P'TZT L'OZT o'LTT O'PTT 9 5'80~ 

Z1S9T T1Z6T E1E9T 0'6PT S'PPT L'OET S150T 6'POT 
P160Z L'TEZ 01E6T P'OLT S1T9T E'ZPT 9'ZTT 8'60T 

S'TZI 
T'TZT 

O'OOT 
O'OOT 
O'OOT 

O'OOT 
O'OOT 

O'OOT 
O'OOT 

Z'TP 9'6E 
Z'8S 0'09 

6'6 E'OT 
E'8P L'6P 

E'P O'P 
L'EZ Z19Z 
E'OZ S'6T 

6'0 

TI66 

8' 9E 
E 'Z9 

T'TT 
Z'TS 

8'0 
9'52 
8'0Z 

Z'T- 

Z'TOT 

P'8E 
8'19 

6'0T 
6'TS 

0'5 
8'PZ 
T'ZZ 

E'T- 

E'TOT 

8'LE 
S'E9 

T'TT 
P'ZS 

Z' S 
Z' 9z 
O'TZ 

0'0 

O'OOT 

SITE 
5'89 

P'ZT 
TI95 

0'9 
P'6Z 
L'OZ 

L'O E'O 

El66 L'66 

E'TE 9'ZE 
0'89 T'L9 

6'TT 6'0T 
T'9S Z'9S 

8'9 6'9 
E'8Z 8'PZ 
O'TZ S'PZ 



A s  r e g a r d s  dynamics o f  consumpt ion:  a  v e r y  r a p i d  i n c r e a s e  
c o u l d  be s e e n  measured it i n  v a l u e  t e r m s  on c u r r e n t  p r i c e s  and 
a  moderate  o n e  e x p r e s s e d  i t i n  r e a l  t e r m s  on c o n s t a n t  p r i c e s .  
Ra te  o f  growth i n  t h e  f i r s t  c a s e  i s  8 , 5  % and l a t e r  o n e  i s  o n l y  
4 , 2  % .  P r i c e  i n d e x  number d u r i n g  t h e  same decade :  1 4 5 , l  which 
i s  e q u i v a l e n t  a  r a t e  4 , 3  % e v e r y  y e a r .  However t h e  meaning o f  
r a t e  o-f growth i n  r e a l  terms i s  n o t  q u i t e  c l e a r .  Having 
i n v e s t i g a t e d  r a t e  o f  r e t u r n s  w i t h i n  consumpt ions  v a l u a t e d  on 
c o n s t a n t  p r i c e s  i t  i s  r u n n i n g  up i n  a  c o n s i d e r a b l e  h i g h  
d e g r e e  e v e r y  y e a r :  i n  1970 i t  h a s  a  v a l u e  41 % and i n  1979 i t 
comes t o  5 1  %; w i t h  a  r a t e  o f  growth 2 , 5  % i n  e a c h  y e a r .  
There  i s  no r e a s o n  t o  b e l i e v e  t h a t  a n  t h e  i n c r e a s e  c o u l d  b e  
o r i g i n a t e d  s o l e l y  f rom a n  inproverrent o f  p r o d u c t i v i t y  l e v e l  i n  
economy. Much r a t e r  it c o u l d  b e  a s s i g n e d  t o  some m i s t a k e  i n  
making o f  p r i c e  i n d e x  number o r  t o  some changes  i n  p r o d u c t  
mix.  Then s e c o n d l y  r e l a t i v e  p r i c e  l e v e l s  i n  s o c i a l i s t  countries 
compared them p r o d u c t i o n  c o s t s  a r e  t o o  h i g h  i n  m a n u f a c t u r i n g  
a n d  t o o  low i n  food  p r o d u c t i o n ,  a g r i c u l t b r e  and  i n  s e r v i c e s .  
T h i s  f a c t  makes growth r a t e  t o  be  h i g h e r  a  h a l f  p e r  c e n t  e v e r y  
y e a r .  Having summarized a l l  t h e  r e s u l t s  f a c t o r s  o f  m o d i f i c a t i o n  
a n d t h e  m o d i f i e d  dynamics o f  consumpt ion e x p r e s s e d  i n  r e a l  t e r m s  
c o u l d  b e  g i v e n  i n  t a b l e  2. 

b /  Gross  C a p i t a l  Format ion 

I n  t h i s  f i e l d  o f  f i n a l  demand a c o n s i d e r a b l e  s h i f t  c o u l d  
be  d i s c o v e r e d  i n  s h a r e s  between home i n d u s t r y  c o n t r i b u t i o n s  
and i m p o r t s  i n  f a v o u r  o f  t h e  l a t e r  one  measured them e i t h e r  
on  c u r r e n t  o r  on  c o n s t a n t  p r i c e s .  Having v a l u a t e d  i n d u s t r y  
~ o n t r ~ b u t i o n s  on a n  a v e r a g e  c o s t s  and r e t u r n s  l e v e l  o f  economy, 
p i c t u r e  w i l l  b e  v e r y  s i m i l a r  t o  i t .  N e v e r t h e l e s s  o n l y  o n e  
d i f f e r e n c e  c o u l d  be o b s e r v e d  among them, and  t h a t  i s  e x t e n t  o f  
change r e g i s t e r e d  on measures o f  c o n t r i b u t i o n s  i n  c u r r e n t  
p r i c e s  i s  l a r g e r  t h a n  t h a t  d e f i n e d  on  c o n t r i b u t i o n s  i n  c o n s t a n t  
o r  i n  p r o d u c t i o n  c o s t s  p r o p o r t i o n a t e  p r i c e s .  I n  1970 t h e  s h a r e  
o f  i m p o r t s  on  c o n s t a n t  p r i c e  a c c o u n t i n g  s y s t e m  i s  3 3 , 8  % and  
on p r o d u c t i o n  c o s t s  p r o p o r t i o n a t e  o n e  t h e  same. Whereas i n  
1979 t h e y  r u n  t o  39 ,5  % and  3 8 , 5  %. The s h a r e  o f  i n d u s t r y  
c o n t r i b u t i o n s  i n  s p h e r e  o f  s e r v i c e s  h a s  been s t a b i l i z e d  
a r o u n d  10 % a l l  o v e r  t h e  whole d e c a d e .  

Dynamics o f  g r o s s  c a p i t a l  f o r m a t i o n  i n  t h e  s e v e n t i e s  were 
f a s t e r  t h a n  t h o s e  o f  consumpt ion.  R a t e  o f  growlhh was n e a r l y  t h e  
same v a l u a t e d  b o t h  consumpt ion and g r o s s  c a p i t a l  f o r m a t i o n  
measures  on  c u r r e n t  p r i c e s :  8 , 6  % .  However p r i c e  i n d e x  l e v e l  
o f  g r o s s  c a p i t a l  f o r m a t i o n  was w i t h  40 % l ower  t h a n  t h a t  i n  
consumpt ion .  T h e r e f o r e  g r o s s  c a p i t a l  f o r m a t i o n  g a i n e d  a  r a t e  
o f  growth 5 , 7  % e v e r y  y e a r  i n  a v e r a g e  o v e r  t h a t  o f  consumpt ion 
4 , 2  % .  Having d i s c o u n t e d  t h e  above ment ioned  r a t e  o f  growth by 
r e t u r n s  r a t e  i n d e x  number and r e l a t i v  p r i c e  m o d i f i c a t i o n  f a c t o r  
a  m o d i f i e d  q u a n t i t y  i n d e x  c o u l d  be  p r e s e n t e d :  2 , 7  % i n  e a c h  
y e a r  o f  t h e  d e c a d e ,  which i s  2.5 t i m e s  h i g h e r  t h a n  t h a t  o f  
consumpt ion.  



TABLE 5. S t ruc tu re  o f  mrts 1970-1979. /on cur ren t  p r i ces /  

i n  per cen t  

Year 
1970. 1971. 1972. 1973. 1974. 1975. 1976. 1977. 1978. 1979. 

I ndus t r i es  

Manufacturing 
Construct ion 
Ebods 

GDods 
Services 

Industry' s cont*ibutions 
Inpor ts  

mas: 
SQW m r r e c t i o n s  in  
p r i ce  l e v e l  

TABL~ 6. Develqmmt o f  mrts 11970-19791 /Index 1970 = 1031 

on a m s t a n t  p r i ces  

Years 
1970. 1971. 1972. 1973. 1974. 1975. 1976. 1977. 1978. 1979. 

Measures o f  
d e v e l c p m t  

mminal  value 100,o 108,4 133.1 163,5 186,4 197,7 201,l 237,7 240,s 278,s 
Real value 100,O 107,2 127,E 146,s 151,6 158,O 168,5 192,7 196, l  217,8 

rate of  r e tu rns  e f f e c t s  100,O 106,5 110,2 113,9 115,9 118,2 121.5 122,9 124,o 129, l  
relative p r i c e  e f f e c t s  1 0 , O  100,6 101,2 101,s 102,4 103, l  103,7 104,3 104,9 105,6 

Real value Imxl i f ied l  100,o 1m,1 114,6 126,3 127.7 129,7 133,7 150,3 1 ~ , 8  159,8 

P r i ce  msvernent 1m,O 101,l 104, l  111,6 123,O 125, l  119,3 123,4 122.6 127,9 
P r i ce  mvenent  Irrodif iedl l m , O  108,3 116, l  129,s 146,O 152,4 150,4 158,2 159,s 1 x 3  



c /  Exports 

Industry contributions of national economy and imports 
play the same in satisfying export demand as they done 
it in consumption. Shares of home industry contributions were 
moving around 70 % valuated them both in a constant price 
system and in a production costs proportionate one. According 
to it imports rate has a 30 % level and they proved to be 
very stable over the whole investigated time period. The role 
of services in exports as it could be anticipated much more 
smaller than that was in consumption, it has nearly the same 
one as in gross capital formation: 15-17 % determined it on 
constant prices. From exports of a value 100 forint contains 
home industry contributions of 70 forints and imports consumed 
in a value of 30 forints. An increase of import shares from 
25,2 % in 1970 up to 30,6 % in 1979 was only a consequence of 
crude oil price level movement between 1973 and 1974 and it 
did not mean that the roleof imports was growing in Hungarian 
economy really. 

In spite of exports had the most rapid increase level 
among final demand sectors of hungarian economy in the seventies; 
international financial balance of it was going from bad to 
worse. This process stopped only for the early eighties and 
it has been resulted to some economic arrangements of restrictiring 
charackter. Increment rates on a yearly average reached at a 
level of 12,l % ,  measured it on current prices. And that 
valuated on constant prices had a considerable high level: 9 % 
Having taken into account returns rate level and production 
costs proporcionate effects growth rates expressed in real 
terms are sinking down; it has a value of only 5,3 % in each 
year. 
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INVESTMENT FUNCTIONS IN AN INPUT-OUTPUT MODEL 
OF THE USSR ECONOMY 
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CEMI, Moscow, USSR 

The econometric modeling of investment behavior is a difficult task, 
both on the macro and on the industry level. Sometimes this problem can be 
"avoided" at the macro level by assuming investment to be an exogenous vari- 
able. To oversimplify the structure of a macromodel somewhat, one can esti- 
mate the system of simultaneous equations using time series data: 

C t = c r + B Y  + E  
t t  

Y = C  + I  
t t t  

where 

C = consumption, 
t 

Y = income, 
t 

It = investment , 
E~ = an error term. 

If income is considered as an exogenous variable then the equality writ- 
ten above is not a proper model in terms of goodness of fit with respect to 
investment time series. It is easy to show that even though the goodness of 
fit for the first equation, expressed in terms of R' t-values, exceeds any 
given level of significance, it is still possible to obtain a very poor fit 
for investment. 

Fortunately investments can be modeled in a different way, for example 
in terms of a distributed lag structure for income or industrial output 
(value added). Again, oversimplifying the model, one can write an equation: 

where Q denotes output in period t-i and some restrictions are imposed on t-i 
the parameters of the lag structure, i.e. the Bi are estimated under certain 
constraints, both on the length of the distributed lag structure (n) and on 
the scale of Bi. 

An approach widely applied in the INFORUM family of input-output models 
specifies investment roughly in this way. One additional assumption is made 
on replacement policy, namely: 



where 

W = replacement in period t, 
t 

r = replacement rate (constant), 

k = capital/output ratio (constant), - 
Qt = smoothed output in period t. 

where 

AF = fixed productive assets expansion, 

wi = parameters of distributed lag structure under the condition 
Cw. = 1, w. > 0, 

1 - 

then the following equation might be estimated 

under the assumption that n = 2, for any given value of r. 
However we have found this formulation to be of only limited use for the 

USSR data on investments. The USSR statistics provide a variety of data on 
fixed productive assets, investment, unfinished construction, and the "techno- 
logical" structure of investments. Therefore there is no need to artificially 
simplify real processes that are taking place in investment policy. To make 
clear the sources of various data we introduce the following notation, which 
will be used extensively below: 

where 

Ft = fixed productive assets at the end of year t, 

V = investments realized during this year, i.e. being used in a 
t 

production process, 

Nt = unfinished construction (including some equipment to be com- 
pleted in future periods V t+T). 

It is easy to understand these balances in terms of an econometric model 
of the relationship between V and It: t 



The r e l a t i o n s h i p  between future (expected)  o u t p u t s  and t h e  i n c r e a s e  i n  f i x e d  
p r o d u c t i v e  a s s e t s  can a l s o  b e  exp ressed  by e i t h e r  

where AQ might b e  cons ide red  a s  a n  "expected" i n c r e a s e  and b e  denoted AQ 
t t '  

D i r e c t  o b s e r v a t i o n s  on Wt show t h a t  it w i l l  b e  s i m p l e r  t o  assume t h a t  

because b o t h  Wt/Ft and W / I  a r e  r a t h e r  u n s t a b l e  ove r  t i m e .  
t t  

L e t  u s  now t u r n  t o  some o f  t h e  e s t i m a t i o n  d i f f i c u l t i e s  a r i s i n g  from t h e  
d a t a  themselves .  W e  beg in  by examining changes i n  t h e  ave rage  annua l  growth 
r a t e s  i n  t h e  USSR, a s  shown i n  Tab le  1. 

TABLE 1 Average annua l  growth r a t e s  (%) i n  t h e  USSR, 1961-198&. 

Index 
~ - -  - - -  - - -  

Net m a t e r i a l  p roduc t  6 .4  7.7 5.7 
Investment  7.7 7.4 7.2 
Fixed p r o d u c t i v e  c a p i t a l  
a s s e t s  9 . 3  8.2 8.7 

a These v a l u e s  a r e  es t ima ted  a s  "geomet r i ca l  means" of growth r a t e s  f o r  
eve ry  f i ve -yea r  p e r i o d  from r e f .  [ 3 ] ,  pp.37,41.  

It shou ld  b e  no ted  t h a t  t h e  index changes a r e  h i g h l y  synchron ized.  T h i s  
l e a d s  t o  co r respond ing l y  s t e a d y  changes i n  t h e  i n d u s t r i a l  s t r u c t u r e  o f  i n v e s t -  
ment. Over t h e  l a s t  two decades ,  t h e  s h a r e  i n  inves tment  of agg rega ted  bran- 
ches  o f  t h e  economy have n o t  changed v e r y  much; f o r  example, t h e  s h a r e  of 
a g r i c u l t u r e  h a s  remained p r a c t i c a l l y  c o n s t a n t  ove r  t h e  l a s t  10 y e a r s  ( see  
Tab le  2 ) .  

Wi th in  t h e  mining and manufac tur ing  i n d u s t r i e s ,  t h e  h i g h e s t  r a t e s  of i n -  
ves tment  growth have been i n  machinery and o i l  and g a s  p roduc t i on ,  w h i l e  c o a l  
and f e r r o u s  m e t a l s  show a more modest i n c r e a s e  i n  i nves tmen t .  Genera l l y  
t h e r e  is  a cor respondence w i t h  lagged r a t e s  o f  p roduc t i on  growth b u t  t h i s  



TABLE 2 Structure of Soviet industrial investment: industry shares (%), 
1961-198@. 

Industry 1961-65 1966-70 1971-75 1976-80 

Mining and 
manufacturing 36.5 35.2 35.0 35.2 

Agriculture 15.5 17.2 20.1 20.3 
Transportation and 

communications 10.1 9.6 10.8 12.0 
Construction 4.0 3.8 3.4 2.7 
Others , including 
residential 33.9 34.2 30.7 29.8 

a Calculated as the share of each industry in total investment in the Soviet 
economy. Values for both individual industries and the economy as a whole 
are given in absolute units in ref. 131, pp.336,337. 

cannot be considered as a justification for a "demand"-based model of invest- 
ment behavior. 

Our first major observation is that we see a very steady growth in most 
of the indicators described above. There are no obvious business cycles or 
short-run effects that allow us to identify a distributed lag structure for 
any of the models (see Table 2 and Figure 2). Because the growth of invest- 
ment and its distribution between industries is regarded as an important tool 
in achieving the long-term goals of the USSR economy, there is no signifi- 
cantly direct relationship between the "profitability" of industries in the 
past and growth of investment in the near future. Therefore, the model used 
in the INFORUM family seems to be inappropriate for USSR investment patterns. 
Moreover, in many cases the annual growth of investment (disregarding fixed 
productive assets) is much more stable than the growth of output (see Tables 
3 and 4). 

Many excellent theoretical ideas on the distributed lag structures 
either between Vt and It or between AFt and AQt fail to be proved when econo- 
metric procedures are applied, as illustrated by specific examples for a 
number of industries. 

Thus, the growth rate of investment in the coal industry dropped from 
4.1% in 1966-1970 to 2.9% in 1971-1975 and 1976-1980 while the growth rate 
of production increased from 1.6% in 1966-1970 to 2.4% in 1971-1975 before 
dropping back to 0.4% in 1976-1980. Though the growth rate of oil and gas 
production decreased from 8.2% in 1966-1970 to 5.6% in 1976-1980, the growth 
rate of investment in this industry was increasing throughout the period. 
The same situation can be seen for ferrous metals, chemicals, and food and 
beverages (see Tables 3 and 4). This phenomenon is brought about by the 
interindustrial investment distribution mechanism of the Soviet, economy, in 
which individual industry investment shares are defined by the importance 
of the industry concerned for the whole national economy and not by the 
profitability of the industry as is usually the case in market economies. 
It can be seen from Table 5 that a number of industries consistently get 
high priority in the investment distribution mechanism more or less regard- 
less of their production growth rates: these include oil and gas, machinery, 
agriculture, and transportation and communications. 

Great inertia in investment growth trends can also be captured by using 
an autoregressive model, but once again this is of only limited use. A more 
flexible approach must be developed to catch the most important changes in 
investment policy over the last twenty years. This means, however, that a 



TABLE 3 Average annual  r a t e s  of investment growth (%) i n  t h e  USSR, 
1966-198e.  

Indus t ry  1966-70 1971-75 1976-80 

Produc t i ve  sphere  
Mining and manufactur ing 

Coal 
O i l  and gas 
E l e c t r i c i t y  
Fer rous meta ls  
Machinery 
Chemicals 
Wood and paper  
Bu i ld ing m a t e r i a l s  
T e x t i l e s ,  a p p a r e l  
Food and beverages 

Cons t ruc t i on  
A g r i c u l t u r e  
T ranspor ta t i on  and communications 

a A l l  v a l u e s  a r e  taken from r e f .  [ 4 ] ,  p.71. 

TABLE 4 Average annual  r a t e s  of p roduc t ion  growth (2) i n  t h e  USSR, 
1966-198@ . 

I ndus t ry  1966-70 1971-75 1976-80 

Product ive  sphere  
Mining and manufactur ing 

Coal 
O i l  and gas 
E l e c t r i c i t y  
Fer rous meta ls  
Machinery 
Chemicals 
Wood and paper  
Bu i ld ing m a t e r i a l s  
T e x t i l e s ,  appare l  
Food and beverages 

Const ruc t ion 
A g r i c u l t u r e  
T ranspor ta t i on  and communications 

a These v a l u e s  (exc lud ing those  f o r  c o a l ,  o i l  and gas ,  and a g r i c u l t u r e )  a r e  
taken d i r e c t l y  from r e f .  [ 7 ] ,  pp.63-66. The remaining va lues  a r e  c a l c u l a t e d  
a s  fo l lows:  f o r  c o a l  on t h e  b a s i s  of a b s o l u t e  v a l u e s  taken from r e f .  [ 3 ] ,  
p. 157, f o r  o i l  and gas on t h e  b a s i s  of a b s o l u t e  v a l u e s  i n  terms of conven- 
t i o n a l  u n i t s  taken from r e f .  [ 3 ] ,  p.156, and f o r  a g r i c u l t u r e  on t h e  b a s i s  of 
annual  growth r a t e s  taken from r e f .  [ 3 ] ,  pp.37,41. 
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FIGURE 1 Growth of Soviet manufacturing industry, 1961-1980. Sources of data 
are as follows: A, for all years from ref. [3], pp.126,127. B, for 1972 cal- 
culated on the basis of the USSR capital assets input-output table in ref. 
[6], pp.62-81; for all other years calculated using the capital assets growth 
rates in ref. [3] , pp.37.41. C, for 1961-1965 from ref. 151, p.550; for 
1966-1980 from ref. [3], pp.336,337. D, for 1960-1965 from refs. [61, p.188, 
and [7], p. 126; for 1966-1980 from ref. [31, p.134. 



TABLE 5 Elasticities of the investment growth of various Soviet industries 
with respect to total investment in the productive sphere, 1960-19805. 

Industry 1966-70 1971-75 1976-80 

Mining and Manufacturing 
Coal 
Oil and gas 
Electricity 
Ferrous metals 
Machinery 
Chemicals 
Wood and paper 
Building materials 
Textiles, apparel 
Food and beverages 

Construction 
Agriculture 
Transportation and communications 

a All values are from ref. [4], p.71 

coherent set of equations needs to be estimated for the same time interval 
under the specific assumptions made regarding the residual terms, so as to 
avoid bias in the sum of investments produced by the system of equations. 

A few words should be said about the goodness of fit for these variables 
when strong trends exist both in investments and in the annual changes of out- 
puts of particular industries. On the basis of purely statistical criteria 
one can hardly distinguish between, for example, the model 

and 

A p r i o r i  knowledge based on cross-section data gives us some restrictions on 
the parameters of different models but unfortunately these parameters may vary 
over time . 

We give below a few examples of the models for V and I, estimated under 
different assumptions, but the most difficult questions still concern models 
of the relationship between I and AQ. In the estimation results given below 
for "Machinery", V ,  I, N ,  and L are measured in value terms, while Q, AQ, F, 
and AF are expressed as index numbers related to the base year. In each case, 
R2 is the coefficient of determination and DW is the Durbin-Watson statistic. 

"Machinery" [8, p. 87,891 (estimated by OLS) : 



"Machinery" [9 ,  p. 1341 (es t ima ted  by two-stage l e a s t  s q u a r e s )  : 

It = -25.4 + 0.555 V t  + 0.4963 Vt+l 

Vt  = 0.5104 It + 0.5421 Nt  

The pa ramete rs  o f  t h e  l a s t  e q u a t i o n  have some impor tan t  p r o p e r t i e s  because 
t h e  volume of u n f i n i s h e d  c o n s t r u c t i o n  e x p l i c i t l y  i n f l u e n c e s  inves tment  dec i -  
s i o n s .  

The e x p o n e n t i a l  d i s t r i b u t e d - l a g  s t r u c t u r e :  

g i v e s  t h e  fo l l ow ing  r e s u l t s  f o r  "machinery" [8 ,  p.1121: 

A l l  t h e s e  r e s u l t s  show t h a t  t h e  same p r o p o r t i o n  o f  t h e  s h a r e  of i nves tmen ts  
made i n  t h e  c u r r e n t  yea r  (between 50% and 60%) w i l l  appea r  i n  t h e  same y e a r  
a s  a n  expans ion of f i x e d  p r o d u c t i v e  a s s e t s .  The re fo re ,  a t  l e a s t  40% of t h i s  
expans ion c l e a r l y  o r i g i n a t e s  from p rev ious  i nves tmen ts ,  and due t o  v a r i a n c e  
i n  Wt and ANt ( t h e y  a r e  n o t  l i n e a r  f u n c t i o n s  of I t ) ,  t h e  r e l a t i o n s h i p  be- 
tween I t -1  and AQt is  st i l l  r a t h e r  weak*. 

f o r  example 

* 
The t ime s e r i e s  f o r  investment ( I t )  is t aken  d i r e c t l y  f o r  1961-1965 from 

r e f .  [ 5 ] ,  p.550 and f o r  1966-1980 from r e f .  [ 3 ] ,  p.338. The t ime  s e r i e s  f o r  
capita2 assets (Ft)  is  c a l c u l a t e d  on t h e  b a s i s  o f  t h e  USSR c a p i t a l  a s s e t s  
i npu t -ou tpu t  t a b l e  g i ven  i n  r e f .  [ 6 ] ,  pp.62-81. The a b s o l u t e  v a l u e  f o r  1972 
i s  c a l c u l a t e d  on t h e  b a s i s  of t h i s  t a b l e  and t h e  a b s o l u t e  v a l u e s  f o r  t h e  o t h e r  
y e a r s  a r e  c a l c u l a t e d  u s i n g  t h e  c a p i t a l  a s s e t s  growth r a t e s  g i ven  i n  r e f s .  [ 3 ] ,  
p.141, and [ 5 ] ,  p.235. The t ime s e r i e s  f o r  production (Qt) c o n s i s t s  of per -  
c e n t a g e s  of t h e  base-year (1970) v a l u e .  Values f o r  a l l  y e a r s ,  i n c l u d i n g  1970, 
a r e  taken  from r e f .  [ 3 ] ,  pp. 126,  127. 



but 

Machinery, 1962-1980: 

More sophisticated models that include relative prices and labor inputs, 
wages, etc., cannot work efficiently on this problem due to the long-term 
stability in prices and the very gradual growth of wages. Moreover, there 
are many indications of another lag phenomenon that might be called the 
"efficient use of new fixed productive assets" which is reflected by the very 
weak relationship between the annual growth of investment and increase of 
production. 

These factors act as data "supply" limitations on econometric modeling. 
Another "demand"-side limitation is the following: requirements concerning 
the goodness of fit and the prediction results are much higher than those 
relating to any other variables of the input-output model. The forecast that 
provides the volume of total investment as the sum of investments "expected" 
(or required) by individual industries will be of limited use because rather 
rigid limits are imposed (again through the above-mentioned lags related to 
the growth of the construction, building materials, and equipment-producing 
industries). This illustrates again one of the main differences between the 
USSR input-output model and other INFORUM models. 

where Jk denotes investment in the kth industry, but this can be justified 
in the case of a few specific branches, such as agriculture and allied indus- 
tries (see Table 2). 
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FIGURE 2 Investment indicators for the ferrous metals industry, 1961-1985. 
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FIGURE 3 A sequence of models developed to simulate investments. 
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One can see from Tables 3-5 that investments are characterized by a 
strongly inertial pattern in many sectors of the Soviet economy, so that it 
is impossible to distinguish the impact of lagged investments on the growth 
of industrial production. It seems at first appropriate to use a "capital/ 
output'' ratio that itself exhibits inertia, but unfortunately the resulting 
estimates of required investments vary within intervals that are wider than 
expected. For example, in the case of ferrous metals (see Figure 2) predict- 
ed for the year 1985, the value of output/fixed productive assets will vary 
from 0.20 to 0.18 according to the specific function of time selected. Under 
the primitive assumption that annual increases in production will be the same 
in 1981-85 as in 1976-80, we find a difference in fixed productive assets of 
the order of 10% that, with thegivenrate of replacement and growth of the 
share of unfinished construction, will lead to a variance of 50% in required 
investments. This sequential calculation may be shown more simply as follows: 

+ (var(~ and V ) = 40%) + (var (~~ and ANt) = 50%) 
t t 

Perhaps we are exaggerating the problems of investment modeling, but at 
least it is clear that, despite the availability of data and proper econo- 
metric results for some of the stages depicted in Figure 3, the main task of 
constructing a semi-dynamic input-output model is far from completion. As 
the model of interindustry interactions can both predict and test the con- 
sistency of a set of outputs for a number of industries, but leaves open the 
investment consistency question, we still need a coherent system of equations 
describing investment patterns. Bearing in mind the demand for "accuracy" in 
investment forecasts, a model constructed in the spirit of both a "consumer 
expenditure system" and a "distributed lag structure" is definitely required. 
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DEMAND SYSTEMS BASED ON INTERTEMPORAL CONSUMER 
DECISIONS - THEIR USEFULNESS FOR INPUT-OUTPUT MODELING 

Bernhard Bohm 
Institute for Advanced Studies, Vienna, Austria 

1. INTRODUCTION 

Systems o f  consumer demand equa t ions  e v i d e n t l y  c o n t a i n  a  l o t  o f  s t r u c -  
t u r a l  i n f o r m a t i o n .  Severa l  ways a r e  p o s s i b l e  t o  s p e c i f y  a  demand system. It 
may be proposed d i r e c t l y  o r  d e r i v e d  f rom some u n d e r l y i n g  assumptions o f  u t i -  
l i t y  max imiza t ion .  The l a t t e r  may g i v e  r i s e  t o  a  number o f  q u a l i t a t i v e  p roper -  
t i e s  which t a k e  t h e  f o r m  o f  r e s t r i c t i o n s  on p r i c e  and income parameters. Tak ing 
them i n t o  account c o u l d  s i m p l i f y  t h e  s p e c i f i c a t i o n  and i n c r e a s e  e f f i c i e n c y  
o f  t h e  es t imates  p rov ided  t h e r e  i s  s u f f i c i e n t  reason f o r  t h e i r  v a l i d i t y .  

Most models used t o  e x p l a i n  f i n a l  consumer demand i n  t h e  c o n t e x t  o f  an 
i n p u t - o u t p u t  system a r e  kep t  s imple.  The p resen t  paper a t tempts  t o  shed some 
1  i g h t  on t h e  u n d e r l y i n g  framework o f  demand models which i n c o r p o r a t e  d e t a i l e d  
s t r u c t u r a l  i n f o r m a t i o n  and which c o u l d  l e a d  t o  t h e  f o r m u l a t i o n  o f  s i m p l e r  mo- 
d e l s  once c e r t a i n  b a s i c  assumptions can be taken  f o r  granted.  The approach 
d i f f e r s  f rom t h e  usual s t a t i c u t i l i t y  max im iza t ion  b u t  r a t h e r  concen t ra tes  on 
t h e  i m p l i c a t i o n s  d e r i v e d  f rom t h e  max im iza t ion  o f  an i n t e r t e m p o r a l  u t i l i t y  
f u n c t i o n  o f  genera l  f u n c t i o n a l  form. 

The l i n k  between t h e  p resen t  and t h e  f u t u r e  i n  t h e  model i s  performed 
by t h e  i n t r o d u c t i o n  o f  money and asse ts  which p r o v i d e  purchas ing  power f o r  
t h e  f u t u r e .  As a  r e s u l t  t h e  demand system d e r i v e d  f r o m  t h i s  i n t e r t e m p o r a l  
u t i l i t y  max im iza t ion  a l s o  i n c l u d e s  demand f u n c t i o n  f o r  money and assets .  It 
thus  c o n s t i t u t e s  an o p p o r t u n i t y  f o r  l i n k i n g  w i t h  t h e  f i n a n c i a l  subsystem o f  
t h e  economy, t a k i n g  account  o f  t h e  in terdependence between r e a l  and monetary 
s i d e  i n  consumer cho ice  behav io r .  

The p r o p e r t i e s  o f  such a  demand system a r e  b r i e f l y  rev iewed and r e l a t e d  
t o  c o n d i t i o n s  on t h e  u n d e r l y i n g  theory .  These concern i n  p a r t i c u l a r  f u n c t i o n a l  
p r o p e r t i e s  o f  t h e  u t i l i t y  f u n c t i o n  and p r i c e  expec ta t ions .  

To demonstrate a p p l i c a b i l i t y  o f  t h e  i n d i r e c t  approach as w e l l  as t o  assess 
t h e  re levance  o f  c e r t a i n  r e s t r i c t i o n s  a  p r a c t i c a l  example i s  g iven .  The demand 
system i s  a p p l i e d  t o  A u s t r i a n  d a t a  f o r  t h e  p e r i o d  1954 t o  1977 f o l l o w i n g  t h e  
v e r y  genera l  approach o f  t h e  "Rotterdam-School " . T e s t i n g  t h e  c o n s t r a i n t s  w i t h -  
i n  t h i s  framework c o u l d  g i v e  r i s e  t o  even more r e s t r i c t i v e  model s p e c i f i c a t i o n s  
(e.g. s p e c i f i c  f u n c t i o n a l  forms l i k e  LES e t c . )  and thus  economizing on para-  
meters.  It c o u l d  then  gu ide  t h e  s e l e c t i o n  o f  models t o  e x p l a i n  f i n a l  consumer 
demand w i t h i n  t h e  i n p u t - o u t p u t  framework. 

2 .  THE INTERTEMPORAL APPROACH 

The i d e a  o f  t h e  model f o l l o w s  an approach by Grandmont (1974) where i n t e r -  
temporal u t i  1  i ty on1 y depends on commodity demand. Given t h e  i n t e r t e m p o r a l  
u t i l i t y  f u n c t i o n  U ( X ~ , X ~ + ~ ) ,  r e f e r r i n g  t o  p e r i o d  t as t h e  p r e s e n t  and t o  

p e r i o d  t+l as t h e  f u t u r e ,  and x  t h e  n - v e c t o r  o f  q u a n t i t i e s  o f  corrmodit ies, 



we w r i t e  t h e  c o n s t r a i n t  t h e  consumer faces  i n  t h e  f u t u r e  as 

We assume f o r  s i m p l i c i t y  t h a t  t e r m i n a l  s tocks  o f  money and asse ts  a r e  zero.  
N o t a t i o n  i s  as f o l l o w s :  

p  commodity p r i c e  v e c t o r  ( n x l )  
M nominal s tock  o f  money 
A  marke t  v a l u e  o f  asse ts  

+ 
A+ nominal v a l u e  o f  assets. A  = ( l + r ) A  
r i n t e r e s t  r a t e  

pa p r i c e  o f  asse ts  ( i  .e. p a = l / ( l + r ) )  

Yw l a b o u r  income 

L  t o t a l  resources 

The c o n s t r a i n t  f o r  t h e  p resen t  p e r i o d  i s  

where we assume t h e  i n i t i a l  s tocks  o f  nominal money and asse ts  t o  be g i v e n .  
F o r  s i m p l i c i t y  we s h a l l  a l s o  t r e a t  l a b o u r  income as g i v e n  and t h e  same i n  
each p e r i o d .  

Using a  dynamic p r o g r a m i n g  procedure t h e  consumer i s  assumed f i r s t  t o  
s o l v e  t h e  max im iza t ion  problem f o r  t h e  p e r i o d  t+l, t h e  f u t u r e ,  f o r  g i v e n  p r i c e s  
and income, c o n d i t i o n a l l y  on h i s  p r e s e n t  consumption v e c t o r ,  money and assets .  
H i s  demand system f o r  t h e  f u t u r e  p e r i o d  i s  t h e n  s u b s t i t u t e d  i n t o  t h e  u t i l i t y  
f u n c t i o n .  T h i s  g i v e s  then  t h e  s e m i - i n d i r e c t  u t i l i t y  f u n c t i o n  U + ( X ~ , M ~ , A ~ , ~ ~ + ~ ) .  

Assuming a  p r i c e  e x p e c t a t i o n  f u n c t i o n  o f  t h e  genera l  form pt+l = $(p t )  one 

a r r i v e s  a t  t h e  u t i l i t y  f u n c t i o n  U ( X ~ , M ~ , A ; , ~ ~ )  whose p r o p e r t i e s  depend on t h e  

f u t u r e  demand system, t h e  p r i c e  e x p e c t a t i o n  f u n c t i o n ,  and t h e  d i r e c t  u t i l i t y  
f u n c t i o n  U. T h i s  u t i l i t y  f u n c t i o n  i s  now maximized w.r . t .  xt,Mt and A t  s u b j e c t  

t o  t h e  c o n s t r a i n t  f o r  t h e  p resen t  per iod ,  g i v e n  p r i c e s  and i n i t i a l  resources.  
Thus money and asse ts  a r e  a t t r i b u t e d  i n d i r e c t  u t i l i t y  and one has t h e  problem 
t o  face p r i c e s  e x p l i c i t l y  i n  t h e  u t i l i t y  f u n c t i o n .  

We a r e  i n t e r e s t e d  i n  t h e  p r o p e r t i e s  o f  t h e  demand system r e s u l t i n g  f rom 
t h e  max im iza t ion  o f  u(x,M,A+,~) w . r . t .  x,M and A+ s u b j e c t  t o  p ' x  + M  + p,A+ = L.  

(Time s u b s c r i p t s  a r e  d e l e t e d  f o r  convenience). Problems o f  t h i s  t y p e  have been 
examined by Kalman and I n t r i l i g a t o r  (1973). To f a c i l i t a t e  n o t a t i o n  t h e  f o l l o w i n g  
column v e c t o r s  o f  dimension (n+2x1) a r e  de f ined :  q  = (x',M,A+)' , n = (p',l,pa)'. 
Then t h e  problem may be r e s t a t e d  as 

( 3 )  max u(q,p) w . r . t .  q  s u b j e c t  t o  n ' q  = L  

w i t h  g i v e n  p r i c e s  and t o t a l  resources.  
Assuming u(q,p) t o  be concave i n  q, t h e  s u f f i c i e n t  c o n d i t i o n s  f o r  maxim- 

i z a t i o n  f u l f i l l e d ,  one so lves  t h e  necessary c o n d i t i o n s  f o r  t h e  demand system: 

( 4 )  q = q(p'9pa,L) 

= x(p:pa,L) 

where i s  t h e  Lagrange m u l t i p l i e r .  



An i n v e s t i g a t i o n  o f  t h e  comparat ive s t a t i c  p r o p e r t i e s  o f  t h i s  demand system 
leads t o  t he  f o l l o w i n g  observat ions:  

1. I n  analogy t o  t r a d i t i o n a l  demand systems ( i . e .  f rom s t a t i c  u t i l i t y  maxi- 
m i za t i on  w i t h o u t  money and asse ts )  t h e  Engel aggrega t ion  cond i t i ons  (Sumnation) 
holds:  

( 5 )  n lqL  = 1 where qL = (aq/aL) 

2. The homogeneity p rope r t y  o f  t h e  demand system depends on t h e  homogenei- 
t y  p r o p e r t i e s  o f  t he  u t i l i t y  f unc t i on .  T h i s  problem i s  discussed i n  d e t a i l  i n  
Dusansky and Kalman (1974) and (1978) where necessary and s u f f i c i e n t  c o n d i t i o n s  
a re  g i ven  f o r  homogeneity t o  p r e v a i l .  A lso Grandmont (1974) d iscusses t h i s  aspect  
He showed t h a t  a  l i n e a r  homogeneous p r i c e  expec ta t i on  f u n c t i o n  w i l l  p rov ide  a  
u t i l i t y  f u n c t i o n  homogeneous o f  degree zero  i n  nominal money ho ld i ngs  and 
c u r r e n t  p r i c e s .  Th i s  con ta ins  t h e  assumption o f - s t a t i c  expec ta t ions .  Thus i f  
we assume t h e  u t i l i t y  f u n c t i o n  t o  be homogeneous o f  some degree i n  M, A+, and 
p  then we s h a l l  o b t a i n  commodity demand f u n c t i o n s  being homogeneous o f  degree 
zero i n  commodity p r i c e s  and resources, b u t  n o t  i n  t h e  asse t  p r i c e .  The demand 
f u n c t i o n s  f o r  nominal money and asset  demand w i l l  then  be homogeneous o f  degree 
one i n  p  and L .  

3. For t h e  symmetry p rope r t y  i t  i s  impor tan t  t o  remember t h a t  p r i c e s  a re  
t r e a t e d  as g iven  parameters i n  t h e  maximizat ion problem w h i l e  i n  t he  comparat ive 
s t a t i c  a n a l y s i s  they  a re  per tu rbed  t o  f i n d  o u t  t h e i r  e f f e c t  on t he  op t ima l  l e v e l s  
of commodities, money and asse ts .  Thus t h e  presence of p r i c e s  i n  t h e  maximiz ing 
f u n c t i o n  becomes impor tan t  f o r  t h e  d e r i v a t i o n  o f  income ( resource)  compensated 
commodity p r i c e  changes. They may be w r i t t e n  as t h e  system o f  genera l i zed  
S lu t sky  equat ions:  

( 6 )  (aq/ap)+ qLxl =(aq/ap) ( + ( l / h )qL (au /ap ) '  Kp 

u  cons t .  

The compensated asse t  p r i c e  e f f e c t s  a re  o f  t he  t r a d i t i o n a l  k i n d .  

The complete s u b s t i t u t i o n  m a t r i x  may be w r i t t e n  i n  p a r t i t i o n e d  form 

(8)  K = [K : o f  dimension (n+2)x (n+ l ) .  

M a t r i x  K  does obv ious ly  n o t  possess t h e  symmetry p rope r t y .  

However, i t  has been shown by Dusansky and Kalman (1972) t h a t  t h e  (nxn)  
submatr ix  o f  genera l i zed  commodity p r i c e  e f f e c t s  i . e .  

i s  symmetric and negat i ve  s e m i d e f i n i t e  i f  the  u t i l i t y  f u n c t i o n  i s  r e s t r i c t e d  
t o  belong t o  t h e  general c l ass  o f  f unc t i ons :  

where a i s  any constant ,  g  and h  a re  r e a l  va lued f unc t i ons  s u f f i c i e n t l y  d i f f e r e n -  
t i a b l e .  Th i s  requi rement  i s  a  b i t  weaker than  t o  demand s e p a r a b i l i t y  o f  a l l  
q u a n t i t i e s  w i t h  respec t  t o  commodity p r i ces .  However i t  r equ i r es  a d d i t i v e  se- 
p a r a b i l  i t y  o f  t h e  f i n a n c i a l  q u a n t i t i e s  M  and A+ w i t h  r espec t  t o  a l l  commodity 
p r i c e s .  



To sum up: I n  i t s  f u l l  g e n e r a l i t y  t h e  p resen t  demand system der ived  f rom 
an i n t e r t empo ra l  cons i de ra t i on  o n l y  f u l f i l  1s t h e  summation c o n d i t i o n .  However, 
i f  one i s  prepared t o  make s p e c i f i c  assumptions e.g. on t h e  na tu re  o f  t h e  p r i c e  
expec ta t i on  f unc t i on ,  such as t o  imp ly  an u t i l i t y  f u n c t i o n  homogeneous o f  some 
degree then homogeneity o f  t he  demand system p r e v a i l s .  Furthermore, a  s p e c i f i c  
assumption of t he  fo rm o f  t he  u t i l i t y  f u n c t i o n  w i l l  generate symmetric compen- 
sated c o n o d i t y  p r i c e  e f f e c t s  f o r  comnodity demand. -The same ho lds  f o r  n e g a t i v i -  
t y .  The v a l i d i t y  o f  such s p e c i f i c  assumptions may be t es ted  f o r  i n  app l i ed  mo- 
de l  s. 

I n  t h e  nex t  sec t i on  t he  demand system i s  t ransformed i n t o  an a p p l i c a b l e  
vers ion .  

3. AN APPLICATION 

To achieve a  model ve r s i on  which i s  s u f f i c i e n t l y  qeneral and can be empi- 
r i c a l  1  y  imp1 emented we adopt t he  framework o f  t h e  "Rotterdam-model" ( c f  . Bar ten  
(1967, 1977), The i l  (1975, 1976)) .  

S t a r t i n g  f rom t h e  d i f f e renced  demand system dq=(aq/ap)dp+(aq/apa)dpa+qLdL 
and cons ide r i ng  t h e  (genera l i zed)  S l u t z k y  equat ion  (6,7,8) we o b t a i n  

App ly ing  t h e  l o g a r i t h m i c  t rans fo rmat ion ,  n o t i n g  t h a t  

dp = d log  p, "-" denotes a  d iagona l  m a t r i x ,  

p r e m u l t i p l y i n g  t h e  system by ; and d i v i d i n g  by L  we ge t :  
-- 
nq ?KpP ''papa 

(12)  d l og  q  = T-- d l o g  p  + d l o g  pa + 

I - A + P ~  
+ ;qL(dlogL - d log  p  - -r d l o g  pa ) .  

D e f i n i n g  
A A 

= P, t h e  resource shares, W '  = (wl,. . . ,W w w ) , n '  M' A 

?qL = B, t he  marginal  resource shares, 

iiK i j  
P= 

L Sp, a  (n+2 x  n )  m a t r i x  

dlogL+ = dlogL - r w. d l ogp .  - wAdlog pa, t he  growth r a t e  o f  r e a l  
j=1 J J 

resources ( i n  v iew o f  t h e  p r i c e  o f  money being t he  numerai re) ,  

we can w r i t e  i n  s imp le r  n o t a t i o n  

(14)  P d l o g  q = S d l o g  p  + S d log  pa + B d log  L'. 
P Pa 



From the fac t  t ha t  d l o p ~ +  = w'dlogq follows d i rec t l y  t ha t  

(15)  I ' B  = 1 and I ' S  = 0 ,  where I i s  the summation vector and 9 = (S : S ) .  
P ' Pa 

Generally no res t r i c t i on  fo r  homogeneity holds unless there i s  reason 
t o  bel ieve in the homogeneity property of the underlying u t i l i t y  funct ion. In 
such a case i t  follows from the implied homogeneity propert ies of the demand 
funct ions tha t  

n 
c S .  = - B i ( w  +W ) f o r  i = l , .  . . , n ;  i  . e .  a l l  commodity demand equations, 

j=l l j  M A 

n 
(16)  1 S . = - BM(wM+wA)+wM f o r  the (nominal) money demand equation, and 

j=1  MJ 

n 
c S = - B ( w  +w )+wA f o r  the (nominal) asse t  demand equation. 

j=l A j  A M A  

Considering the comnodity demand subsystem 

n + (17)  w id logx .=  c S i j d l o g p . + S i A d l o g p a + B i d l o g L  ( i = l  ,... ,n) 
j =1  J 

the symmetry condition 

(18) S . .  = S . .  f o r  i , j  = 1 ,..., n 1J J l  
may a lso  be imposed i f  one i s  prepared t o  assume the type of u t i l i t y  

funct ion mentioned above (10) .  This follows d i rec t l y  from the symmetry of KxD 

under t h i s  assumption. 
Addit ional ly, i f  one r e s t r i c t s  the u t i l i t y  funct ion s t i l l  fu r ther  by speci- 

fying a=O, then a lso SiA=SAi f o r  i = l ,  . . . ,  n holds. 

From the negative semidefinitness of K x D  under the spec i f i c  u t i l i t y  hypo- 

thes is  (10) follows the negat iv i ty  of the si; elements f o r  i = l , .  . . , n .  As the 

asset  pr ice e f fec t s  a r e  of the t rad i t iona l  kind i t  implies tha t  the compensated 
asse t  pr ice e f fec t  on asse t  demand must be neqative, thus SAA<O. 

I f  one i s  prepared t o  assume the elements of B and S t o  be constant ,  system 
(14) may be estimated by l inear  methods. 

4. AN EMPIRICAL EXAMPLE 

The theoret ica l  form of the model (14) i s  approximated using f i n i t e  d i f f e -  
rences (following e.g.  Theil (1975)) .  Also a constant term i s  included. For the 
e r ro r  terms ( e i t )  the standard c lass ica l  assumptions a r e  made (Romoscedasticity 

and absence of intertemporal co r re la t i on ) .  As the summation condit ion implies 
n+2 

x eit=O f o r  a l l  t=1,  ..., T ,  the variance covariance matrix of the e r ro rs  wi l l  
i  =l 
be s ingular .  To avoid t h i s ,  one equation of the system may be deleted a r b i t r a r i -  
l y  (due t o  our assumption of no autocorre lat ion) .  



The system a p p l i e d  t o  u n r e s t r i c t e d  and r e s t r i c t e d  e s t i m a t i o n  i s  g i v e n  by 

f o r  i = l , .  . . ,n+2 and t = l , .  . . ,T. 
The model i s  es t imated  by o r d i n a r y  and g e n e r a l i t e d  l e a s t  squares ( A i t k e n )  

as w e l l  as by maximum l i k e l i h o o d  methods (ML). 
Homogeneity and symmetry c o n d i t i o n s  may be imposed on t h e  cons tan t  parame- 

t e r s .  The n o n l i n e a r i t y  i n  t h e  homogeneity c o n d i t i o n  (16)  i s  removed by an appro- 
x i n a t i o n  u s i n g  sample means f o r  wA and wM. I n e q u a l i t y  r e s t r i c t i o n s  a r e  n o t  im- 
posed b u t  may be checked. 

The v a l i d i t y  o f  these l i n e a r  ( o r  l i n e a r i z e d )  r e s t r i c t i o n s  i s  t e s t e d  u s i n g  
t h r e e  t e s t  c r i t e r i a :  The Wald t e s t  (WT), t h e  L i k e l i h o o d  R a t i o  t e s t  (LR) and 
t h e  Lagrange Mu1 t i p 1  i e r  t e s t  (LM). We t a k e  i n t o  account t h a t  t h e y  a l l  a r e  asymp- 
t o t i c a l l y  e q u i v a l e n t  b u t  numer ica l  d i f f e r e n c e s  appear i n  our  a p p l i c a t i o n .  Poss ib-  
l e  c o n f l i c t s  i n  t h e  t e s t  r e s u l t s  a r e  i n d i c a t e d .  

We a r e , u s i n g  annual t i m e  s e r i e s  da ta  on A u s t r i a n  consumer expend i tu res  
d isaggregated i n t o  t h r e e  ca tegor ies :  food and beverages (xl), o t h e r  nondurables 
and s e r v i c e s  ( x 2 ) ,  and durab le  goods ( x 3 ) .  These s e r i e s  a t  cons tan t  p r i c e s  o f  
1964 a r e  ob ta ined  by d e f l a t i n g  t h e  r e s p e c t i v e  nominal s e r i e s  w i t h  t h e i r  i m p l i -  
c i t  p r i c e  indexes ( p . ) .  A  genera l  commodity p r i c e  index i s  cons t ruc ted  by u s i n g  
t h e  shares o f  t h e  r e a l  consumption expend i tu re  groups. The nominal money s tock  
(M) c o n s i s t s  o f  cu r rency  h o l d i n g s  o u t s i d e  banks and demand d e p o s i t s  o f  p r i v a t e  
p u b l i c .  The nominal s tock  o f  asse ts  (A+) c o n t a i n s  t ime-  and sav ings d e p o s i t s  
o f  t h e  p r i v a t e  p u b l i c  p l u s  t h e i r  bond h o l d i n g s .  The a v a i l a b l e  m a t e r i a l  does 
n o t  p e r m i t  a  s p l i t t i n g  between p r i v a t e  f i r m s  and households. The market  v a l u e  
(A) i s  ob ta ined  by d i s c o u n t i n g  t h e  nominal s t o c k  u s i n g  a  weighted average o f  
t h e  e f f e c t i v e  r a t e  on sav ings d e p o s i t s  and t h e  e f f e c t i v e  y i e l d  on new bond 
i ssues  f o r  t h e  r a t e  o f  i n t e r e s t ,  which d e f i n e s  i m p l i c i t l y  t h e  p r i c e  o f  asse ts  
( p a ) .  Data on t o t a l  resouces (L,Lf) a r e  computed f rom t h e  "uses-s ide"  o f  t h e  

balance equa t ion .  A l l  q u a n t i t i e s  a r e  d i v i d e d  by p o p u l a t i o n  t o  g e t  p e r - c a p i t a  
v a r i a b l e s .  A  l i s t  o f  t h e  da ta  used may be ob ta ined  f rom t h e  au thor  on demand. 
The o b s e r v a t i o n  p e r i o d  i s  f rom 1954 t o  1977. 

A  s e l e c t i o n  o f  e s t i m a t i o n  r e s u l t s  i s  g i v e n  i n  t a b l e  1. S t a r t i n g  w i t h  t h e  
uncons t ra ined  es t imates  we n o t i c e  t h e  i n s i g n i f i c a n c e  o f  t h e  marg inal  resource 
shares f o r  t h e  f i r s t  two commodity groups. Among t h e  p r i c e  c o e f f i c i e n t s  o n l y  
those f o r  t h e  nondurable equa t ion  a r e  r e l i a b l e .  The i m p o s i t i o n  o f  symmetry on 
t h e  commodity p r i c e  c o e f f i c i e n t s  changes t h e i r  va lues t o  a  l a r g e  e x t e n t  and 
t u r n s  them a l l  s i g n i f i c a n t .  A lso,  a l l  marg inal  resource shares show much lower  
s tandard e r r o r s .  The own p r i c e  e f f e c t  f o r  asse ts  i s  p o s i t i v e  b u t  i n s i g n i f i c a n t .  
The a s s e t  p r i c e  e f f e c t  on money demand shows t h e  wrong s ign  t o o  b u t  i s  a l s o  
n o t  s i g n i f i c a n t .  The o n l y  s i g n i f i c a n t  e f f e c t  o f  t h e  asse t  p r i c e  appears i n  t h e  
durab les  equa t ion  where i t  i s  p o s i t i v e  as expected. 

I t  can be seen f rom i n s p e c t i o n  o f  t a b l e  2  which c o n t a i n s  a  summary o f  
t h e  t e s t  r e s u l t s  t h a t  i m p o s i t i o n  o f  symmetry on t h e  commodity p r i c e  submatr ix  
i s  compat ib le  w i t h  the  sample i n f o r m a t i o n .  Thus t h e  r e s t r i c t i o n  on t h e  type  
o f  u t i l i t y  f u n c t i o n  does n o t  seem t o  be s e r i o u s .  The c o s t  o f  r e t u r n i n g  t o  t h e  
f a m i l i a r  symmetry r e s t r i c t i o n  ( a t  l e a s t  p a r t i a l l y )  i s  r a t h e r  easy t o  bear .  

The case i s  d i f f e r e n t  f o r  t h e  homogeneity c o n d i t i o n .  T e s t i n g  f o r  t h i s  
p r o p e r t y  produced c o n f l i c t i n g  r e s u l t s .  T h i s  remains so even when t h e  symmetry 
c o n d i t i o n s  a r e  added. Thus homogeneous p r i c e  expec ta t ions  and u t i l i t y  ( though 
o n l y  a  s u f f i c i e n t  c o n d i t i o n  f o r  homogeneous demand) do n o t  seem t o  be r e f l e c t e d  
i n  a c t u a l  demand behav io r  beyond doubt .  



TABLE 1 E m p i r i c a l  r e s u l t s  

c a t e g o r i e s  i s .  
1 J i 

DW 

uncons t ra ined  

food  and beverages . I 11  -.099 -.062 .037 -.257 .001 1.907 
( .092)  ( .070)  ( . 0 9 4 )  ( . l o o )  ( .403)  ( .007)  

o t h e r  nondurables .089 . I46 -.398 .232 -.667 .013 1.782 
and s e r v i c e s  ( .080)  ( .061)  ( . 0 8 2 )  ( .087)  ( .350)  ( .006)  
d u r a b l e  goods . I56 -.046 - .003 -.016 .389 - .005 2.050 

( .051)  ( .039)  ( .053)  ( .056)  ( .225)  ( .004)  
money .263 .005 .023 - . lo6 -.368 -.008 2.187 

( . 0 8 l )  ( .062)  ( .083)  ( .089)  ( .356)  ( .006)  
asse ts  -381 -.006 .439 - . I46 .903 -.001 2.017 

( .147)  ( .112)  ( 1 5 )  ( 6 1 )  ( .645)  ( .011)  
- 

homogeneity and s*metry ( o f  commodity 
equa t ions )  c o n s t r a i n e d  (ML-est imat ion)  

food  and beverages . I93 - . I 26  . I 0 3  -.065 .040 - .009 
( .086)  ( .044)  ( .035)  ( .028)  ( .437)  ( .006)  

o t h e r  nondurables . I 69  - .245 .066 -.480 .005 
and s e r v i c e s  ( .077) ( .042)  ( .029)  ( .378)  ( .005)  
d u r a b l e  goods . I86 - .085 .480 -.008 

( .051) ( .033)  ( .229)  ( .004)  
money .221 .051 - .061 .071 -.369 -.007 

( .090)  ( .062)  ( .084)  ( .076)  ( .400)  ( .007)  
asse ts  .230 .036 . I37  .013 .329 .018 

( .152)  ( .067)  ( .088)  ( .077)  ( .743)  ( .011)  

TABLE 2 T e s t i n g  r e s t r i c t i o n s 1 )  

v e r s i o n  est im.  l o g x  WT LR LC c r i t . v a 1 .  remarks 
method 95% 

uncons t ra ined  OLS 286.34 - - - - 
Symmetry o f  
commod i t y  A i t k e n  283.54 5.602 4.279 7.81 Ho passes 

ML 283.905 5.610 4.871 4.279 -"- - 11 _ p r i c e  c o e f f .  

OLS Homogeneity ML 280.09 12.502 7.204 9.49 c o n f l i c t i n g  
281.655 12.502 9.371 7.204 - " -  i n f e r e n c e  

Symmetry o f  
commodity A i t k e n  276.765 19.151 11.963 14.07 c o n f  1  . i n f  
p r i c e  c o e f f i c .  ML 278.87 19.190 14.945 11.920 -"-  _ lo _ 
and homogeneity 

1 
Tests c a l c u l a t e d  w i t h  f a c t o r  T-K 



I t  should be noted t h a t  t h e  presented a p p l i c a t i o n  i s  only a t e n t a t i v e  one. 
Using t h e  approach on a l a r g e r  s c a l e  ( d a t a  pe rmi t t i ng )  w i l l  c e r t a i n l y  reveal  
more of t h e  s t r u c t u r a l  informat ion conta ined i n  p r i c e  and resource parameters.  

For i t s  use i n  es t ima t ing  t h e  d isaggregated consumption component of  f i n a l  
demand t h e  Rotterdam model may no t  be used s t r a i g h t  forward ly .  I t s  es t imated 
p r i c e ,  income and resource parameters should f i r s t  be converted i n t o  ( v a r i a b l e )  
e l a s t i c i t i e s .  They may be c a l c u l a t e d  e.g .  using t h e  average resource shares  o r  
t h e  most r e c e n t  ones a v a i l a b l e .  The i r  es t imated va lue could subsequent ly be in-  
s e r t e d  i n t o  t h e  fol lowing equat ion f o r  t h e  i - t h  s e c t o r :  

where q i =  ~ ~ / i ~ ,  0 .  .= S i j / i i ,  o i a  = S i a / i i  a r e  t h e  r e s p e c t i v e  e l a s t i c i t i e s  
1 J 

c a l c u l a t e d  using average- resource shares .  
On t h e  o t h e r  hand o t h e r  well known demand models, l i k e  t h e  l i n e a r  expendi- 

t u r e  system and o t h e r s ,  may be used a s  we l l .  One should note,  however, t h a t  t h e  
assumption of a s p e c i f i c  func t iona l  form of t h e  underly ing u t i l i t y  func t ion  
a l ready  impl ies  s p e c i f i c  assumptions concerning p r i c e  expec ta t ions  and t h e  
i n t e r a c t i o n  between monetary and rea l  i tems.  I t  would c e r t a i n l y  not  be wise 
t o  choose a p a r t i c u l a r  func t iona l  form whose imp l i ca t ions  were re jec ted  by 
a more general  (e .g .  t h e  Rotterdam) model. 

5.  CONCLUSIONS 

This  paper at tempted t o  p resen t  a demand model based on in ter tempora l  
consumer dec is ions .  I t s  t h e o r e t i c a l  and empi r ica l  imp l i ca t ions  have been d i s -  
cussed and subsequent ly t e n t a t i v e l y  app l ied  t o  Aust r ian d a t a .  In doing so a l l  
t h e o r e t i c a l  assumptions were kept a t  a r a t h e r  general  leve l  and no s p e c i f i c  
func t iona l  forms had t o  be used. Obviously a number of i s s u e s  were no t  given 
a t t e n t i o n  t o  keep t h e  model r e l a t i v e l y  s imple.  Among f u r t h e r  improvements of 
t h i s  model due cons ide ra t ion  should be given t o  an e x p l i c i t  t rea tment  of  con- 
sumer c r e d i t  and t h e  r o l e  of durab le  goods. For t h e  p resen t  expos i t i on  i t  might 
be s u f f i c i e n t  t o  mention t h e  p o s s i b i l i t y  t o  t r e a t  a s s e t s  a s  n e t  a s s e t s ,  provi-  
ded they  remain p o s i t i v e  which i s  l i k e l y  t h e  c a s e  f o r  t h e  aggregate household 
s e c t o r .  Consider ing consumption of du rab les  would f u r t h e r  r e q u i r e  d e t a i l e d  d a t a  
on s t o c k s  and d u r a b i l i t y .  Re l iab le  da ta  a r e  genera l l y  found on ly  on expenditu- 
r e s .  

F i n a l l y ,  t h e  a t t e n t i o n  brought t o  t h e  i n t e r p l a y  of r e a l  and monetary 
magnitudes by focus ing on t h e  in ter tempora l  aspec t  of consumer dec is ions  should 
promote thoughts  and a t tempts  t o  i n t e g r a t e  monetary a s p e c t s  w i th in  input-out-  
put  model l ing.  
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The following paper gives some resul ts  of a prmpuatory data analysis 
fo r  the development of sectoral employment and sectoral wages and u l a -  
rims, which are now available for the d i sagg rqa td  umometr ic  model a t  
the DIM. The FIND-Projut (Eoruasting &tw indust r ia l  Welopmmt), 
which w i l l  be accomplished i n  cooperation with the SF0 21 (Scmdrfor- 
uhungsbaeich - &.cia1 Research -tion) of the Bonn Univwsity, star- 
t& at the beginning of t h i s  year and i s  supported by the DFO (Dwtuhe 
Forrehungsqe~neinuhaf t - 6erun Research Community). I t s  main targets 
are published i n  the research plan presented a t  a meeting of the DF6 i n  
Bonn i n  July 19B2 (KRELLE, ERBER, KIY (1982)). 

The paper stresses the necessity of preparatory data analysis as a 
step i n  the beginning of a development of a large sectoral disaggregated 
econometric model. A thorough knowledge of what kind of story the data 
t e l l  us i s  important t o  use an adequate theoretical framework l a t w  
on. Analytic too ls  u e  necessary i n  t h i s  situation, because the over- 
whelming amount of information Contained i n  thousands of sectoral time 
series makes an immediate understanding of the informational content im -  
possible. The current available l i t e ra tu re  (cf. 0.9. NOSTELLER, W 
(19771, TUKEY (1977)) gives some advice, but t h w e  i s  s t i l l  a nuess i t y  
for further developmmt of methods for the econometrics of sectoral 
changes and structural pattern dynamics. 

i n  the Federal R m u W  of I).raanv, 

The development of the mnploymont and incam si tuat ion i n  d i f f w m t  
industr ies of the Federal Republic of Germany i s  characterized by the 
major trmds, which are observed i n  other highly industr ial ized cam- 
t r ies.  The t e r t i a r y  sectors are absorbing m e  and mare pwp le  frm the 
primary and secondary sectors. Especially the govwnrmt ne tor ,  which 
i s  by far  the largest single sector i n  the 51 sector c lass i f i ca t im,  
increased i t s  percentage share of the to ta l  mployees from 18.45 X i n  
1968 t o  17.87 X i n  1989. Correspondingly the i n c m  s i t u a t i m  for tho 
t w t i a r y  sectors are changing re la t i ve l y  t o  the primary and nconduy  
sectors. For the governmmt sector t h i s  over proportional increaw i n  
the incomes earned i n  t h i s  sector i s  expreswd by the g r h h  of i t s  
percentage share of the to ta l  mges and u l a r i o m  from 14.28 X i n  1969 
t o  19.36 X i n  1980. On the other hand t h i s  dwelopmmt should not be 
interpreted as a widening gap i n  tho per capita i n c m  si tuat ion bet- 
the governmt  sector and the other sectors. The p w  capita incow for 
the g o v a n m t  nctor i n c r e a d  f rom 9,742 MI i n  1968 t o  41,569 MI i n  
1988 compared t o  the t o t a l  incorm increase i n  mges and salariom from 
7,131 DH i n  1969 t o  36,651 DH i n  19W. This i .pl iom a clo8ing of the p r  



cap i t a  i n c m  gap from 13b.6 X i n  1960 t o  113.4 X i n  1988 of t h e  mar- 
ningm of g o v r n m n t  workrm i n  r e l a t i o n  t o  t h o  g m r a l  ine#. dwmlop- 
m n t .  Thm income mituat ion i n  thm govmrnmmt meeta i m  mtill favaab lm 
c o q a r d  t o  t h o  t o t a l  dmvmlopmmt, but  with t h o  growth of thim mocta 
its coqa ra t i vm  advantagmm dirinimhmm. b s p i t m  thim r a j a  t rmdm t h r m  
u m  0th- dwmlopmmtm, h i c h  arm mar0 s p u i f i c  f o r  B u n n y  and mhould 
bm ana lywd i n  f u r t h r  dmtail. 

Thm t iw p r i o d  u n d r  i n v n t i g a t i o n  i m  t ho  p r i o d  f r a  19M t o  19Be. 
Thm da ta  used u m  i n  p a r t  from thm Federal Btat imt ica l  Mficm (BTATISTI- 
S[mS BU(DESCWT (1982)) and a l s o  bawd on own c o q u t a t i o n s  a t  thm DIW. 
Thm fol lowing m u t a m  from t h e  F d r a l  Btat imt ica l  Mficm u m  split up 
a t  t h o  DIM by uming f u r t h r  i n f a r a t i a n ~  

75 m l u t r i c i t y ,  gas, watw supply 2 mlmctr ic i ty and long-dimtancm 
gmera t i ng  mtat ion 

3 91. .upply  
4 mtw supply 

115 uholemalm and rmta i l ing  48 uholmmalm 
41 rmta i l ing  

119 remaining t r a f f i c  43 h i p p i n g ,  watwwaym and harbour. 
44 road t r a f f i c  ( inc l .  o t h w  t rana-  

p a t )  

124 rmtmd dwmllingm,mmrvicmm n.m.m. 49 r m n t d  dmmllingm 
49 se rv i ces  n.e.m. 

A l l  da ta  arm conmimtmnt with thm publimhmd da ta  i f  t h o  Fulmral S t a t i s t i -  
c a l  Officm. Thm da ta  u m  d i sagg rega td  by a 51 suta c l a s s i f i c a t i o n  of 
thm production sector., which is g i v m  by thm t ab le  opposite. 

C h m  p r o b l n ,  h i c h  ham t o  bm solved, conmimtm of f i nd ing  admquatm 
r t h o d m  t o  got  an o v r a l l  p i c t u r e  of t h o  dwmlopnmt of t h o  ultiwmeto- 
r a l  t iw w i n .  

The t r a d i t i o n a l  approach is t o  look at thm annual a avwagm grouth 
r a t n  a thm pwcmtagm mhum changmm i n  coqarimm t o  t h e  aggregatm 
d w m l o p m t  and t o  i n twp rmte  thmw rmla t i ve  changmm. Thim approach 
could bm an mamy m y  t o  f i nd  mtructural  m t a b i l i t i n  on t h a t  lmvml, but 
i t  w r l o o k m  o t h w  #re h iddm mt~b lm rmlationm i n  t h e  data. 

Anothw m y  t o  t a c k l e  thm p r o b l n  i m  t o  use c a r o l a t i o n  and rmgrn-  
mion ana lys is ,  no t  i n  thm famhion t o  g e t  an n t i n t i o n  f a  an alrmady 
f a a u l a t d  u o n a i c  rmlationmhip l i  km labour dmrand a mgm functionm, 
but  am a dmur ipt ivm tool f a  c o q r n d n g  i n f a n t i o n  contained i n  thm 



I Class i f i ca t im of tho  production ..ctorS 

I 1 agriculture, f o r n t r y  and f ish ing 
I 2 d u t r i c i t y  and l m g 4 i s t a n c o  gmnuating s t a t i m  
I 5 gas supply 
I 4 w a t r  supply 
I S c m l  mining 
I 6 ron in ing  mining 
I 7 c h r i c a l  industry, prod. and proc. of nuclmu f w l  
I 0 m in ra l  o i l  rmfining 
1 9 p las t i cs  w n u f u t v n  
I le r u b b r  and ambastom mawfac turn  
I 11 industry of building n t a r i a l s  
I 12 fin. c r a i c  industry 
I 13 productim and procnsing of g lass  
I 14 iron and stsl industry 
I 15 industry of n m - f r r o u s  dais 
I 16 foundrims 
I 17 stsl &.ring and cold ro l l ing  mills, stsl forging 
I 10 cms t rue t ima l  s tool  
I 19 w c h i m r y  c m s t r u c t i m  
1 28 off icm mquipmt,  c o g u t r s  
I 21 Hkiclm c a n t r u c t i m  
I P shipbuilding 
I 23 nrapu. industry 
I 24 d u t r i c a l  oquipmmnt 
I ZS p r u i s i m  mqmouing,  opt ical  industry, and watch- 
1 26 industry d hudu rm,  and a t a l  gmds 
I 27 musical i n s t r u r n t s ,  toy., j-lry, and .por t  u t i c l n  
I 28 sawmills and t idr procnsing 
1 29 t idar unu f  utvn 
I 36 cml lu lon  M d  p.p.r proc...ing 
I 31 p q a r  and board u n u f a c t v n  
I 32 pr int ing and duplicating 
I 35 tmtilm industry 
I 34 lwthr industry 
I 35 cloathing industry 
1 36 food and dr inks u n u f u t w i n g  
1 37 t a b u c o  industry 
I 30 building and rod c m s t r u c t i m  
1 39 c o q l o t i m  of c m s t r u c t i m  
I 4 8  r h o l u l m  
I 41 ro ta i l ing  
1 42 railway 
I 43 .hipping, watrways and h u b w s  
1 44 rod t r a f f i c  ( inel.  o t h r  t r m s p w t )  
I 43 c ~ r m i c a t i m s  (Fodra l  P m t )  
I 46 crodi t  i n s t i t u t n  
1 47 i n u a n c m  
I 48 rm tod  duoll ings 
I 49 u r v i c n  n.o.s. 
I 58 public sactor ( incl.  w c i a l  inuuancm) 
I 51 privatm houuholds and nm-prof i t  organizat ims 

data. Thim m y  of looking a t  the data doem not make the t radi t ional  
approach obwlRte, but i t gives additional holp f a  making drcisionm 
about the adequate fanu la t i on  of an rconomtric model. Bhould a top- 
d m  mprcification chosen a a botta-up procedure w l r c t e d  ? Th- 
duimion w e  not eamil y t o  be made on a p r i o r i  conmidrationm, b u a u w  
from a theoretical point of v i m  i t  may be m y  smmible t o  choose a 
bottom-up procedure am well am a top4own approach. The data analymim 
can give hint., which kind of mpu i f i ca t ion  mtratrgy would be m r e  
wpropr i  ate. 



With tw-darn specif icat ion we label a way of f a u l a t i n g  a mdel, 
which seperates the macroeconomic behavioral re la t ion  from the w c t a a l  
behavioral relations. Thwef a m  t hew mdels have a dichotomy b m t m  
the explanation of the level of the macromconomic a c t i v i t y  and the 
w c t a a l  level  of mplanation. This kind of thmrmtical f a u l a t i o n  
could be based on a microeconomic decision model with two wparable 
decisions (cf.e.g. SONO (1961), STROTZ (19571, BLACKORBY, PRImMT, 
RUS6EL (1978)) a could use v w y  d i f fe rent  explanatay thmries, which 
are independent from mothw. Cansistency i s  the only condition which i s  
necessary. Since the sec taa l  developmnt cannot be explained as a 
single decision u k w  problem of a l l a a t i n g  r..ourcmm, because t h w e  are 
usual1 y a rider of d i f  f erent decision makers, m are bound t o  use the 
metapha of the representative entwpr ise a wit i t  at  a l l .  

With bottom-= specif icat ion we label a praedure, which mpla ins 
the d i f ferent  w c t a s  without giving an explanation fa the aggregate. 
The aggregate variable could be regarded as an accounting variable 
without an economic explanation. It only sumnarizes the mectaal deve- 
loprent m d  the sec taa l  explanation f a  the purpose of corprrosing 
i n f  wmation, but there are no macroeconomic decision problems. This 
approach seems t o  be b e t t w  suited t o  take account of i ns t i tu t iona l  
fac tas ,  because t h w e  are no a p r i a i  res t r i c t ions  t o  guarmtw c o n s i r  
t m c y  between the two levels. This greater f l e x i b i l i t y  of sectaa l  
modelling seems t o  be very attractive, but there might be circumstances 
whwe they rmprermt an unnscesmuy complication. I f  the w c t a a l  data 
are highly u l t i c o l l i n e a r ,  there i s  no need t o  give a q ~ e c i f i c  mectaal 
explanation. To the contrary v w y  hetwogenuous d w e l o p m t s  i n  single 
w c t a s  would indicate that bottom- praodures are u w f u l  and top-dam 
would f a i l .  

hs a f i r s t  stmp of applying rrgrmmsion and c a r e l a t i o n  analymis the 
following models are u d r  

1. In te rcare la t ion  matrices of the sec taa l  and aggregate time series. 

2. T i w  t r m d  rrgressions of the w c t a a l  ti- u r i m m  (l inear and 
lagarithmic l inear).  

3. Rrgrmmsions of the mectaal ti- w i m m  with the aggrrgate variable 
as the explanatay variable ( l inear and lagarithmic l inear).  

The i n t w c a r e l & t i o n  utrir of the w c t a a l  data ukmm the l i n w  
dmpmdencimm of a11 u r i e s  obvious. This i s  a u w f u l  i n f a u t i o n  t o  
d i u o v w  b l a k s  with strong l inear dmpmdmcimm which d o u l d  be treatmd 
d i f f w m t l y  than b l a k s  which are indmpendent. That these structurmm 
a c u r  i n  mectaal time u r i e s  data are rhm by the i n t w c a r e l a t i o n  
ntr icmm f a  t.ploy-t and the wage and salary data (cf. the table 1 
~d 2 of the appendix'). 

I f  i t  i s  possible t o  i d m t i f y  typical  pat twns i n  the i n t w c a r e l a -  
t i o n  matrix, w gmt u w f u l  i n f a n t i o n  whre  top-darn a bottol.lrp 
approachmm are #re adequate. Some w c t a s  might mvw i n  a strong l inear 
dmpmdmt m y  with another and i t  would be i q o s s i b l e  t o  f ind  o thw 

'For reasons of  space t h e  appendix i s  no t  reproduced here. I t  i s ,  however, ava i l ab le  on n i c r o f i c b e  
f r o g  the  Pub l i ca t ians  Depart lent ,  IIASA, A-23bl Larenburp, Austr ia ,  on request. 



s i g n i f  i c a n t  i n te rac t ionm between thma. Evm i f  t h e  t h o o r e t i c a l  pref  erm- 
cem would l i k e  t o  u s e  a s e c t o r  n p u i f i c  approach, it w i l l  no t  work with 
t h e  a v a i l a b l e  data.  b t h e  o t h e r  hand t h e  top-dorm approach w i l l  f a i l ,  
i f  t h e r e  is no dependency, which guaran tees  a s t r o n g  r e l a t i o n .  

Looking a t  t h e  i n t e r c o r r e l a t i o n  m t r i x  of t h e  m l o y m t  (c f .  t a b l e  1 
of the appendix')^ see t h a t  t h e  s e c t o r s  2,4,9,21,23,25,39,41 and 44 - 
S@ u e  a11 s t r o n g  p o s i t i v e l y  c o r r e l a t e d .  Them are a11 i n d u s t r y  m u t o r s  
with an i n c r e a s i n g  employment o v w  t h e  p e r i d  1966 - 1988. With thmse 
t h e  m u t o r s  1,5,6,11,12,14,16,1B,22,~,29,33,34,~,37,42,43 are ncpa- 
t i v e l y  c o r r e l a t e d .  f h e s e  s e c t o r s  are c h a r a c t w i z e d  a s  dec reas ing  ma- 
ployment s e c t o r s .  f h e  remaining wctors 3,7,8,16,13,15,17,19,28,24,26, 
2B,38,31,32,36,38,48,51 do  no t  have such a c l e a r  c u t  r e l a t i o n s h i p .  Wc 
f i n d  a reasonably  s t r o n g  p o s i t i v e  r e l a t i o n  between t h e  p a i r s  of wctors 
28,29 and 31,32. Bince 20 (saw-aills and t i l l b r  process ing)  and 29 
( t imber  manufactures) a r e  l i nked  by t h e i r  product ion procmssms t h i s  is 
no t  s u r p r i s i n g .  f h e  mame is t r u e  f o r  31 (paper and board manufactures) 
and 3 2  ( p r i n t i n g  and dup l i ca t ing ) .  The f i r s t  view shows t h a t  15  wctors 
a r e  s e c t o r s  with i n c r e a s i n g  employnent, 17 a r e  m u t o r s  wi th  dec reas ing  
employmmt and 19 wctors do  n o t  have a c l e a r  c u t  r e l a t i o n s h i p  and need 
f u r t h e r  i n v e s t i g a t i o n s .  

f h e  p i c t u r e  shorm by t h e  i n t e r c o r r e l a t i o n  matr ix  f o r  wages and n l a -  
ries is very  d i f f e r e n t .  There a r e  high p o s e t i v e  c o r r e l a t i o n s  between a11 
s e c t o r a l  v a r i a b l e r  (c f .  t a b l e  2 of t h e  appendix') . f h e  elo#nts of t h e  
c o r r e l a t i o n  matr ix  a r e  n e a r l y  e v e r w h a e  approximately one. A t  t h e  f i r s t  
s i g h t  t h i s  might b e  a w r p r i m i n g  r e s u l t ,  because t h e  w c t o r a l  annual 
growth r a t e s  and percentage s h a r e s  show cons ide rab le  d i f f e r m c e s  wer 
t h e  t ime  p e r i d  from 1966 - 1988. T h e r d o r e  rrr g e t  an ewtremely homogo- 
neous p a t t e r n  compared t o  t h e  c o r r e l a t i o n  matr ix of  t h e  npo lye08 .  Any 
a t tempt  t o  g i v e  m e  n p e c i f i c  exp lanat ion,  which assumem i m p l i c i t l y  a 
g r e a t e r  heterogenewm d i v a s i t y  i n  t h e  s e c t o r a l  development and u u ~ t  t o  
i d e n t i f y  Rae s p e c i f i c  e f f e c t s ,  ww ld  f a i l  under t h e s e  circumstancms. He 
w i l l  resume t h i s  problem. 

f h e  next  s t e p  of wr a n a l y s i s  i n m t i g a t m s  t h e  t r m d  c-onmt i n  t h e  
w c t o r a l  data .  Bince l i n e a r  and logar i thmic  l i n e a r  rcprmssions w e  
computed, m g e t  i n f o r m t i o n ,  i f  a c o n t i n u w s  l i n e a r / e x p o n m t i a l  
g r o w t h / d u l i n e  g w r n s  t h e  d m l o p m t  or d i f f e r m t  p a t t r n s  are pro- 
ecnt .  

f h e  t a b l e r  f o r  t h e  rcprmssion a n a l y s i s  are organized as f o l l a n r  

1. f h e  name of t h e  reg ressed  v a r i a b l e  and its u a l i n g  dimension. 

2. The equa t ion  s p e f i c a t i o n  us ing  t h e  fo l l ow ing  l a b e l s r  

LF( i  ,t) - s e c t o r a l  e m p l o y m  of sutor i 
LF( t )  - t o t a l  ~ p l o y m  
W ( i , t )  - wages and s a l u i m s  of m u t o r  i 
W ( t )  - t o t a l  wages and n l a r i m s  
u ( t )  - error t e r m  f o r  wctor i 
t - t r m d  v a r i a b l e  (t = 1,...,21) 

'F:r r e d 5 3 r 5  c i  Eria:? t i e  a p ~ e r ~ d l r  i s  c o t  reo roduced  h e r e .  It 15,  however ,  a v a i l a b l e  on m i c r o f i c h e  
tr:m tb:e f : a t ! : c a t i c ~ ~  Depar tment .  11RSR. R-236! Laxenburo ,  A u s t r i a ,  on r e a u e s t .  





For the l inear equations1 

a ( i )  - p u a w t e r  of the constmt t w m  f a  sector i 
b ( i )  - p a r a r t w  of the mxplanatay variable f a  sect- i 

F a  the logarithmic l inear equationsl 

a ( i )  -na tura l  l o g u i t h m o f  t h e s c a l i n g p a r a r t w f a  the 
sector 

b ( i )  - p a r a r t w  of the sec taa l  mlast ic i ty  of suta i 

3. The es t imatd  values1 

a - c o l u n  labml f a  a ( i )  
b - column label f a  b ( i )  
t ( a )  - est imatd  t-value of paranrtw a 
t ( b )  -mstimated t -valueof  parametw b 
DW - Durbin-htson s t a t i s t i c  
R2 - coeff ic ient of detwmination 

The theoret ical t-value f a  the 1 X significance level i s  2.861 and 
fw the 5 X level i s  2.893 with 19 degrees of freedom. 

4. Thm estimation method i s  alwrys ordinary least squares (OLB). 

5. The estimation period i s  everywhwe 1968 - 19BB. 

For the developmrnt of the wc to ra l  errployees descr ibd  by the t r m d  
models ( c f .  p . 9 0 )  um find, that the sectors 1,2,4,5,6,9,11,12,14,16,21, 
22,23,25,28,38,33,34,37,39,41 - 50 have high coeff icimnts of detmr- 
mination. Their parameters are a11 s igni f icant  a t  the 1 X level. The 
sign of the parameters b ( i )  show an increasing t r rnd  for thm sec tas  
2,4,9,21,23,25,39,41,44 - 58, and a decreasing trend i n  1,5,6,11,12,14, 
16,22,28,38,33,34,55,37,42,43. I n  comparison t o  thm l inear t i r  trmnd 
model the logarithmic model gets higher c w f f i c i m t s  of dmtwmination 
fo r  the sectors 1,5,6,14,16,25,28,37,43,44,45,49, but the growth rat. i s  
only s t a t i s t i c a l l y  s igni f icant  fw the sectors 5,6 and 37. Those arm a11 
d u l i n i n g  industr ies with r-ut t o  .rploymmt. This could bm i n t r -  
p r e t d  as a situation, whwe the mining s u t a s  (5,6) and thm tobacco 
industry (37) rmached was kind of saturation level a t  the m d  of the 
seventies. The current c r i s i s  i n  the coal mining industry shows, that 
the process could mll be an intermadiate s tab i l i za t ion  of a mhrinking 
process, which stopped during the t w o  o i l  c r is is ,  but s t a r t d  again with 
the s tab l i l i za t i on  of thm o i l  pr ices i n  thm brpinning mightims. Whm 
minor supwior i t ies  of an exponmtial trend with remput t o  the c w f f i -  
cient of ddwminat ion occur i n  0th- sectors, but thm growth ra te  d m  
not pass the significance tmst a t  thm 5 X or 1 X level a clear cut 
d u i s i o n  i n  favour for an mxponmtial growth/dul ine assumption cmnot 
be made. Since for predict ive purpoaes an mxponential growth/duline 
aswrrption seems #re r i s k i w  than a l inear, m p r d w  the #re conwr- 
vat ive approach of l inear  t r m d s  with s igni f icant  c w f f i c i r n t s .  

Looking a t  thm rmwl t s  of the t i r  t r r nd  analysis for the devmlopment 
of thm aectoral wages and salaries ( c f  . p . 9 2 ) ,  m notice that  with 
the exeception of the sector for remaining mining (6) a11 others have 
c w f f i c i e n t r  of detwnination l a r g w  than BB X and s igni f icant  parmc- 
terr. A l l  incomes grou. Only the soctor road t r a f f i c  ( incl.  other trans- 





port )  has an ins igni f icant  coeff ic ient for  the absolute t w m .  Corrparing 
the l inear trend nodel with the loqui thmic l inear t r m d  m f i nd  that  
nearly a11 f i t s  are better than the l inear approach. The following 
wc to rs  deviate from t h i s  g m w a l  t r m d ~  0,29,32,33,34,35,38. The r t  
sult ,  that  the development of u c t o r a l  i n c m s  follows a growth t r m d  
ww the l as t  21 years i s  not v u y  surprising, but the d r g r n  of h q t  
n i t y  of a continuous growth for  a11 sectors i s  not wlf ev idmt  from the 
prima v is ta  of changing u c t w a l  h a r e s  and d i f f w m t  growth ratmm. The 
argummt, that  trade unions and organizations of mt rmprmwrs  are 
bargaining with anothw on the basis of leader and f o l l o m r  relat ion- 
h i p s  for the d i f ferent  industrimm and therefwe the d u i s i o n  of one 
sectw i s  c u r i d  ovw by the othw, does not f i t  a t  t h i s  situation. 
Trade unions and mtrmprenwrs bargain on wage rat-  not on a whole 
incow posit ion of the sectwal  employees. Evm, i f  working hours m l d  
be f a i r l y  constant over time, which was not the case i n  FRB, the n w b w  
of employed people i s  not f ixod by contract. 

Turninp now t o  the estimates, whwe the sectwal  variables are r t  
latod t o  the aggrmgate. We notice, that  for the wc to ra l  employ- the 
use of the aggregate employment variable does not give a good 
explmation fw the sectwal  deve lopmt  ( c f .  p.94) . Only the sectors 
2,9,21 and 45 have high R2 and s igni f icant  coef f i c imts .  The f i r s t  threm 
of them get better resul ts  by using the l inear logarithmic approach. The 
aggregate variable for the employees i s  therefore a much weaker mplana- 
tory variable than the tiar t rmd. I n  i t s  the aggrrgate mo u n y  dif fo- 
rent developments are mixed up, that  i t  i s  does not f i t  i n t o  m y  -to- 
r a l  development v w y  well. The significance of tiar t r m d s  i n  the *to- 
r a l  variables shows us on the other hand, that  t h i s  i s  not a cause of 
f a i r l y  instable employmmnt movements i n  the single su to rs .  The u i n  
reason fo r  the discrepancy betwem time trend and to ta l  ,aggregate 
variable l i e s  i n  the fact, that the n w b w  of employed people d id not 
increasm very much and not very steadi ly as well. I n  1968 we had 29.873 
m i l l i on  employees and i n  1988 22.989 mil l ion. During t h i s  p a i d  m had 
a small recession i n  1967 with r drop of employment from 21.626 m i l l i on  
i n  1966 t o  29.988 i n  1967 and an increase over the level  of 1966 i n  1978 
t o  22.138 m i l l i on  For the f i r s t  decade m had thae fo re  a m a l l  increaw 
i n  employment i n  the f i r s t  ha l f  and a s l i gh t  decrease with slow r u o v e  
ry, which n d o d  t h r n  years. A similar dwelopmmt i s  obwmuvmd for 
the second decade, whwe the f i r s t  o i l  c r i s i s  stopped a continuous 
growth. Start ing i n  1978 with 22.138 m i l l i on  the growth stoppmd i n  1973 
with 22.033 m i l l i on  and passed t h i s  level  only i n  1908 with 22.909 
mil l ion. 

Looking now a t  the resul ts  for the wages and salarimm ( c f .  p.95), 
wm notice that  h u e  the aggrrgate variable i s  a nearly p a f u t  explana- 
to ry  variable for a11 u c t w s .  I n  the avwage p a f o r m c e  the logari th- 
mic l inear approach outperforars the l inear and the t r m d  modpl. The 
differencmm are i n  most cases not v a y  d rau t i c ,  only the u c t w  6 
iaproves considerably by the aggregate variable model. The rnt i s  v w y  
c l o w  t o  each othw.The aggregate income seer t o  be bet tor  w i tmd t o  
tackle the two ruessions i n  the FRO, which m already wntionod. It 
gets t h w e f w e  a s l i gh t  advantage w e r  the t r m d  model. A b e t t w  d iscr i -  
mination betwem both would only be possible, i f  the economic develop- 
wnt i n  t h i s  variable would be disturbed, so that  the co l l inear i ty  
between both would not prevail. 

From the uonomists point of vieu i t  see r  j u s t i f i d  t o  p r e f w  the 
aggregate variable model. This poses the question, i f  t h w e  exists an 







economic explanation for the persistence of a strong logarithmic l inear 
relationship, with wme deviations i n  f a v w  of the l inear &el ? An 
immdiate reference t o  an econodc theory seems not t o  be a t  hand, but 
i n  some way there i s  a re la t ion  t o  a wage fund interpretat ion of t h i s  
finding. I f  the nominal wages and salaries of the sectors u e  following 
some f a i r1  y stable time paths, thmn the rmlation betmen aggregate 
income and sectoral income c w l d  only be constant, i f  the adjustments 
taking place between di f ferent  wctors, i s  r e a l i z d  by adJustments of 
the wage ra te  and thm labour force. The interpretat ion luggests, that 
there i s  an independent dmtmrmination of the structure of the wctora l  
incomes, which i s  only influenced by the general uonomic conditions, 
which dmtermine the levml of thm aggregate incone. Only through t h i s  
channel the market forces influence wc to ra l  wage funds. The p a r a r t r i c  
structure instead i s  givmn by technological and ins t i tu t iona l  condi- 
tions, which neg lu t ,  t o  a great extent, w k e t  signals. 

80 f a r  t h i s  i s  not an affirmativm statement, becauw t h w e  i s  a lack 
of an exp l i c i t  rodml, which c w l d  show the mechanism a t  uark and show 
the basic assumptions t o  get the result .  But i t  might bm a f r u i t f u l  way 
for further theorizing. The answer for t h i s  problem w i l l  not be presen- 
ted i n  t h i s  paper, which started t o  demonstrate the usefulness of p re l i -  
minatory data analysis. I f  we end here t o  ask new questions without 
having them i n  mind when we started the analysis, t h i s  shows the suc- 
cess of t h i s  approach. The re la t ion  t o  economic thewy i s  s t i l l  not 
explained. The question, of how t o  re la te  t h i s  way of analysis t o  stan- 
dard models i n  econometric uark cannot be answered yet as mll. Up t o  
now i t  i s  a way t o  l w k  at the rodel l ing problem from a d i f ferent  
perspective, when probably orthodox models havm f ailmd. To use the 
information i n  the data ef fect ive ly t o  avoid fa lse modelling concepts, 
which m l d  t e l l  the wrong story with the data, which are d i f fe rent ly  
related, i s  the target of further research. This i s  only a beginning. 

The table on the next page summerires the resul ts  of w regression 
anal ysisr 

T,W,LF - estimates of t,W,LF give a good f i t  (R2 > B.B8) 
(+I-) - increasing/dPcreasing with good f i t  

W > I n  T - l inear  wages f i t t o d  b e t t w  than logarithmic t r m d  

The paper pr..mts a f i r s t  st- t o  apply data analyt ic tuhniques t o  
sectoral diuggregatmd mconomic ti- w r i m m .  It uses two examples t o  
denonstrate, that quite d i f f e r m t  obwrvations could be ude. 

The analysis of thm rrrployrarnt data show some sinple ti- t r m d  rela- 
tions, which are not d i rec t l y  relatod t o  the aggregate dwelopment of 
t o ta l  8npl0y888. Therm rraains a large number of wctors, which do not 
f i t  mll  i n  the fw sinplm models used. Therefore thorough investiga- 
t i o n  for the m p ~ c i f i c  devmlopnmnts i n  these w c t a s  i s  n u e s w y  and a 
strategy for using the bo t to rup  cmcmpt meam prwis ing.  

The analysis of the wages and salaries data show a vwy  d i f f w m t  
pattern. A l l  wctora l  t i r  u r i e s  are highly correlated with each other. 
Therefore l i t t l e  extraordinary wctora l  developments can bm discovwod, 
which are not lurnaerized i n  the l inear or logarithmic l inear rodml with 
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the aggregate var iab le  as the only explanatory factor. Instead of giv ing 
fu r ther  incent ives t o  take a c l o w r  look a t  the  s t ructure of the 
sectoral  data, these r esu l t s  need fur ther  economic i n twp re ta t i on  t o  
f i n d  a reasonable ansuers, why t h i s  r e l a t i on  m i s t s .  

The analysis of  the  data should not stop hue .  Thwe are f u r t h r  
aspects t o  take no t i ce  of, l i k e  the  concentration of the labour f a c e  i n  
a smaller number of  sectors during the  l a s t  21 years i n  the  FRO. The 
sec tws  19,21,24,49,41,49,58,51 had a percentage ahare of 41.99 X i n  
1969 o f  a11 employed poople, t h i s  share increased t o  55.92 X i n  1999. 
But s t ruc tu ra l  change not only occurs i n  the i n t r s e c t a a l  mvsmnts  but 
i n  the sectors themselves. I f  s ing le  sectors grow t oo  large i n  the 
chosen c lass i f i ca t ion  there i s  the danger of  loosing i apw tan t  i n f a u -  
t ion,  because o f  the  in t rasec to r r l  change cannot analyzed. F a  long-run 
analysis of  s t ructura l  change t h i s  development a h w l d  be a n t i c i p a t d  t o  



the extent, that  probable growth areas should be w w a t d  f roa the 
rest. I f  a restructuring of the whole sectw c lassi f icat ion i s  necessary 
rids further discussions, but that  the cur rmt  c lassi f icat ion i s  not 
the optimal one fw  analyzing the future developamts i n  the f i e l ds  of 
~ i c r w l e t r o n i c s ,  robotics, mvironmental industries, telecommunications 
m m s  quite obvious. Since the cu r rmt  debate concmtrates vwy  u c h  on 
high-technology developments, which rhons a d e f i c i t  of information, t h i s  
i s  a problem, which have t o  be solved i n  the near future. M e l b u i l d e r s  
r h w l d  have t h i s  i n  mind, whm star t ing t o  develop a l u g e  model, be- 
cause much ef for t  could be spoiled, i f  we produce i n f w m t i o n  whwe i t  
i s  are not most needed and the ef fects on the remaining part of the 
model cannot be n ~ p l e c t d .  

As L m t i e f  (1971) stressed i n  h i s  presidential address t o  the 
h r i c a n  Economic Aswciation, w need more re l iab le  data, and m ned, 
i n  my opinion, better nethods t o  ident i fy  structural pattern before m 
star t  t o  formulate our theoretical assumptions. Accepting Kaluns thesis 
(19821, .... uncwtain data i ap l i es  m uncertain model ... i t  f o l l m  
that any s ta t i s t i ca l  procedure which gives unique answers (mathetical 
special cases aside) must be pervaded by prejudice. The technical pro- 
blem i s  t o  ascertain what .pac i f i c  assumptions, umually mll hidden, 
constitute the prejudice. I venture t o  guess that tracking down the 
prejudices w i l l  turn out t o  be an extraordinary rewarding mter- 
priw....(163) There i s  mch t o  do... 
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THE ESTIMATION OF THE SECTORAL WAGE EQUATIONS 
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1 . INTRODUCTION 

Many of the changes in the structure of economic variables are driven 
by the relative price vector--either the production or the consumers' price 
vector. Therefore, a description of the price formation process is needed in 
order to explain the complete effects on the real variables that originate 
from shocks on the nominal side (prices and costs). In this paper we deal 
with the construction of the price side and the estimation of the wage equa- 
tions for the dynamic econometric interindustry forecasting model, which is 
part of the INTIMO model of the Italian economy. The INTIMO model is itself 
part of the INFORUM international input-output forecasting system. In Section 
2, the structure of the real side of the model is briefly described, while 
Section 3 deals with the price side and the wage equation. 

2. STRUCTURE AND SOLUTION PROCEDURE 

Any model is based on a description of the economy studied. Macro models 
rely on the summary descriptions provided by the tables of national accounts; 
input-output models rest on the expansion of these accounts to distinguish 
types of products and the users of each product. 

Figure 1 shows schematically the table used for the real side of the 
Italian model. The output of the economy is divided into 44 branches or 
products. The sales of each of these branches in a particular year are shown 
across a specific row of the table in Figure 1, in columns corresponding to 
each buyer. There are a total of 114 of these buyer columns. The elements 
to the right of the double line in Figure 1 represent final demands. The sum 
of all the final demands is the gross domestic product. 

If the demand relationships explaining the components of GDP are disag- 
gregated into a highly detailed set, the flows of income towards the expendi- 
ture flows must be generated. In this process a major role is played by the 
relative price vector. The simulation of the real side can be run under 
specific assumptions regarding relative prices. But we can also make such 
prices endogenous and calculate them simultaneously with the real side. 

For such purposes it is convenient to explain the whole set of prices on 
the basis of the costs in individual sectors, according to the equation 

where A is the coefficient matrix, p the price vector, and v the unit value 



FIGURE 1 The r e a l  s i d e  of INTIMO. 
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added i n  c u r r e n t  p r i c e s .  Matr ix A( t )  can be s p l i t  i n t o  two p a r t s ,  a  domest ic 
p a r t  D( t )  and an imported p a r t  M( t ) ,  s o  t h a t  e q n . ( l )  can be r e w r i t t e n  a s  

where f  is  t h e  p r i c e  vec to r  of imports.  For t h e  base y e a r ,  t h e  matr ix  M i s  
a v a i l a b l e  i n  I t a l i a n  n a t i o n a l  input-output accounts  s o  t h a t  t h e  problem i s  t o  
f i n d  a  method t o  update such a matr ix  f o r  t h e  fo l lowing years ,  given t h e  f a c t  
t h a t  a  s imple c r i t e r i o n  t h a t  updates t h e  components of matr ix  M propor t iona l l y  
t o  t h e  change of t o t a l  imports i s  not  adequate. A r u l e  is needed t h a t  ass igns  
t h e  h ighes t  percentage i n c r e a s e s  t o  c e l l s  t h a t  i n i t i a l l y  had low import pene- 
t r a t i o n  and recognizes t h a t  zero i n i t i a l  p e n e t r a t i o n  probably meant t h a t  i m -  
p o r t s  were not  f e a s i b l e  f o r  such c e l l s .  Such a r u l e  is  given by t h e  formula 
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where y i t  i s  t h e  f o r e c a s t  of t o t a l  impor ts  of product i a t  t ime t from t h e  
r e a l  s i d e  of t h e  model, x  is  a f o r e c a s t  of input-output f lows,  and mi jO 
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The u n i t  va lue  added i n  c u r r e n t  p r i c e s  is given by: 

where Vi i s  t h e  l e v e l  of va lue added by product i n  c u r r e n t  p r i c e s  i n  s e c t o r i  
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FIGURE 2 Share revision function. 

and qi represents the current sectoral output in base-year prices. The sec- 
toral value added by product, V, is determined starting from the base-year 
value added matrix. Such a matrix, which is given in Italian accounts for 
44 sectors and seven value added categories, is determined on the basis of 
the establishment. 

First, we reconstructed the production transfers matrix in order to cor- 
rect the value added matrix by product. During the simulation this matrix 
is updated year by year according to the rate of change of the corresponding 
sectoral output. The value added in current prices is then determined, im- 
parting to each component of the matrix the rate of change forecast by the 
behavioral equation of the corresponding value added component. Schematic- 
ally, the price side of INTIMO is shown in Figure 3. 

FIGURE 3 The price side of INTIMO. 
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3. THE WAGE EQUATION 

The economet r ic  p a r t  of t h e  nominal  s i d e  d e a l s  w i t h  t h e  s p e c i f i c a t i o n  
and e s t i m a t i o n  of t h e  va lue  added components of t h e  b e h a v i o r a l  equa t i ons .  I n  
t h i s  pa rag raph  we s h a l l  r e f e r  s p e c i f i c a l l y  t o  t h e  r e s u l t s  o b t a i n e d  f o r  t h e  
wage equa t i on .  A  manufac tur ing  wage e q u a t i o n  was f i r s t  e s t i m a t e d  t o  rep re -  
s e n t  t h e  wage r a t e  toward which s e c t o r a l  wage t e n d s  i n  t h e  l ong  run .  The 
wage r a t e s  i n  each i n d u s t r y  a r e  t h e n  e s t i m a t e d  r e l a t i v e  t o  t h e  manufac tur ing  
wage and on l y  t r a n s i e n t  f a c t o r s ,  such  a s  t h e  r a t e  of change of o u t p u t ,  a r e  
a l lowed t o  a f f e c t  t h e s e  r a t i o s .  

The manufac tur ing  wage e q u a t i o n  is a s  f o l l o w s :  

l o g  (WM/EM) = a l  l o g  PRODM ( t )  + a 2  l og  PRODM ( t -1 )  

+ a 3  l o g  P ( t )  + a 4  l o g  P ( t -1 )  (4 )  

where WM r e p r e s e n t s  t h e  manufac tur ing  wage i ndex ,  EM t h e  manufac tur ing  employ- 
ment i ndex ,  PRODM t h e  l a b o r  p r o d u c t i v i t y ,  and P t h e  consumers' p r i c e  index.  

The r e l a t i v e  wage equa t i on  was s p e c i f i e d  a s  

where W r e p r e s e n t s  t h e  i t h - s e c t o r  wage i ndex ,  e  t h e  i t h - s e c t o r  employment 
i i 

i ndex ,  ( A q i ( t ) / q . ( t ) ) t h e  pe rcen tage  change i n  c o n s t a n t  p r i c e  o u t p u t  of s e c t o r  

i, and ( A e i ( t ) / e . )  t h e  pe rcen tage  change i n  employment of t h e  i t h - s e c t o r .  Re- 

g r e s s i o n s  were run  on t h e  b a s i s  of d a t a  on wages i n  c u r r e n t  p r i c e s  f rom 1971 
t o  1980 f o r  40 input -output  s e c t o r s ,  employment, and c o n s t a n t - p r i c e  o u t p u t s .  
For t h e  manufac tur ing  wage e q u a t i o n  t h e  d a t a  f o r  t h e  20 manufac tur ing  s e c t o r s  
were agg rega ted  o u t  of t h e  44 input -output  s e c t o r s .  The r e s u l t s  ob ta ined  a r e  
shown i n  Tab le  1.  Wage s e c t o r  36 i s  t h e  r e s u l t  of t h e  a g g r e g a t i o n  of i npu t -  
o u t p u t  s e c t o r s  36-41. 

The goodness of f i t ,  a s  exp ressed  by  R~ c o r r e c t e d ,  i s  g r e a t e r  t h a n  0 .70 
i n  14 e q u a t i o n s  w h i l e  i n  10 wage e q u a t i o n s  i t  i s  l e s s  t h a n  0.50. I n  t h e  
m a j o r i t y  of s e c t o r s  (28 ) ,  t h e  i n t e r c e p t  appea rs  s e n s i b l e  i n  terms of S t u d e n t ' s  
t - s t a t i s t i c .  The e f f e c t  of t h e  r a t e  o f  change i n  employment on s e c t o r a l  
wage a p p e a r s  n e g a t i v e  i n  15  s e c t o r s  o u t  of t h e  36,  b u t  f o r  o n l y  f i v e  of them 
was t h e  S t u d e n t ' s  t g r e a t e r  t h a n  2. The e f f e c t  of t h e  r a t e  of change i n  out -  
p u t  i s  n e g a t i v e  i n  22 s e c t o r s  b u t  t h e  t - t e s t  is g r e a t e r  t h a n  2  i n  o n l y  e i g h t  
cases .  A  v e r y  low t ime e f f e c t  was d e t e c t e d .  Tab le  2  shows a  d e t a i l e d  r e s u l t  
of t h e  r e g r e s s i o n  f o r  some wage s e c t o r s .  

A  s i m u l a t i o n  o f  t h e  e n t i r e  model was performed u s i n g  t h e  c o e f f i c i e n t  
shown i n  Tab le  1 .  The r e s u l t s  ob ta ined  f o r  t h e  r e l a t i v e  wage i ndexes  a r e  
shown i n  Tab le  3. F i n a l l y ,  a n  agg rega ted  summary of t h e  r e s u l t s  ob ta ined  
f o r  t h e  r e a l  and p r i c e  s i d e s  is shown i n  Tab le  4. 



TABLE 1 Summary of estimation results for the sectoral 
wage equations. 

S E C T O R  I n t e r c e p t  

. . - , . ,  
7 - Non Ferrous o res  .................. 2.213 
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TABLE 2 Regression results for sectoral wages. 
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u a c r l  dependent  v r r r a b l .  - - - - - - - - - & 0 0 9 1 9  

d a t a  a c t u a l  D red lC  m1SS 
i s  . 1 s  4 1% a-D . 

71 1.21 ;:;; 72 1.25 - --- =.a 
73 1.17 1.16 0.01 __--- 
76 1.06 1.06 0.00 
75 1.GO 0.98 0.02 
76 G.03 0.97 -0.06 
77 0.8e 0.95 -0.07 
7a 0.37 0.91 -6.03 
77 0.3' 0.85 0.03 
80 0.e: 0.70 0.06 ,' 

d a t e  a c t u a l  p r e d i c  m i s s  
i s  . i s  i s  a-D . 

0.701 0.887 0.983 1.079 

s e c t o r  1 0  m e t a l  p roduc t .  

see = 0 . 0 l e 0  r s s r  = 0.73?6 r b a r s u r  = 0.6006 
r h o  . 0.239 d r  = 1.523 r a p e  . 1.61 

v a r i a b l e  repre%-c0. t  std..rror t - v a l u e  
i n t e r c e p t  1.667255 0.216518 7.7721 
Y D ~ ~ D  c.017507 0 .616577 o .ozas  
Vnq C.117833 0.161315 0.7305 
11.. -0.008b6° 0 .002796 -3.03C8 
u a q r l 0  d e ~ e n d e n t  v a r i a b l e  - - - - - - - - - 

a c t u a l  D r e d i c  n l s s  
i s  1 s  1 s  a-D . 

1.09 
i . o r  1 .a6 
1.00 1 .  -0.03----:---:---- 
1.02 1.03 -0.02 
1.02 1 .C2 0.00 
1.01 1.00 9.01 
1.01 1 .00  0.01 
1.01 1.60 0.01 

a c t u a l  D r e d i c  m i s s  
1s  . 1s  4 1s  a-D . 

0.009 1 .010 1 . o ~  i . c s a  

r e c t o r  1 ~ e t r o l e u m .  g e e ,  r e f r n r n g  

see ' C.0306 . r s s r  = 0.6661 r b r r s o r  r 0.4695 
r h o  =-0.230 du = 2.650 aa.. = 2.52 
variable reqres-c0. t  s t d .  e r r o r  1 - v r l u .  
i n t e r c e p t  1 . I 2 2 8 3 9  0 .388080 2 .85?3 
Y D ~ ~ D  0.2626C3 1.193701 9.2190 
VDq 0.325003 0.111301 
tlrn. 

2.0253 
-0.002°78 0.004977 

waqr r  
-0.5Oe3 

dooendont  v a r l a b l .  - - - - - - - - - 

d a t e  a c t u a l  D r e d i c  * ~ s s  
1 s  . 1 s  4 1 s  a-D . 

73 C.ie 

7C C.01 9.93 -0.02 
77 0 .91  1.88 0.04 
72 0.89 0 .91  -0.02 
77 G.E7 0.89 -0.02 
?O 0 .84  0 . e ~  -0.01 

Q a t e  a c t u r l  D r a d i c  miss 

1 s  - I S  I ,  a-D . 
0.315 0.85L 0.892 0.531 



TABLE 2 (continued) . 
.,,!cl,#,r 1 4  

s*. = 
r h o  = 0.1 ;6 d u  

v r r l a h l o  
,"t.?CODt 
v o o n o  
" P a  
t L " E  
ua:r l4 

, A ~ ~ . , , T  v t ' l s ~  c. l v a  

0.0230 r s q r  = 0.0151 r h a r s s r  z d . E 7 2 t  
= 1.728 J a p e  = l . " d  

r e g r e s - C O C ~  s t d . e r r o r  t - v a l u e  
2.91CO03 O.ZL2lf lS 1 2 . 0 : l l  
0.6501ac O . L Z O C Z ~  1 . 6 ~ 6 6  

-G.lLVQ;a O.ZIEV06 -0 .0275 
-0.02LaS1 0.OC5l0G -7 .3210 

d e p e n d e n t  variable - - - - ' - - - - 

a c t u a l  

8 e C O C r  1 7  m i l l  

so. = 0.0270 r s u r  = O.79Gl r b a r s q r  = 0.6852 
r h o  = 0.019 d u  = 1.961 a a o e  = 2.41 

v a r l a b l e  r 0 g r . s - c o o (  s t d . . r r ~ r  
Xnt.rc.Lt 

t - v a l u e  
0.250115 

m e a n  
0.287502 O.OC24 

voemu 2.036014 
1.0000 

1.263610 
V O q  -C.634656 

2.5215 0.0032 

t i n .  
O . l P ? V l L  -3.2720 

C.009263 
0.0551 

u a g r 1 7  
0.003790 2.6441 

d.u.nd.nt v a r i a b l e  - - - - - - - - - 75.5000 
0 .93528 

d a t e  a c t u a l  D r e d i c  m ~ s s  
a . i s  i s  a - p  . 

75 0.8: 0.e3 
76 0.85 0.00 -0.04 
75 1.00 0.90 0.01 
78 0.06 C.94 0.01 
77 6.9e 0.95 0.03 
7e 6 . 0 0  0.96 0.03 
79 6.97 1.OC -0.03 

, 0 C.04 0 .06  -0.01 
d a t e  a c t u a l  ~ r o d ~ ~  ~ X S S  

I ¶  . is 4 ~ s  a - 0  . 
s e c t o r  1Y b e v e r a g e s  

s.. = 0.0505 r s q r  = 0.6006 r b a r s q r  :.535° 
r h o  s-3.317 dw = 2.633 a a u o  = 2.41 

v a r l a h l .  r e q r . s - c o e t  s t d . e r r o r  t - v a l u e  mean 
I n t O r c O D t  -C.S82515 0.301727 -r) .O?15 1 . g J o c  
v e O s D  - 2 . 2 0 6 3 4 2  1 .55567L - 1  .L!67 -0.001 7 
vDC -'G.COBZXL 0.176705 -0 .5558 0 .0070 
t i m e  C.Gl7L;O O.OC5160 3.3796 75.5000 
v a ~ r l 9  d o ~ e n d e n t  v a r l a b l .  - - - - - - - - - 0.75150 

d a t e  a c t u a l  e r r o l c  miss 

1 s  . 1 s  ' 1 s  a -D 

d a t e  a c t u a l  ~ r 9 d ~ c  ~ X S S  

x . x 1 s  a - D  . 
0.852 3.883 0.914 O.qL6 



TABLE 2 (continued). 

. ec to r  23 e l e c t r i c a l  good. 

ant. a c t u a l  cr.d1c miss 

mwctor  29 t r a d e  

sew ' O.OlC9 r s q r  . 0.6234 r b a r s g r  = 0.4350 
r h o  '-0.394 d u  = 2.787 a a ~ a  G.88 

v a r i a b l w  r . q rws -co~9  s td . . r ror  t - v a l u e  
i n t e r c e p t  0.754008 0.118927 6.3401 
VD~IIO 0.381723 0.269C80 1.4144 
'JDQ -0.223578 0 .178621 
t1.l. 

-1.2517 
0.002022 0.001606 1 .a191 

u a g r 2 9  dependent  v a r i a b l e  - - - - - - - - - 

d a t a  a c t u a l  ~ r - d i c  mxss 
1. . 1 s  + 1 s  a-D . 

71 6.94 0.05 -0.01-- 
72 0.94 0.06 0.01 
73 0.97 0.06 U.Cl 
76 0.96 0.97 -0.02 
75 1 .oo 0.99 0.01 
76 0.96 0.06 -0.00 
77 G . 9 Z  0.08 0.00 
7e 0 . 9 t  0.93 0.00 
79 0.90 0.VC 0.02 
30 0.97 0.99 -0.01 

d a t e  a c t u a l  D radxc  n l s s  
I S  . 1s  1s  a-p . 

0.038 0.951 0.064 0.977 

secror 31 in land rznnapa:: 

1.0 . 0.0405 r s q r  = 0.7421 r b a r s g r  0.6131 
r h o  = 0.138 dw . 1.723 aav. = 3.34 

v a r l a a l .  r0qr.s-c0.1 s td . . r ror  t - v a l u e  
~ n t . r c . ~ t  2.8832011 0 .490270 5.8e09 

d a t e  a c t u a l  o r e d i c  m i ss  
i s  1s + i s  a-0 

0.924 0.974 1.024 1.675 



TABLE 3 Simulation r e s u l t s  f o r  sec tora l  wage i ndex .  

P R E V I S I O I E  . L T A L I A  1 7  DEC 1 9 8 1  _ _  SER 1ES l N D l C  1 DE-I _GALA 
BRANCHE D l  0 . . 1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 8 1  1 9 8 3  1 9 8 5  ---- ---- ---- ---- ---- ---- ---- ---- -.. . . . 

. .. ~ . 
---- 

1 ACR1COLTURA.SILV. P E S  1. 00 . 1 1 6 4  1. 9 1  . .  2. 3 1  . 2. 9 0  3. 5 7  5. 2 6  - 7 .  9 9  
2 CARBONE. L I G N I T E .  ACCL . .  1 . 0 0  1 3 0  . . 1.62 1. 7 6  - 2 .  03 2. 4 7  3. 1 2  - - -  4 1 8  5 .  7 0  
3 PROD. COKEFAZIONE 1 . 0 0  1 0  1 . 4 8  1 . 6  1. 9 4  2 . 3 9  2 . 3 4  3. 3 4  4.  7 1  

H l N  HETAL.  FER. E NON 
M I N .  E PRDD NON METAL------ 
PROD C H l M l C l  E FARHA . . 
PROD I N  HETALLO 
MACCH. ACR I C .  E INDUST 
HACCH. UFF,  PRECIS, O T T -  
HATER. FORIJITURE EL E T  
AUTOVEICOLI  E HOTORI 
A L T R I  M E Z Z I  D l  TRASP 
CARNl  FRESCHEhCONSER 
LATTELPROD. DER 1 V A T l  
A L T R I  PROD. ALIKENTAR 
DEVANDE A L C O L I C H E U O .  
TABACCHI LA'JORATI . . 
P R O D . T E S S l L 1 L A B B I C L - ~  
CUOIO E CALZATURE . 
L E C N O L H O B l L l  I N  LECN ~ - 

CARTA. CARTOTECN, E n 1 1  
COMHA&MAT.PLASTlCHE - 

ALTRE INDUSTR. M A N I F  
COSTRUZlOI41 E 00. PP  . . 
DEN1 RECUPERO. R I P A R A  - 

COnMERCIO - . -~ 
ALDERCHI. PVBBL. ESERC 
TRASPORTI  INTERN1  ~ .--- ~ . 
TRASP. H A R I T T I t i l L A E R E  . . 
A T T I V I T A  COI4N. TRASPO --- 

COMUNlCAZ lON l  . ~ 

C R E D I T 0  E ASSICURAZI . .  . . 
S E R V l Z l  A L L €  IHPRESE 
LOCAZIONE D l  FABBRIC  . .  
SERV. INSECNAH. DS. VE. . . 
S E R V I Z I  SAIdIT.  DS. VE 
SERV. R ICR.  L C U i T  DS. V 
SERV. GENERAL1 P. A. . 
SERV. 1 tlSECt4kH. NDS. VE 
SEIIV. S A N l T k R  1 NDS. V E  

4 4  !iERV. D O t l E S T l C I & A L T R l  1.00 1. 1 6  1. 4 3  1 .  66 1. 9 6  2 . 4 2  2. 26 3. 1 6  4 .  0 9  
4 5  CALAR I PUDBL. k.MM1N. 1.00 1. 16 . .  _ 1. 4 3  1. 66 1. 9 6  2. 4 2  2 2 6  3. 1 6  4 . 0 9  

p...-..-..- ~ ~ . - ~ - -~ 



TABLE 4 Summary aggregated results of a simulation: (a) real side GDP sectors, 
(b) nominal side value added components. 

(1) . - 

PREVISIONE. 
SETTORE. . - 

PRODOTTO INT. LORD0 

SERVIZ I NDEST. VENDIT 
SERVIZI SANITARI 
CONSUnI COU PRIVATl 
CONSUUI DELLE FAnICL 
ESPORTAZlONI 
IUPORTAZIONI 
VARIAZIONI DELLE SCQ 
INVESTIHENTI FISSI L 
OCCUPAZIONE INTERtIA 

(b) 
PREVISIOPIE. 

BRANCHE D I  0 

REDDITO NAZIONALE 
SALARI & STIPEI4DL L 
ONERI SOCIAL1 
ALTRI REEDIT1 
AnnoR~Anm~ I 
InPOSTE 1I.IDIRETTE . 
IVA SULUI PRODUZICN 
CONTR IBUTI ALLA PRO. 

ITALIA 17 DEC 
75-76 76-77 77-78 
- - - - - - - - - - - - - - - 

3 . 3 4 -  4 6 4  1.53 
3 47 5.35 1. 57 
3 64 2. 00 0. SO 
3.64 2 00 0. 50 
3.64 1 67 0 83 
3 64 2 00 0 50 
3 37 2 .20  2 97 

1 1 9 1  - 9.88 2 1 7  
13.09 0 . 1 2  2.90 
0 09 - 65 97 -25 83 
1.32 0. 47- -0.21 
0. 50 0. 53 0. 71 

TASSI DI  CRESCITA RISULTATI ACCREQ . 
80-81 81-83 83-85 83-99 7S3Q - - - - - - - - - - - - - - - - - - - - - - - - - . - 
-2 53 2 43 4- 16 2.83 2 £17 
- 3 1 4  2.37 _ 4 4 0  2 7 1  .--_ 2 9 2  
0 40 3 .80  3. 53 3. 11 2. 5 1  
2. 79 2. 82 2. 67 3.3B- 2 53 
0 41 2 14 4.03 2 33 - 2.11 
0 .41  2 27 2. 59 3 25 2 24 
0 .43  3. I ?  2.82 2.93 3 01 

-6 23 1.47 5. 52 2 50 3 34 
-2. l a__  2. 10 3. 44 - 2.46 _- 3 28 
0 0 9  0 .09  35 .18  - 6 3 1  0 0 0  

-3 18 -1 72 5.42- . 2.90  - 2 42 
-3 19 -1.2s -.. 1 33 Q-54. ._ Q 21 

ITALlA 17 DEC TABS1 DI CRESCITA. CONTI NAZlONALl 
75-76 76-77 77-78 78-79 79-80 89-81 81-83 83-85 83-90 75-90 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 
17 35 18 77 13.86 _ _ l a  34 1E.03__ -.7.99 I S  66 17 50 15, 19 15 70 
19 31 24 26 15 38 18 16 21 07 1.33 16 Q9 17 76 14 37 15 94 
26 37 16 73 18.36 24.43 21.6% 16 3 2  19. l a  21.45 . _ 17 93 - 19 6b  
14 71 16 31 14 18 _. 18. 22 14 81 10.26 14. 46 13 62 14 68 14 80 
3 71 . 5 78 2 46 6 72 - 2.77 -2. 82 2.56 - 4.40 -. 2.70 - 3 07 

15 41 17 66 -1  56 . 12 7 1  13 60 11 3 4  15.03 1 x 9 7  - 14.94 - 13 72 
15 96 16 47 13 37 19-11- 15.45 11. 11 15 07 . 1 6 . 3 3  13. 16 1 5  34 
15 49 - 17 2 1  14 39 18 60 14 78 8 30 14. 53 15 89 14 75--. 14 89 
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THE TREATMENT OF FOREIGN TRADE IN THE 
HUNGARIAN INFORUM MODEL 

Andras Simon 
Institute for Economic and Market Research, Dorottya u. 6 ,  1051 Budapest, Hungary 

1 INTRODUCTION 

This paper is one of a series describing the various blocks of an input- 
output model of the Hungarian Yconomy that is being built as part of the INFORLJM 
international system of models 

One of the aims of the foreign-trade model block is to capture those 
determinants of Hungarian exports and imports that a re  likely to shape the 
future development of Hungarian foreign trade and to set up econometric equations 
for forecasting trade. Another objective is to analyze past developments in the 
structure of Hungarian foreign trade to discover whether, and in what ways, this 
structure has responded to changes in world market o r  domestic economic 
conditions 

Hungary's foreign trade involves both the ruble area and the convertible- 
currency area,  but economic conditions differ so much between the two that 
there a r e  hardly any common features to study. Here we will confine our 
investigations to trade with the convertible-currency area; ruble-area trade 
will be mentioned only when it has some direct connection to non-ruble trade 

2 .  COMPARATIVE COSTS AND HUNGARIAN FOREIGN TRADE 

2.1. Two ways of revealing comparative advantages in empirical models 

According to international trade theory, trade is based on comparative 
differences in the conditions of production of various goods in various countries. 
In pure theory comparative advantages of a country in producing a given good 
cannot be revealed by an international price or  cost comparison since prices 
and costs a re  equalized on the international market by competition. This line 
of thought leads to the conclusion, that comparative advantages are  manifested 
only in the international trade structure 

Depending on how information on prices is utilized in the explanation of 
trade patterns empirical studies on international trade may be divided into two 
categories. In the first category prices and costs are  not explicitly included 

l ~ b o u t  the INFORLJM - Project see Almon - Nyhus (1977) 



into the models .  Comparative advantages a r e  revealed by the t rade s t ructure 
and the explanation of the patterns of t rade is provided by the Hekscher-Ohlin 
theory: s ince the relat ive requirements of capital and labor in the productive 
p recess  is assumed to vary among products. but not among countr ies,  the pr imary 
explanation of international t rade is to be found in inter-country di f ferences in 
relat ive endowments of capital and labor.  

2 

In studies belonging to the second category pr ices o r  costs  a r e  explanatory 
var iables of the models explaining t rade patterns. In these models there i s  no 
need for an  assumption of the Heckscher-Ohlin type but much more  is demanded 
f rom the stat ist ical  d a .  3 

In these models the validity of the one good-one pr ice theorem is 
questioned on the ground, that in empi r ica l  models goods a r e  defined as  aggre- 
gates of commodities being substitutes to some degree  but not necessar i ly per-  
fect subst i tutes.  In a model covering the whole t rade of a countrv, t rade  i s  
divided into a l imited number of commoditv c lasses  Regard less how many 
commodity c lasses  a r e  distinguished, this division can never be f ine enough to 
resu l t  in a se t  of homogenous goods. If the commodity c lasses  a r e  not homoge- 
nous goods pr ice differences may a r i s e  within a c lass .  P r i c e s  of commodities 
produced in var ious countries a r e  measured by pr ice indexes. In stat ist ics the 
weights used in the indexes a r e  t rade o r  production volumes, different weights 
fo r  each index. These weights do not necessar i ly produoe.price indexes suitable 
to indicate the relat ive competit ive positions of different countr ies in a commodity 

4 
c lass .  T o  find the cr i ter ia  for  proper weights in this respect  is qui te compl icated 
We confine ourselves h e r e  to some intuitive arguments.  Let us assume that two 
pr ice indexes have to be compared: a "world market  price" index calculated by 
using weights of world t rade and a Hungarian export  pr ice index calculated by 
using weights of Hungarian exports The  difference between the two p r i ce  indexes 
shows relat ive competit iveness, if the goods included into the world marke t  index 
a r e  substitutable with those included into the Hungarian export pr ice index. In 
addition it is des i rab le  that demand for  the commodities included into a commodity 
c lass  have roughly the s a m e  pr ice elast ic i t ies.  Let us s e e  an  example where a 
pr ice index comparison i s  meaningless. Agricultural goods a r e  an aggregate of 
nearly-homogenous goods which cannot be o r  can hardly be differentiated by 
countr ies of or ig in.  Here di f ferences in the pr ice indexes of var ious countr ies 
show only the different s t ructure of their exports.  If corn predominates Hungarian 
expor ts ,  the export pr ice compared to the wor1.d market  pr ices of agr icul tural  
goods in general  will hardly say anything about the competit ive position of Hun- 
gar ian exports.  In other commodity c lasses  goods of different countries within 
a subgroup may be non-perfect substitutes and substitutabil i ty a c r o s s  subgroups 
may be considerable too. In the c a s e  of s tee l  products for  example it i s  c lea r  
that however f a r  we go to a fine commodity classif ication containing such subgro- 
ups a s  rol led bars  o r  sheets  it would be found that qualitative di f ferences among 

2 ~ o r  a deeper understanding of this approach and l is ts  of the r i ch  bibliography 
on the topic s e e  the pioneering works of Ba lassa (1965, 1979). 

3 ~ u c h  a t rade model was developed f i rs t  by Armington (l969a, l969b) 

4 
See Leamer and Stern (1970), pp. 41-48. for a prec ise discussion of the 

problem. 



the products produced by var ious countr ies within the subgroup s t i l l  prevent 
these products to be considered a s  perfects subst i tutes.  On the other hand, 
substitutabil i ty between subgroups a s  rol led b a r s  and rolled sheet is substantial, 
near ly a s  large a s  that among products of different countr ies within a subgroup. 
Th is  a s s u r e s  that differences in the pr ice indexes indicate changes in the relat ive 
competit ive positions ra the r  than being simply resu l t s  of differing product mixes. 

2 .2 .  P r i ces ,  costs  and the Hungarian t rade s t ructure 

In this paper we take the second approach descr ibed in Section 2.2 when 
examining the development of the Hungarian t rade s t ructure a s  a resu l t  of the 
changing pattern of comparat ive advantages. 

Th is  approach assumes  that exports of an industry a r e  determined by the 
following general  relationships: 

e = f (pe/pe dw) 
W' 

e = f (pe/c) 

where 

e = exports 
pe= export pr ice index 
pew = price index of compet i tors on the world market 

dw = world demand indicator 
c = index of costs  of the exported goods. 

The f i r s t  equation may be defined a s  a demand equation, the second a s  
a supply equation, and q and E a r e  endogenous var iables of the system.  
Unfortunately, we have not stat ist ics on e e  and E separately.  Thus the relation- 
ship investigated in this paper is the following reduced form: 

e = f ( p e  c ,  dw) 
w ' (1) 

Supply of imports is considered infinitely elast ic and imports a r e  assumed 
to be determined by demand: 

m = f (pm,  c ,  dd) (2) 

where 
m = impor ts  
pm = pr ice index of imports 
c = index of costs  of imporl substitutes 
dd= domest ic demand indicator. 

69 inputoutput sec to rs  a r e  distinguished in the model, 35 of the sec to rs  
a r e  industr ies producing internationally t raded goods. 

Equations (1) and (2) could have been used a s  prototype equations to be 
est imated sector  by sec to r  to se t  up the t rade bloc of the input-output model. 
Instead of doing so,  we f i r s t  calculated some synthetic indicators for total exports, 



imports and total trade to see if the pattern of b e e  variables showed any sign 
of response on price-cost developments. Then a sector-by-sector comparison 
follows between comparative costs and trade dynamics. 

International Price Data. Unfortunately, our information on prices is partly 
related to pe, partly to e e  . Export and import price indexes are  available for 

W 
a nine industry breakdown and producer's price indexes a re  available for  several 
countries of the INFORUM system in a more detailed breakdown. It would be 
simple to consider the average of the producer's price indexes of our main 
trading partners as  international prices of our competitors. In this case, how- 
ever, we had the problem that the structure of Hungarian exports within a sector 
differs too much from that of output in the trading partner countries. Therefore 
we rather considered Hungarian export price indexes a s  an approximation of the 

prka cf competitors. Ratios of producer's prices of the trading partners were 
used only in the further breakdown of prices in the nine industry aggregates, 
where no other information was available. A similar approach was adopted in the 
construction of the import price indexes. 

Domestic Cost Calculations . It would be very straightforward if we were 
able to use Hungarian producers' prices as  an indicator of costs; unfortunately, 
however, the Hungarian price system is not suitable for this purpose. It has 
altered frequently over the past 20 years, but in most cases this was the result 
not of changing real costs but of changes in the tax and subsidy system. 

To examine the development of costs over time, a calculated price system 
was set up. This price system is based on two primary cost factors: labor and 
capital. Labor costs are  evaluated at a wage rate moving along the trend value 
of total real consumption. Connecting wages to consumption in this way ensures 
that the price level will remain nearly constant. Using trends instead of actual 
values excludes the effects of short-run fluctuations in income policy on costs 
and makes it easier to concentrate on long-term developments of the cost struc- 
ture. 

There a re  several ways in which capital costs could be taken into consi- 
deration. We could, for example, have set average calculated prices equal for 
every year assuming some weighting scheme, and then calculated a profit rate 
that is uniform by sectors but that changes from year to year. However, the 
method actually adopted was to calculate a uniform profit rate for the base year 
(1972) such that the average of calculated prices of traded goods equals that of 
world market prices, and then to keep this profit rate constant for every 
subsequent year. This allows some changes in the price level but makes the 
interpetat ion of changes in costs easier. 

In the calculated price system the intermediate inputs of so-called com- 
petitive goods (those that could be sold or  purchased on the world market) are 
valued at foreign trade prices. In our input-output model we have to assume 
that industries are  homogeneous in the sense that, in those sectors where exports 
and imports a re  nonzero, all goods are  assumed to be competitive. 

As our objective was a relative price-cost comparison, we multiplied 
world market prices by a calculated exchange rate index that keeps world and 
calculated price levels equal. 

With these principles in mind, the following calculations were carried 
out. For the base year (1972) the following equation system was solved for the 



profit rate (v) and the calculated prices (pc.), with the calculated exchange rate 
index (r)  set equal to one: 

PCi=  P . .  a .  + pc. . a .  + v .  capi + w . e m p  
j~ I I1 J NT 1 11 

i 

where 

i = 1, 2, . . . ., 79 denotes the sectors, 
pci = calculated prices, 
expi = exports at constant domestic prices, 
impi = imports at constant domestic prices, 

pei 
= export price index, 1972 = 1 measured in forints, 

pmi 
= import price index, 1972 = 1 measured in forints, 

pwi = average world market price index, 
a.. = input-output coefficients, 

11 

T = index-set of the trading industries, 
NT = index set of the nontrading industries, 
capi = fixed capital stock/output at constant prices, 
v = profit rate, 
emp. = employees/output, 
w = wage rate, and i 
r = calculated exchange rate index, 1972 = 1. 

The solution obtained fo r  the profit rate (v) was 0.20 , At first glance 
this may seem too high, but it can be fairly easily explained. F i rs t ,  it includes 
depreciation costs. Second, owing to peculiarities of the price system used to 
measure wages via total consumption, the share of wages in value added is 
relatively low. Further refinements could certainly be made in the weighting of 
cost factors, but we feel they would probably not significantly al ter the results 
of our analysis. 

Having fixed the profit rate on the basis of 1972, we proceeded with 
calculations for the other years. As explained above, fo r  years other than the 
base year v is kept constant (=0.2) and the system is solved for pc. and r. 

2.3. Terms of Trade 

Let us consider the following expression as  an indicator of changes in the 
total terms of trade: 



1 p m i  . imp 1 pci . imp i 
1 .1 - 
r 1 impi 1 impi  

i i 

The variables used have been derived in Section 2.2. Calculated pr ice indexes 
a r e  deflated to be equal to 1 in 1972. In general, the higher this indicator the 
more favorable a re  the contributions of international price and domestic cost 
developments to the gains from international trade. The index does not show, 
however, the absolute level of gains from trade. 

Before going on to evaluate the results,  we must make some remarks on 
the limitations of the method used. 

The most unrealistic assumption of the input-output model is that of the 
homogeneity of sectors. If we were to accept this assumption fully we could not 
explain the existence of both exports and imports within a given sector.  One 
refinement would be to assume that exports, goods for domestic use, and imports, 
w i t h  in  t h e  s a m  e i n d u s t r y  a r e  substitutable and that their prices a r e  
related to their rates of substitution. This would mean that costs per unit of 
output would be roughly the same for exports and import substitutes. In fact, 
this formulation is particularly inappropriate for the Hungarian input-output 
table, where goods for domestic use, exports, and imports a r e  valued at  prices 
almost totally unrelated to their rates of substitution. 

To minimize the effects on our indicator of different cost/output levels 
ar is ing from distortions in the measurement of output, calculated prices were 
all deflated to a 1972 basis. This procedure excludes any effects of differences 
in the cost levels of various industries on the dynamics of trading gains. 
(Shifts of the overall export o r  import structure toward sectors with different 
cost levels may have such effects.) 

The indicator can be usefully reformulated as  follows: 

1 pci . imp i 

price terms of 
trade 

cost terms of 
trade 

This emphasizes the fact that te rms of trade in a broader sense depend 
both on the p r i c e  te rms of trade-what we normally imply when we speak of 



t e r m s  of trade-and on the corresponding c o s t  te rms  of t rade. In theory, each 
of these would consist  of the pr ice (o r  cost )  effect proper and a s t ructura l  effect. 
In pract ice,  however, owing to the l imitations of our input-output method, the 
cost  effect in the second term is not measurable,  and we a r e  only able to capture 
the effect on costs  of changes in t rade s t ructure.  Changes a r e  regarded a s  
favorable if exports have shifted to industries with low cost  dynamics and imports 
to industr ies with high domest ic cost dynamics. 

Table I shows the dynamics of the various components of the te rms  of 
t rade indicator between 1965 and 1979. 

As  the data show, the total te rms  of t rade improved gradually in the late 
s ixt ies and ear ly  sevent ies,  before deter iorat ing sharply a f ter  the oil  pr ice r i s e s  
of 1973. The overal l  development of the te rms  of t rade has been dominated by 
the pr ice component (7) throughout the period studied; the cost component (8) 
has improved slightly between 1965 and 1979, but its maximum var iance has not 
exceeded 3 %. 

Let us now examine how changes in the t rade s t ructure have contributed 
to the development of the t e r m s  of t rade. For  example, it would be interesting 
to know whether the economy reacted to pr ice conditions by reducing the t rade 
shares  of goods whose relat ive pr ices changed unfavorably and increasing t rade 
fo r  industries whose t e r m s  of t rade became more  favorable. Before embarking 
on a sector-by-sector analysis,  we will f i r s t  review some aggregate resu l t s  
obtained using a short-cut method. 

Laspeyres and Paasche chain indexes were  calculated for relat ive export 
and import  pr ices.  Relative pr ices were  defined, sector-by-sector,  a s  the rat io 
of the international pr ice to the domestic cost.  Aggregating the chain indexes 
of these pr ices using t rade in the base year  a s  weights, we a r r i v e  a t  the 
Laspeyres index of pr ices. The Paasche index, which uses  the cur rent  y e a r ' s  
t rade a s  weights, will be higher than the Laspeyres index, if t rade has shifted 
to industries with increasing pr ices.  The sign of the difference between the two 
(Laspeyres index - Paasche index) for  each y e a r  gives information about the 
correlat ion of changes in sectora l  pr ices and t rade.  Table 2 shows the indexes 
for  exports and imports.  

The fourth and seventh columns of the table show the sign of the diffe- 
rences for exports and imports,  respectively. A positive sign fo r  exports means 
a favorable change in export s t ructure,  whereas a positive sign for  imports 
represents  an  unfavorable change in import  s t ructure.  

The randomness of the signs signif ies that there is no indication of any 
adaptation of the economy to changing pr ice te rms .  The s a m e  conclusion was 
drawn f rom a n  al ternat ive calculation procedure, which can be briefly descr ibed 
a s  follows. Base indexes of relat ive pr ices were  calculated using both the 1965 
and the 1979 trade values a s  weights. The d i f ferences between the two indexes 
fo r  both exports and imports lay within a range of 0 . 5  %, showing that over the 
las t  15 years  the s t ructure of t rade has had practically no effect on the te rms  
of t rade. The  detailed resu l ts  of this calculation a r e  not reproduced here.  

2 .4 .  Sectoral  Analysis 

We will now descr ibe the resu l ts  of a sector-by-sector analysis of the 
relation between export o r  import shares  and relat ive pr ices.  



TABLE 1 Components of Hungarian t e r m s  of t rade,  1965-1979. 

1 2 3 4 5 6 7 8 9 
Expor t  Import  Calculated Calculated Relat ive Relat ive P r i c e  t e r m s  Cost t e r m s  Total  t e r m s  
pr ice pr ice export import export import  of t rade of t rade  of t rade Year  

pr ice pr ice pr ice pr ice 
1/3 2/4 1/2 4/3 7 x 8  

1965 1.112 1.256 1.175 1.157 0.546 1.086 0.585 0.985 0.871 
1966 1.000 1.157 1.066 1.057 0.938 1.094 0.864 0.992 0.856 
1967 1.029 1.172 1.088 1.058 0.545 1.116 0.678 0.965 0.847 
1968 0.051 1. 086 1. 017 1.020 0.935 1. 058 0.876 1.008 0.884 
1969 1.105 1.233 1.165 1.126 0.957 1. 098 0.896 0.973 0.872 - 

w 

1970 1.146 1. 008 1.164 1.114 0.985 1. 046 0.961 0.940 
OD 

0.975 
1971 1.006 1.041 1 .029  1.030 0.979 1.008 0.976 0.005 0.971 
1972 1.001 1.000 1.000 1.000 1.001 1.000 1.001 1.000 1.001 
1973 0.909 0.960 1.072 0.940 0.987 1.001 1.000 0.976 0.850 
1974 0.896 1.046 1.001 0.886 0.595 I. 054 0.854 0.995 0.800 
1975 0.808 0.983 0.921 0.931 0.878 1.056 0.822 1.011 0.831 
1976 0.898 1.045 1.001 1.825 0.897 1.820 0.850 1.024 0.850 
1977 0.899 1.008 1.962 1.004 0.915 1.004 0.552 1.022 0.912 
1978 0.927 0.999 0.988 1.015 0.929 0.924 0.929 1. 017 0.944 
1979 0.832 0.910 0.003 0.919 0.916 0.990 0.915 1. 012 0.920 



We s e t  up a s e r i e s  of regress ion equations for  both exports and imports.  
T h e  dependent var iable was in each case  the s h a r e  of sectora l  exports o r  im- 
por ts  in the total, while the explanatory var iable was the rat io of the foreign 
t rade pr ice  to domest ic costs.  

F o r  exports,  a positive sign for the coefficient of the explanatory var iable 
indicates that the industry concerned behaved well f rom the point of view of 
comparat ive  cost  theory, expanding its export  s h a r e  when domest ic cos ts  
decreased in relation to international pr ices.  F o r  impor ts ,  a negative sign 
indicates s imi lar ly  "good" behavior. However, the resu l t s  for  imports should 

TABLE 2 Laspeyres and Paasche indexes of re lat ive pr ices 
- 

E x p o r t s  I m p o r t s  
Year Laspeyres Paasche sign. of Laspeyres Paasche sign. of 

d i f ference . dif ference 

1966 1.012 1.005 - 1.016 1.012 - 

1967 0.987 0.984 - 1. 026 1.020 - 

1968 0.990 0.988 - 0.956 0.946 - 

1969 1.053 1.053 0 1. 065 1.054 - 

1970 1.015 1.015 0 0.956 0.952 - 
1971 1.033 1.045 + 0.968 0.968 0 
1972 1.036 1.024 0.998 0.999 + 
1973 0.989 0.987 - 1.006 1.002 - 

1974 0.916 0.908 - 1.072 1.052 - 

1975 1.012 1.023 + 1.013 1.023 + 
1976 1. 016 1.036 + 1.000 0.997 - 

1977 1.025 1.026 + 0.996 0.993 - 

1978 1.022 1.022 0 0.987 0.989 + 
1979 0.978 0.982 + 0.998 0.998 0 

be treated very cautiously; while the domest ic costs  of exports a r e  m o r e  o r  Less 
measurab le ,  the meaning of the cos ts  of import  substitution is m o r e  questionable. 

F o r  exports,  seven industr ies have equations where the pr ice  var iable has 
signif icantly the appropr iate sign. The  major i ty of the texti le industry belongs 
to this group; h e r e  increasing comparat ive costs  and a decreas ing share  in total 
exports prevail.  In the pharmaceutical industry, a n  expansion i s  coupled with 
improving comparat ive costs .  

Fifteen industr ies have equations with a significantly wrong sign for  the 
pr ice  var iab le .  Machine industr ies show the most  conspicuous resu l t s .  Here  the 
rapid expansion of exports has taken place a t  the same t ime a s  a marked 
deter iorat ion in the pr ice/cost  rat io.  The c l e a r  di f ference between the direc- 
tions of the two t rends shows that the expansion of exports was not a resu l t  of 
the improving competit iveness of Hungarian goods on the world market .  On the 
cont rary ,  it actually took place against the background of a widening gap between 
Hungarian technology and world market  s tandards.  

When drawing conclusions we should of cou rse  not forget the l imitations 
of o u r  method. We cannot, for  instance, di f ferent iate between the costs  of 



production for exports and those for goods for domestic use. But as  the share 
of exports in the total gross output of the machine industries is no more than 
about 20 %, the development of the costs of "export industries1' may differ from 
that of "domestic industriesT1. However, even if these cost dynamics do differ, 
the data clearly show a relative deterioration in the international competitive 
position of the machine industry as  a whole. 

The equation results suggest that comparative costs play hardly any role 
in the determination of the structure of Hungarian exports. Machinery is a 
dynamic sector in strong world demand, whereas the demand for textiles is 
growing much more slowly. The shrinking share of textiles and the growing im- 
portance of machinery in Hungarian exports indicate that demand is more im- 
portant in explaining exports. To put it very simply, it seems that anything that 
can be sold abroad is exported, more or less irrespective of its costs of 
product ion. 

For imports, fifteen industries out of 53 importing sectors have an 
equation where the price variable has significantly the appropriate sign. All the 
machine industries belong to this group. The shares of both exports and imports 
of machine products are  increasing, indicating that the probable reasons for trade 
in machinery a re  not comparative cost differentials but product differentiation 
and economies of scale. 

Oil represents one sector where increasing prices actually played a role- 
in cutting imports during the late seventies. 

Ferrous metals show an appropriate reaction to prices for both exports 
and imports. This may demonstrate pricesensitive behavior. There is not much 
reason to think that domestic use changed markedly as  a function of world market 
prices but it is possible that trade with the ruble area was shifted from yearto p r  
to achieve gains from the price differences between the two markets. 

In other industries, even where we obtain significant coefficients for prices 
(such a s  pharmaceuticals, rubber), the explanationd imports may not lie in 
comparative costs, but elsewhere. There are  two principal non-cost reasons for 
importing goods. Fi rst ,  some goods may not be produced domestically because 
of the lack of production capacity, know-how, o r  the reguired natural conditions. 
Most machine imports, chemicals, and some foodstuffs (e. g. , coffee) belong to 
this category. Their import is dependent on the development of domestic pro- 
duction in the case of intermediate products, and of final use in the case of 
finished products. Second, some imports fill transitory gaps between domestic 
(and ruble-area originated) supply and demand. Unforeseen changes in demand 
or interruptions in supply may cause such imports. This type of situation is 
probably responsible for most of the seemingly rather volatile time series of 
light industry and some of the food industries (e.g.,  sugar). 

3 .  TRADE EQUATIONS F a  THE MODEL 

In Section 2 we saw that comparative cost theory does not seem to be 
either practically applicable or  adequate in explaining the development of Hun- 
garian foreign trade over the last 15 years. When setting up a forecasting 
model this must of course be taken into account. The main determinants of 
exports should be foreign demand and the availability of exportable goods, while 
imports a re  generally considered a s  noncompetitive and depending mainly on 



domestic activities. When applying the model for practical forecasts, it must 
also be remembered that the time horizon of the forecast is expected to be about 
ten years, in other words, not much less than the observation period. The 
economic system of Hungary changed greatly during the observation period and 
there is good reason to suppose that it may change even more in the coming 
years. For this reason it is highly probable that in some cases we will have to 
set aside behavioral equations that were valid for the past and introduce into the 
model relationships and parameters whose existence and value cannot yet be 
empirically predicted o r  tested. 

It is possible, for example, that the cost calculations of Section 2 may 
become a basis for a price forecasting model and that prices may still enter 
into foreign trade as  explanatory variables. Since 1980 domestic prices have 
already been behaving according to the calculated price model of Section 2.Their 
effect on trade decisions is still very doubtful at present, and it is an open 
question whether, in any future economic framework, relative sectoral prices 
will have an effect on the sectoral structure of trade. Research experience in 
other countries may throw some light on this area. 

3.1. Export Equations 

For exports, three categories of industries were distinguished. 
D e m a n d - P u l l  I n d u s t r i e s .  In these industries exports have a 

considerable share in total output. Production capacities are  not fully utilized so 
there a r e  no supply constraints for exports. The goods produced a re  usually 
diversified, with the consequence that market shares cannot be easily expanded 
by undercutting competitors' prices. For this reason world market demand is 
the explanatory variable for the equations describing these industries. Most of 
the light industries, a s  well as  ferrous metals, belong to this group. For the 
ferrous metals industry a relative price variable is also included in the equation. 

S u p p l y -  P u s h  I n d u s t r i e s .  In these sectors domestic output is the 
only explanatory variable. Two types of industries a re  included here. Firstly, 
there a r e  the machine industries. These are  the most diversified sectors and 
the aggregate approach of our model is probably least suited to explain their 
development. We decided to consider the development of these industries a s  
related to domestic output rather than demand, on the basis of regression re- 
sults and not a priori theory. Secondly, there a re  the other supply-determined 
export industries. These a re  usually industries of simple raw materials and/or 
they tend to export simple and homogeneous goods. Because of the homogeneity 
of these goods they can usually be sold on the world market without any disas- 
trous sacrifices in prices and therefore production capacity utilization is high. 
The share of exports in total output is sufficiently high that changes in domestic 
demand do not show up in export performance. Food and agricultural industries 
a s  well a s  some chemical sectors (e .g . ,  ferti l izers, synthetics, oil refining, 
rubber) belong to this group. Additional explanatory variables a re  included in 
two cases: relative prices in the equation for oil refining and foreign demand 
in the equation for the rubber industry. 

D e m a n d - P u l l  I n d u s t r i e s  W i t h  S u p p l y  C o n s t r a i n t s .  These 
industries mainly supply the domestic market, but they also have a non-negli- 
gible proportion of export trade. Although exports from these industries follow 



world market trends, their exports, exhibit rather large fluctuations, presumably 
because t'ney partly serve the purpose of draining the fluctuating surpluses of the 
domestic market.  In the equations, world market demand captures the long-term 
developments in these industries and changes in the sum of domestic output and 
imports reflect short- term demand shocks. 

Data on World Demand. The ser ies of models in the international INFORUM 
system would ideally seem to be the best source of data for the foreign demand 
variable of the Hungarian model. However, at the present early stage of both the 
Hungarian model and the INFORUM system it seemed simpler to use UN statistics. 
Output indexes in a 13-industry breakdown for Western Europe were considered a s  
indicators of demand in Hungary's main export markets. As exports a r e  treated 
in more  detail in the model than in the UN output statistics, the same index value 
was used w i t h  i n  groups of industries in the model. 

3 .3 .  Import Equations 

As our investigation has shown, imports do not seem to depend on prices 
It is assumed in the model that domestic sales act a s  an indicator of demand to 
explain the development of imports over time. 
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1 .  INTRODUCTION 

Changes i n  demand f o r  impor ted  commodity i a r e  t h e  r e s u l t  
o f  c h a n g e s  i n  t h e  t o t a l  demand f o r  commodity i ( i m p o r t e d  and 
d o m e s t i c a l l y  p roduced)  and changes  i n  t h e  marke t  s h a r e  o f  i m -  
p o r t s .  Changes i n  t o t a l  demand f o r  commodity i c a n  be  a t t r i b u -  
t e d  t o  c h a n g e s  i n  f i n a l  demand and t o  changes  i n  t e c h n o l o g y .  

I n p u t - o u t p u t  models  p r o v i d e  a l m o s t  i d e a l  i n s t r u m e n t s  t o  
q u a n t i f y  t h e  r e l a t i o n s h i p s  between f i n a l  demand, t e c h n o l o g y  
and t h e  t o t a l  demand f o r  a g i v e n  commodity. However, i n  t h e  
c o n t e x t  o f  a n  e c o n o m e t r i c  i n p u t - o u t p u t  model t h e  d e c i s i o n  h a s  
t o  be  t a k e n  whether  a g l o b a l  impor t  s h a r e  i s  s u f f i c i e n t  t o  l i n k  
impor t  demand t o  t o t a l  demand o r  whe ther  a c o m p u t a t i o n a l l y  
more i n c o n v e n i e n t  approach  o f  comp le te  i m p o r t  s h a r e  m a t r i c e s  
s h o u l d  be  chosen .  

The more o r  less s t a n d a r d  s p e c i f i c a t i o n  o f  a n  impor t  
e q u a t i o n  i n  a n  INFORUM t y p e  model (see f o r  example Almon (1979)  
o r  Nyhus ( 1 9 8 2 ) )  i s :  

where 
m a r e  t h e  i m p o r t s  o f  commodity i i n  y e a r  t it 

uit i s  t h e  d o m e s t i c  u s e  o f  good i i n  y e a r  t 

p f i t  i s  t h e  f o r e i g n  p r i c e  f o r  commodity i and 

pdit i s  t h e  domes t i c  p r i c e  f o r  commodity i. 

T h i s  s p e c i f i c a t i o n  which a l s o  may be  found - w i t h  some mod i f i -  
c a t i o n s  - i n  many o t h e r  economet r i c  i n p u t - o u t p u t  models  (see 
f o r  example Barker  ( 1 9 7 6 ) )  assumes i d e n t i c a l  i m p o r t  s h a r e s  f o r  
a l l  t h e  u s e r s  o f  commodity i. S t a t i s t i c a l  d a t a  which i s  a v a i l -  
a b l e  i n  many c o u n t r i e s  i n d i c a t e  t h a t  t h i s  b a s i c  assumpt ion  i s  
h i g h l y  u n r e a l i s t i c  i n  many c a s e s .  Due t o  a l a c k  o f  homopenei ty 
i n  t h e  c o m p o s i t i o n  o f  t h e  impor ted  and d o m e s t i c a l l y  produced 
goods o f  t h e  same c a t e g o r y  t h e  s h a r e s  v a r y  s i g n i f i c a n t l y  a c r o s s  
r e c e i v i n g  i n d u s t r i e s  and f i n a l  demand c a t e g o r i e s .  The a p p l i c a -  
t i o n  o f  g l o b a l  marke t  s h a r e s  t o  t o t a l  d o m e s t i c  demand - n e g l e c -  
t i n g  t h e  c o m p o s i t i o n  o f  t o t a l  demand - l e a d s  t o  b i a s e s  i f  r a p i d  



s t r u c t u r a l  change i s  going on i n  t h e  economy under cons idera-  
t i on .  

The f i n d i n g s  r e p o r t e d  i n  t h e  fo l low ing  paragraphs  a r e  t h e  
r e s u l t  o f  an a t tempt  t o  e s t i m a t e  t h e  o r d e r  of magnitude of t h e  
s t r u c t u r a l  a s p e c t  of  import  demand. Th i s  i n v e s t i g a t i o n  of t h e  
r o l e  o f  changing composi t ion of t o t a l  demand was c a r r i e d  o u t  
w i t h i n  t h e  d a t a  framework of t h e  Aus t r i an  48 s e c t o r  INFORUM 
model. A s  i n  many o t h e r  examples of e m p i r i c a l  e x e r c i s e s  t h e  
des ign  o f  t h e  s tudy  was t o  a l a r g e  e x t e n t  i n f l uenced  by t h e  
a v a i l a b i l i t y  o r  abscence of d a t a .  

The whole ex-post a n a l y s i s  cove rs  t h e  p e r i o d  1970 t o  1981. 
A l l  computat ions were done i n  c o n s t a n t  p r i c e s .  

2 .  IMPORT DEMAND UNDER THE ASSUMPTIONS OF CONSTANT (DEMAND 
DIFFERENTIATED) IMPORT SHARES AND CONSTANT TECHNOLOGY 

2 . 1  Bas ic  r e l a t i o n s h i p s  

T o t a l  impor ts  M~ of year  t may be viewed a s  t h e  sum of 

impor ts  used f o r  domest ic  p roduc t ion  MMt and impor ts  d i r e c t l y  
t channeled t o  f i n a l  demand (MF ) . 

Demand f o r  f i n a l  demand impor ts  r e s u l t s  from t h e  l e v e l  and 

composi t ion of t o t a l  f i n a l  demand yt and t h e  market s p e c i f i c  
impor t  s h a r e s  

yt i s  t h e  ma t r i x  of  t o t a l  f i n a l  demand (of  domest ic  and 

imported o r i g i n ,  dimension i x k )  of yea r  t .  Y D ~  i s  t h e  ma t r i x  

of  f i n a l  demand of domest ic  o r i g i n .  An e lement  yd:k of t h i s  

ma t r i x  can be c a l c u l a t e d  by 

t mfsik i s  an e lement  of t h e  import  sha re  ma t r i x  of  f i n a l  

demand M F S ~  of year  t .  In te rmed ia te  impor ts  a r e  determined 
by t o t a l  o u t p u t  and t h e  market s h a r e s  of impor ts  i n  in terme- 

d i a t e  t r a n s a c t i o n s ,  M M S ~  denot ing  t h e  import  sha re  ma t r i x  o f  

i n te rmed ia te  t r a n s a c t i o n s .  T o t a l  ou tpu t  xt i s  of cou rse  a 
f u n c t i o n  of technology ( a s  r e p r e s e n t e d  by ma t r i x  A ) ,  f i n a l  de- 



mand and t h e  market shares  of imports i n  both f i n a l  demand 
in termedia te  d e l i v e r i e s .  

M M ~  = M C ~  . x t ( 5 )  

An element of MCL, t h e  matr ix  of i m p o r t c o e f f i c i e n t s o f  year t ,  

can be seen a s  t h e  product of t h e  input  c o e f f i c i e n t  a t j  and t h e  
s p e c i f i c  import share  : 

t mc. = a k j  . mms t 
1 j  i j  

A s e t  of comparable input-output  t a b l e s  a t  constant  p r i c e s  
w i th  f u l l  import mat r ices  would be an almost i d e a l  b a s i s  f o r  a  
profound at tempt t o  decompose t o t a l  change i n  t h e  g loba l  import 
share  i n t o  i t s  market share  aspec t  and i n t o  i t s  s t r u c t u r a l  
aspec t .  A t  l e a s t  a  s e t  of comparable input-output  t a b l e s  should 
be a v a i l a b l e  i n  order  t o  i s o l a t e  t h e  e f f e c t s  of changing tech-  
nology. 

The Austr ian d a t a  s i t u a t i o n  i s  much l e s s  favorab le .  I n  t h e  
absence of complete input-output  t a b l e s  a t  cons tan t  p r i c e s  t h e  
i n v e s t i g a t i o n  had t o  be based on f i n a l  demand e s t i m a t e s  i n  con- 
s t a n t  p r i c e s  of  d i f f e r e n t  s t a t i s t i c a l  r e l i a b i l i t y .  

P r i v a t e  consumer expend i tures  i n  s u f f i c i e n t  d e t a i l  were 
ob ta inab le  from na t iona l  accounts.  Own c a l c u l a t i o n s  on t h e  
6 d i g i t  l e v e l  of t h e  Brusse ls  nomenclature l e d  t o  imports and 
expor ts  a t  constant  p r i c e s .  Since Aust r ian  n a t i o n a l  accounts do 
not  provide investment by type of commodity a  br idge mat r ix  
w i th  cons tan t  c o e f f i c i e n t s  had t o  be used t o  convert  investment 
by type of investment ( cons t ruc t ion ,  equipment, v e h i c l e s )  i n t o  
investment by input-output  ca tegor ies .  The same unsa t i s f y ing  
approach had t o  be app l ied  f o r  pub l i c  consumption. 

To ta l  ou tput  f i g u r e s  a t  cons tan t  p r i c e s  were aga in  avai-  
l a b l e  from n a t i o n a l  accounts.  A l l  a d d i t i o n a l  d isaggregat ion  
which was e s s e n t i a l  f o r  t h i s  study had t o  be based on own 
es t ima tes .  These es t ima tes  a r e  of somewhat reduced s t a t i s t i c a l  
r e l i a b i l i t y .  

2 . 3  Calcu la t i ng  s t r u c t u r a l  f a c t o r s  

The genera l  approach of t h e  study was t o  c a l c u l a t e  hypo- 
t h e t i c a l  imports under t h e  assumption of cons tan t  import sha res  
and t o  compare these  hypo the t i ca l  imports w i th  t h e  observed 
ones. Any dev ia t i on  of t h e  c a l c u l a t e d  from t h e  observed import 
va lue can then be i n t e r p r e t e d  a s  t h e  con t r i bu t ion  of changing 
market shares  t o  t o t a l  import demand. Vice ve rsa  t h e  e x t e n t  
t o  which changing import demand can be expla ined by apply ing 
cons tan t  shares  t o  changing demand p a t t e r n s  can be considered 



a s  t h e  " s t r u c t u r a l  f a c t o r "  o f  impor t  demand. 
Within t h e  l i m i t a t i o n s  g iven  by t h e  Aus t r i an  d a t a  s i t u a -  

t i o n  t h e  e l e r . e n t s  of t h e  m a t r i x  o f  h y p o t h e t i c a l  f i n a l  demand 

impor ts  M F ~ *  ( t h e  s u p e r s c r i p t  * s t a n d s  f o r  t h e  " h y p o t h e t i c a l  
c h a r a c t e r " )  were c a l c u l a t e d  by 

The s u p e r s c r i p t  b  deno tes  t h e  use  of  base  y e a r  r e l a t i o n -  
s h i p s .  Equat ion ( 7 )  l e a d s  immediately t o  an e s t i m a t e  of  do- 

m e s t i c  f i n a l  demand Y D ~ *  which cou ld  be used t o  c a l c u l a t e  a  
h y p o t h e t i c a l  v e c t o r  o f  t o t a l  o u t p u t  and then  t o  compute i n t e r -  
med ia te  impor ts .  I t  i s  obv ious  t h a t  t h e  c a l c u l a t i o n  of  o u t p u t  
shou ld  be based on 

where  AD^* i s  t h e  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  of  domest ic  
o r i g i n  de f i ned  a s  

t * a d . .  = a  t 
i j . ( 1  - m m s b  ) 

1 3  i j 

Unfo r tuna te l y  m a t r i x  A i s  n o t  a v a i l a b l e  f o r  o t h e r  y e a r s  t han  
t h e  base  y e a r ,  s o  t h a t  t h e  e lement  s p e c i f i c  import  sha re  of  t h e  
base  y e a r  cannot  be a p p l i e d  t o  t e c h n i c a l  c o e f f i c i e n t s  of  y e a r t .  

A s  a  v e r y  u n s a t i s f y i n g  proxy a  v e c t o r  o f  t o t a l  o u t p u t  xt** had 
t o  be computed u s i n g  

The c a l c u l a t i o n  of i n t e r m e d i a t e  impor ts  MMt** t h u s  r e l i e s  no t  
on l y  on t h e  assumption o f  unchanged e lement  s p e c i f i c  impor t  
s h a r e s  bu t  a l s o  on t h e  hypo thes i s  of c o n s t a n t  techno logy .  

2 . 4 .  R e s u l t s  

The c o n t r i b u t i o n  of  t h e  b road ly  de f i ned  s t r u c t u r a l  f a c t o r  
t o  t h e  growth of impor ts  i s  c o n s i d e r a b l e  on t h e  o v e r a l l  eco- 
nomic l e v e l .  I n  c o n s t a n t  p r i c e s  merchandise impor ts  grew by 
83 ,3  % i n  t h e  p e r i o d  1970 t o  1981, t h e  a p p l i c a t i o n  of  c o n s t a n t  
impor t  s h a r e  m a t r i c e s  e x p l a i n s  about  70 % of  t h i s  i n c r e a s e .  The 
growth o f  impor ts  i s  of  cou rse  a l s o  due t o  t h e  development 



o f  o v e r a l l  economic demand. T h e r e f o r e  t h e  s h a r e  o f  i m p o r t s  i n  
t o t a l  demand f o r  comparab le  commodi t ies  seems t o  o f f e r  more 
i n s i g h t  i n t o  t h e  r o l e  o f  s t r u c t u r a l  a s p e c t s .  I n  t h e  p e r i o d  1970 
t o  1981 t h i s  g l o b a l  impor t  s h a r e  r o s e  f rom 26,4 % t o  35,4  %. 
More t h a n  40 % o f  t h i s  i n c r e a s e  c a n  be  a t t r i b u t e d  t o  t h e  chang- 
i n g  p a t t e r n  o f  d o m e s t i c  demand. P a r t  o f  t h i s  chang inq  p a t t e r n  
o f  t o t a l  demand i s  t a k e n  i n t o  a c c o u n t  by any i n p u t - o u t p u t  model, 
i . e .  t h e  chang ing  demand f o r  d i f f e r e n t  g r o u p s  o f  commodi t ies .  
Even an 40 % e x p l a n a t i o n  t h e r e f o r e  c a n n o t  b e  t a k e n  a s  a n  a rgu-  
ment i n  f a v o r  o r  a g a i n s t  demand d i f f e r e n t i a t e d  impor t  s h a r e s .  
Such a n  a n a l y s i s  h a s  t o  be  based  on a  s e c t o r a l  l e v e l .  T a b l e  1  
compares t h e  o b s e r v e d  i m p o r t s  by g r o u p s  o f  commodi t ies  ( c o r -  
r e s p o n d i n g  t o  i n p u t - o u t p u t  s e c t o r s )  w i t h  e s t i m a t e s  f o r  i m p o r t s  
o b t a i n e d  by a p p l y i n g  c o n s t a n t  impor t  s h a r e  m a t r i c e s  a s  d i s -  
c r i b e d  i n  e q u a t i o n s  ( 7 )  t o  ( 1 1 ) .  

TABLE 1  Observed and h y p o t h e t i c a l  i m p o r t s  1970 and 1981 
i n  m i l l i o n s  o f  AS, p r i c e s  1976 

S e c t o r  1970 1981 
Obs. Hyp. Obs. Hyp. 

A g r i c u l t u r e  8644 
Mining 8731 
Crude o i l &  r e f i n e r y  12780 
Non-meta l l i c  m i n e r a l s  2022 
Cement 3  6  
G l a s s  802 
Meat 1868 
M i l l s  312 
Bakery 169 
Sugar  4  2  
D a i r y  p r o d u c t s  2  0  2  
O t h e r  food  321 3  
Beverages  2  0  6  
Tabacco 7  6  
T e x t i l e s  7954 
A p p a r e l  2340 
L e a t h e r  p r o d u c t s  1932 
Chemica ls  17130 
I r o n  & steel  5682 
Machinery 181 23 
S h i p s  & l o c o m o t i v e s  3  7  5  
F o u n d r i e s  712 
Non fe r rous  m e t a l s  51 31 
Meta l  p r o d u c t s  5827 
O p t i c a l  equ ipment ,  etc .  2361 
E l e c t r i c  m o t o r s  1629 
E l e c t r i c  w i r e s  148 
O t h e r  elect r ic  equipment  5676 
Radio  & TV 4707 
V e h i c l e s  11073 
Sawmi l l s  596 
Veneer & plywood 100 
Wood p r o d u c t s  1839 
Paper  & p u l p  1155 
Paper  p r o d u c t s  963 
P r i n t i n g  & p u b l i s h i n g  2201 



I n  genera l  t h e  use of t h e  1976 import share  ma t r i ces  l e a d s  
t o  an overes t imat ion  of t h e  imports i n  1970 and t o  an under- 
es t ima t ion  of t h e  1981 imports.  Qu i te  a number of f a c t o r s  can 
be made respons ib le  f o r  t h e  i n c r e a s e  i n  g l o b a l  import sha res  
which can be observed f o r  most of t h e  s e c t o r s :  

- a genera l  tendency towards increased i n t e r n a t i o n a l  
d i v i s i o n  of l abo r  

- t h e  e f f e c t s  of l i b e r a l i z a t i o n  of world t r a d e  
- l i m i t s  i n  domestic p roduct ion  c a p a c i t i e s  
- t h e  r o l e  of mu l t i na t i ona l  e n t e r p r i s e s  
- changes i n  t h e  compet i t i ve  p o s i t i o n  of Aus t r i a  ve rsus  

i t s  major t r a d i n g  p a r t n e r s ,  e t c . .  

I n  t h e  contex t  of t h e  a l t e r n a t i v e  g loba l  import sha res  
ve rsus  demand d i f f e r e n t i a t e d  import sha res  it seems t o  be 
adv isab le  t o  have a look a t  t h e  p a r t  of change i n  t h e  (com- 
modity s p e c i f i c )  g l o b a l  import share  t h a t  can be exp la ined by 
t h e  changing composit ion of demand. 

The a n a l y s i s  of commodity s p e c i f i c  import sha res  was l i m i -  
t e d  by t h e  f a c t ,  t h a t  t o t a l  ou tpu t  f i g u r e s  a t  cons tan t  p r i c e s  
a r e  not  a v a i l a b l e  a t  t h e  same l e v e l  of d isaggregat ion  a s  
f o r e i g n  t r a d e  d a t a .  The i n v e s t i g a t i o n  was t h e r e f o r e  concen- 
t r a t i n g  on commodity groups wi th h igh import sha res .  

TABLE 2 Observed and hypo the t i ca l  commodity s p e c i f i c  
a import sha res  

Share of t h e  
Se lec ted  1970 1981 s t r u c t u r a l  
s e c t o r s  Obs. Hyp. Obs. Hyp. f a c t o r  b 

Agr i cu l tu re  15,13 15,47 18,84 17,19 45,3 
Crude o i l  & r e f i n e r y  28,85 31,IO 38,34 39,95 86,8 
T e x t i l e s  33,47 35,76 60,50 55,89 70,O 
Appare 1 20,29 38,15 52,71 46,96 14,5 
Chemicals 40,56 44,73 53,60 46,21 10,3  
I ron  & s t e e l  21,39 18,74 47,78 42,09 100,9 
Machinery 37,68 41,37 45,64 42,24 9 I 5 
Paper & pu lp  14,51 18,58 20,03 19,68 15,5 

a imports i/ ( t o t a l  ou tput  i + imports i - e x p o r t s  i) 

bpercentage share  of change i n  g loba l  import share  
a t t r i b u t a b l e  t o  changed composit ion i n  demand 

A s  might be seen from t a b l e  2 t h e  exp lanatory  power of 
d i f f e r e n t i a t e d  import sha res  d i f f e r s  from s e c t o r  t o  s e c t o r  
q u i t e  s i g n i f i c a n t l y .  I n  some s e c t o r s  l i k e  a g r i c u l t u r e ,  crude 
o i l  and r e f i n e r y ,  t e x t i l e s  and e s p e c i a l l y  i r o n  and s t e e l  t h e  
c o n t r i b u t i o n  of t h e  s t r u c t u r a l  f a c t o r  i s  remarkably h igh.  A l l  
t hese  commodity groups can be cha rac te r i zed  by a h igh share  of 
i n te rmed ia te  s a l e s .  The base year  market share  mat r ix  of i m -  
por ted  goods shows t h a t  f o r  a l l  t h e s e  s e c t o r s  t h e  market sha res  
of imported goods vary s i g n i f i c a n t l y  a c r o s s  rece iv ing  indu- 
s t r i e s .  

On t h e  o t h e r  s i d e  t h e r e  a r e  some groups of commodities f o r  



which t h e  " f u l l  import  sha re  ma t r i x  approach"  i s  of  l i t t l e  
v a l u e .  These groups have i n  common t h a t  a  h igh  p r o p o r t i o n  of 
t h e i r  s a l e s  i s  d e l i v e r e d  t o  one o r  few i n d u s t r i e s  o r  f i n a l  de- 
mand c a t e g o r i e s .  A s  i n  t h e  case  of a p p a r e l  (more than  6 0  % of  
t o t a l  supply  going t o  p r i v a t e  consumption, more than 30 % t o  
e x p o r t s )  t h e r e  i s  no t  much room f o r  s t r u c t u r a l  e f f e c t s .  On t h e  
o t h e r  hand r e l a t i v e  p r i c e s ,  f a s h i o n  e t c .  p l a y  a  dominant r o l e .  

3 .  IMPORT DEMAND UNDER SLIGHTLY MODIFIED ASSUMPTIONS 

The c a l c u l a t i o n s  desc r i bed  i n  chap te r  2 were based on t h e  
assumption o f  c o n s t a n t  technology.  Because o f  t h e  l a c k  of a  s e t  
of comparable inpu t -ou tpu t  t a b l e s  i n  c o n s t a n t  p r i c e s  t h i s  hypo- 
t h e s i s  was chosen a l though it i s  obvious t h a t  changes i n  t ech -  
nology have t h e i r  i m p l i c a t i o n s  on t h e  demand o f  impor ts .  I t  i s  
a l s o  c l e a r  t h a t  any comparison of impor ts  c a l c u l a t e d  under  t h e  
'eons tan t  technology assumpt ion"  w i th  observed impor ts  does n o t  
i s o l a t e  t h e  s t r u c t u r a l  e f f e c t  bu t  i s  t h e  r e s u l t  of  s t r u c t u r a l  
changes and t e c h n o l o g i c a l  e v o l u t i o n s .  

I n  a  second s e t  of  c a l c u l a t i o n s  it was a t tempted t o  i n -  
c o r p o r a t e  a t  l e a s t  t h e  in fo rmat ion  a v a i l a b l e  on t o t a l  o u t p u t  a t  
c o n s t a n t  p r i c e s .  I n  o r d e r  t o  make use  o f  t h e  observed develop- 
ment of t o t a l  ou tpu t  by i n d u s t r i e s  equa t i on  ( 1 1 )  had t o  be 
modi f ied t o  

Th i s  s p e c i f i c a t i o n  has  t h e  advantage t h a t  some o f  t h e  e f f e c t s  
of changing technology can be taken  i n t o  account .  On t h e  o t h e r  

hand M C ~  i s  obv ious ly  i n c o n s i s t e n t  w i t h  xt s i n c e  it i s  based on 
t h e  hypotheses  o f  bo th  c o n s t a n t  t e c h n o l o g i c a l  r e l a t i o n s h i p s  and 
c o n s t a n t  element s p e c i f i c  impor t  sha res .  Any agg rega t i on  o f  

t * * *  
h y p o t h e t i c a l  i n te rmed ia te  impor ts  MM and h y p o t h e t i c a l  f i n a l  

demand impor ts  M F ~ *  a l s o  i m p l i e s  i ncons i s tency .  
Because o f  t h e s e  shor tcomings and t h e  involved d i f f i c u l -  

t i e s  t o  i n t e r p r e t  t h e  r e s u l t s ,  o n l y  a  few f i g u r e s  of t h e  second 
s e t  o f  computat ions s h a l l  be r e p o r t e d  i n  t a b l e  3 .  



TABLE 3 Observed and h y p o t h e t i c a l  commodity 
a  s p e c i f i c  impor t  s h a r e s  

S e l e c t e d  
s e c t o r s  

1970 
Obs. Hyp. 

1981 
Obs. Hyp. 

A g r i c u l t u r e  
Crude o i l  & r e f i n e r y  
T e x t i l e s  
Appare 1 
Chemicals 
I r o n  & s t e e l  
Machinery 
Paper & pu lp  

Share  o f  t h e  
s t r u c t u r a l  

f a c t o r  b  

27,2 
810 

14 , l  

6 5 , 3  

a impor ts  i/ ( t o t a l  ou tpu t  i + impor ts  i - e x p o r t s  i )  

bpercentage sha re  of change i n  g l o b a l  import  s h a r e  
a t t r i b u t a b l e  t o  changed composi t ion i n  demand 

The poor performance o f  t h e  modi f ied model i s  n o t  t o o  
s u r p r i s i n g .  S ince  imports  a r e  a  f u n c t i o n  of t o t a l  ou tpu t  and 
v i c e  v e r s a  t h e  " i nco rpo ra ted  i ncons i s tency "  p l a y s  an impor tan t  
r o l e .  I n  t h e  s e t  of  computat ions desc r i bed  i n  chap te r  2  - and 
f o r t u n a t e l y  a l s o  i n  t h e  world of inpu t -ou tpu t  models - any 
underes t imat ion  of f i n a l  demand impor ts  l e a d s  t o  an overest ima- 
t i o n  of i n te rmed ia te  impor t s ,  any ove res t ima t i on  o f  f i n a l  de- 
mand impor ts  t o  an underes t imat ion  of i n te rmed ia te  impor ts .  
Th is  i s  e s p e c i a l l y  t h e  case  w i th  b i g  main d iagona l  c o e f f i c i e n t s  
a s s o c i a t e d  w i th  remarkable import  s h a r e s  i n  t h e s e  c o e f f i c i e n t s .  
I f  i n s t e a d  o f  h y p o t h e t i c a l  (and c o n s i s t e n t )  t o t a l  ou tpu t  
f i g u r e s  observed (and i n c o n s i s t e n t )  ou tpu t  f i g u r e s  a r e  used t o  
compute i n te rmed ia te  impor ts ,  such compensat ing e f f e c t s  a r e  
exc luded.  

4 .  CONCLUSION 

The r e s u l t s  r e p o r t e d  i n  t h e  preceed ing  paragraphs  shou ld  
n o t  be overemphasized. They a r e  based on i n s u f f i c i e n t  e m p i r i c a l  
m a t e r i a l  and r e f l e c t -  a t  l e a s t  t o  a  c e r t a i n  e x t e n t -  s p e c i f i c  
Aus t r i an  c i rcumstances .  Some of t h e  r e s u l t s  a r e  a l s o  con- 
s i d e r a b l y  i n f l uenced  by t h e  l e v e l  of  agg rega t i on  t h a t  had t o  be 
chosen. 

Neve r the less  they  seem t o  p rov ide  some arguments i n  f avo r  
of t h e  use  of complete import  m a t r i c e s  f o r  de termin ing  t h e  de- 
mand f o r  impor ts .  The e m p i r i c a l  a n a l y s i s  i n d i c a t e s  t h a t  s t r u c -  
t u r a l  f a c t o r s  p l a y  an impor tan t  r o l e  f o r  a  number of imported 
commodit ies, a l though t h e  change i n  e lement  s p e c i f i c  import  
s h a r e s  s t i l l  h a s  t o  be exp la ind  by o t h e r  means. 

For a l l  t hose  we l l  e l a b o r a t e d  models which a l s o  have a  
p r i c e  s i d e  ( f o r  which an import  ma t r i x  i s  e s s e n t i a l )  t h e  i n -  
co rpo ra t i on  of complete import  m a t r i c e s  on t h e  r e a l  s i d e  might 
he lp  t o  ach ieve  more cons i s tency  i n  t h e  o v e r a l l  model. 



The following annex gives the FORTRAN statements for a 
simultaneous calculation of imports and output using complete 
import share matrices. The program was written by Doug Nyhus 
as part of the software for the Austrian model. 
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C  

3 3  D I F Y A X - 0 .  
C  
C  D O  L C 3 F  F t 2  C L L  C 3 L U U N S  
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DO 4 0  h = 1,NCA 
I = I T 2 I L N ( K )  
S U ?  = F D ( i )  
D 3  2 1  J  = l t S C A  
I F ( J . E Q . ! )  G3 T O  2 1  
SLIM = SUM + A ( I , J ) * a ( J )  

2 1  C C h T I h U E  
C  C A L C U L A T E  I h V E h T O i t Y  C H A Y S i  

I F ( N Y R . G T . L A S Y R ( t d G C V + & ) )  G O T 0  2 8  
GCTO 2 5  

2 8  C O % T I N U E  
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C  S K I P  F I X I N G  FOR F I X E S  E X A C T L Y  E C U A L  TO Z E R O  
I F ( F I X V ( I ) . E 3 . ? . )  G3 T i  2 5  
t C  T O  ( 5 5 , 2 L t 2 3 / 2 2 ) , f '  

C  GO 1 3  2 5  F S R  ' 40  F I X ,  2 L  F t ;  C V f ' E I C E ,  
C  2 3  F O a  h ? D I T I D Y ,  2 2  F C ?  * U L T I P L l C A T I C N  
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2 3  V E N ( 1 )  = V E N ( i )  + F I X V ( 1 )  
Gi, T O  2 5  
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C  C 3 E P U T E  X * P G a T S  
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YjY = 0. 
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DO 3 0 9 1  K  = 1,NCA 
I F ( Q ( K ) . L E . O . )  GO T O  3 3 0 1  

t S K I P  T H E  D I A G O N A L  D E q A N D  F S R  I Y P C R T S  
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3 0 0 1  C O N T I k U i  
C  A D D  I N  F I N A L  D E N A N D  I N P O R T S  

DO 3 0 0 2  K = 1 1 8  
K P  = K  + N C A  

3 0 0 2  Y H  = Y K  + A M ( I , K P ) * H E ( I , K )  

 his program was w r i t t e n  by Doug Nyhus. 
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1. INTRODUCTION 

One way to investigate structural changes in a given economy is to con- 
sider the evolution of various economic aggregates. If we compare consump- 
tion and investment in two periods and find that in the earlier one invest- 
ments were negligible while in the more recent period they showed a much 
higher relative leve1,we can say that a structural change in the economy has 
taken place. From a stationary economy we have moved towards one with a very 
high level of accumulation; this might, for example, describe the case of an 
underdeveloped country undergoing industrialization, and we conclude that the 
structure of the economy in the two periods is different. 

Structural changes can also be investigated within a given economic ag- 
gregate. The same (relative) level of, e.g. investments can be obtained by 
different degrees of accumulation in different sectors; their quality--that 
is to say, the content of technological innovation in the sectoral invest- 
ment process--leads to different merceological patterns in the demand of in- 
vestment goods, which in turn stimulates, to a variable degree, the output 
level of the respective producing sectors. Thus, the quality of the invest- 
ment process, in other words, the quality of a final demand component, repre- 
sents an important factor driving the relative composition of the producing 
sectors in the economy. 

Therefore, when studying the structural changes in an economy over a 
period of two or three decades, it is vital to analyze the main economic 
aggregates and to look for their determinants at a more disaggregated level. 
This can be done by utilizing input-output modeling and taking the implied 
sectoral classification as a disaggregation criterion, which has the property 
of preserving accounting consistency with the more traditional macro models. 

Here, we present a contribution on Italian foreign trade. The work re- 
ported is part of a project for building a multisectoral model of the Italian 
economy. The general structure of this model, known as the Interindustry 
Italian Model (INTIMO), is described in Grassini (1982a, 1982b). INTIMO is 
a member of the INFORUM family, and therefore its structure reflects the 
prototype designed by Almon (Almon et al., 1974), which is described in many 
papers concerning the construction of national models; among them we can 
mention those for the FRG (Nyhus, 1982), Bulgaria (Dimitrov, 1982), France 
(Lee and Almon, 1978), Hungary (Fink and Simon, 1982), Belgium (Vanwynsberghe 
et al., 1977; Vanwynsberghe, 1982), and the United Kingdom (Bell, 1982). 
INFORUM-type models following the same framework can be conveniently linked 
by means of import-export trade matrices for each sector considered in the 
national models. These matrices, which represent import-export flows between 
importing countries (columns) and exporting countries (rows), form the basic 



framework of a dynamic world trade model first proposed by Nyhus (1974) for 
interlinking a group of national input-output models (Nyhus and Almon, 1983; 
Nyhus, 1983). 

National INFORUM models must adhere as far as possible to the inter- 
national linking structure, but can and should be specific as regards domestic 
structural equations, such as those for consumption, investment, labor produc- 
tivity, etc. Anyone contemplating the construction and international linking 
of an input-output model within the INFORUM "family" must undertake a careful 
formulation of the statistical data used for modeling the foreign block of the 
model, in order to make clear the merceological content of import and export 
equations. 

In Section 2, the production of import and export data for the Italian 
model is described; in Section 3 a brief analysis of the changes in composi- 
tion of Italian trade in commodities is presented; Section 4 is devoted to 
the import-export equations which will be inserted in the Italian model in 
the course of the updating process; and Section 5 presents the estimation re- 
sults and some general conclusions. 

2. THE DATA 

The data have been produced by using statistics on trade in commodities 
published by the UN following the Standard International Trade Code, SITC. 
As is known, the items classification for both exports and imports is avail- 
able in 4-digit detail up to 1970 and in 5-digit detail from 1971 up to the 
present. Furthermore, two modifications of the code took place during the 
sample period 1963-1980; the first--a slight revision of the code at the 
same time as the adoption of the 5th digit--was introduced in 1971; the sec- 
ond revision--a significant change in the coding of commodities with less 
relevant items being grouped together and others that are growing in import- 
ance in international trade being split--defines the commodities trade data 
from 1978 to the present. An item-by-item investigation has led to the defi- 
nition of a bridge between the two series--before 1977 and after 1978--so 
that it is possible to make the data homogeneous for the construction of time 
series. 

The 4-digit classification is considered to be sufficiently detailed for 
the investigation of Italian imports and exports, and it is available at that 
level in both quantity and value terms for all the items considered. The ag- 
gregation of the data has been done according to the 1-0 table of the Italian 
economy; in the table, sectors are distinguished following the NACE/CLIO 
classification, which makes the 1-0 tables of the European Community countries 
comparable. The bridge between SITC and NACE/CLIO codes only partially 
follows the proposals given by ISPE (1981): (a) for the level of detail adop- 
ted (4-digit for all the items) and the reassignment of many commodities; 
(b) for the specific bridge linking pre-1977 and post-1978 periods. The 
bridge matrices between the NACE-CLIO and SITC classifications are reported 
in the Appendix. Furthermore, the proposed classification has been checked 
with the time series on imports and exports at the 1-0 level presently prod- 
uced, unfortunately only for the most recent years, by ISTAT (Italian Statis- 
tical Bureau); that is to say with the original source of the data we are 
dealing with. More precisely, the construction of the time series has been 
compared with the "true" data before their transmission to the UN Statistical 
Office, their classification in SITC code and conversion into dollars and, 
finally, their reconversion back into national currency, which is the first 
step of the data collection described here. Comparison of ISTAT data and 
the data produced for the present study has shown negligible discrepancies 
with respect to the expected departures from the official data due to im- 
perfect transmission,etc. 



3. THE STRUCTURAL CHANGES 

I t a l i a n  f o r e i g n  t r a d e  i s  f i r s t l y  ana l yzed  c o n s i d e r i n g  t h e  economic aggre-  
g a t e s  o f  t h e  n a t i o n a l  accoun ts ;  t h e n  some i n s i g h t s  i n t o  t h e  d a t a  d e s c r i b e d  i n  
t h e  p r e v i o u s  s e c t i o n  a r e  g i ven .  The i n t e r t e m p o r a l  compar ison i s  based upon 
d a t a  r e l a t i n g  t o  f o u r  e q u a l l y  spaced y e a r s :  1965-1970-1975-1980. The c h o i c e  
o f  t h e  t ime  i n t e r v a l  is a r b i t r a r y  and t h e  wor ld  and n a t i o n a l  economic c y c l e s  
might  have sugges ted  d i f f e r e n t  p o i n t s  i n  t ime ;  f o r  example, 1975 was t h e  y e a r  
o f  t h e  b i g  wor ld  d e p r e s s i o n  f o l l ow ing  t h e  f i r s t  shock  i n  t h e  wor ld  raw ma te r i -  
a l  marke t ,  b u t  t h e  y e a r s  immedia te ly  b e f o r e  and a f t e r  were n o t  much b e t t e r ,  
from t h e  s t a n d p o i n t  of  be ing  " r e p r e s e n t a t i v e M ;  1974 showed t h e  d e s t a b i l i z i n g  
e f f e c t  of  t h e  f a s t  r i s e  of  o i l  p r i c e s  and,  i n t e r n a l l y ,  t h e  e f f e c t  o f  a  sudden 
growth of  t h e  i n f l a t i o n  r a t e  t o  l e v e l s  neve r  reco rded  i n  t h e  r e c e n t  p a s t ;  
1976 r e g i s t e r e d  a  remarkab le  expans ion  o f  t h e  I t a l i a n  economy w i t h  a  good ex- 
p o r t  per fo rmance b u t  w i t h  a  worsen ing  of  t h e  b d a n c e  o f  payments which l e d  t o  
a  r e s t r i c t i v e  economic p o l i c y  and t h e  subsequen t  r e c e s s i o n  i n  1977. I n  gen- 
e r a l ,  t h e  s i x t i e s  and s e v e n t i e s  a r e  n o t  e a s i l y  subd i v i ded  i n t o  p e r i o d s  f o r  
i n t e r t e m p o r a l  compar ison;  t h e r e f o r e ,  g i v e n  t h e  l e n g t h  o f  t h e  sample p e r i o d ,  
f o u r  e q u a l l y  spaced y e a r s  were cons ide red .  

I n  Tab le  1  t h e  macroaggregates  of  f o r e i g n  t r a d e  and GNP a r e  p r e s e n t e d .  
It can  b e  s e e n  t h a t  t h e  s t r u c t u r e  o f  f i n a l  demand, which i s  e q u a l  t o  GNP 
p l u s  i m p o r t s ,  h a s  markedly changed because o f  t h e  f a s t e r  growth of  e x p o r t s .  
T h i s  h a s  imp l i ed  a  c o n s t a n t  p o s i t i v e  t r e n d  i n  t h e  open ing  o f  t h e  I t a l i a n  
economy. T h i s  p r o c e s s  cannot  b e  a s c r i b e d  t o  t h e  impact  of  t h e  European 
Common Market ,  which produced i t s  main e f f e c t  i n  t h e  s i x t i e s ;  r a t h e r ,  i t  i s  
due t o  t h e  sp read  o f  i n t e r n a t i o n a l  economic i n t e g r a t i o n  p a r t i c u l a r l y  n o t i c e -  
a b l e  among Western European c o u n t r i e s .  

TABLE 1  Impor t s ,  e x p o r t s ,  and GNP i n  r e a l  t e rms  ( i ndex  numbers, 1965=100). 

I n d i c a t o r  1965 1970 1975 1980 

GNP 
Impor ts  
Expo r t s  
GNP + Impo r t s  

Changes i n  t h e  s t r u c t u r e  o f  I t a l i a n  i n t e r n a t i o n a l  t r a d e  i n  commodi t ies 
can  b e  ana lyzed i n  Tab les  2  and 3. On t h e  impo r t s  s i d e ,  a g r i c u l t u r a l  prod- 
u c t s  and o i l  r e p r e s e n t e d  57% of  t h e  impo r t s  i n  1965; a t  t h e  end of  t h e  p e r i -  
od cons ide red  t h e i r  s h a r e  was reduced t o  26%. Consequent ly ,  many i t ems  
tended  t o  r e c o r d  i n c r e a s i n g  s h a r e s  d u r i n g  t h e  p e r i o d ;  among t h e  most n o t i c e -  
a b l e  a r e  t h e  f a s t  growth of  mach inery ,  e l e c t r i c  goods,  and motor  v e h i c l e s  
which t a k e n  t o g e t h e r  i n c r e a s e d  t h e i r  g l o b a l  s h a r e  from 8  t o  23%. These i t e m s  
a r e  main ly  inves tment  goods,  s o  t h a t  one can a rgue  t h a t  i f  t h e  dependence on 
raw m a t e r i a l s  were reduced,  imported techno logy  cou ld  p l a y  a  c r u c i a l  r o l e  i n  
t h e  r e s t r u c t u r i n g  of  p r o d u c t i o n  p r o c e s s e s .  

Expo r t s  d i s p l a y  a  s i m i l a r  r e d u c t i o n  i n  t h e  impor tance o f  a g r i c u l t u r a l  
goods and an  expans ion  of  machinery,  e l e c t r i c  goods,  and motor  v e h i c l e s  f rom 
26 t o  33%, a n  expans ion  l e s s  t h a n  t h a t  r eco rded  f o r  impo r t s  b u t  e q u a l l y  i m -  
p o r t a n t ,  i f  one a l s o  c o n s i d e r s  t h e  i n c r e a s e  i n  e x p o r t s  o f  m e t a l  p r o d u c t s .  
These r e c o r d s  th row some l i g h t  on t h e  compe t i t i veness  o f  I t a l i a n  mechan ica l  
i n d u s t r i e s ,  w h i l e  t h e  t e x t i l e ,  c l o t h i n g ,  and l e a t h e r  and s h o e s  i n d u s t r i e s  
t end  t o  p reserve- -bu t  n o t  expand-- thei r  s h a r e s  i n  I t a l i a n  e x p o r t s .  



TABLE 2 Composit ion of impor ts  ( cons tan t  p r i c e s ,  base  y e a r  1975). 

Sec to r  1965 1970 1975 1980 

A g r i c u l t u r e  
Coal 
Coke 
O i l  
E l e c t r i c i t y ,  wa te r  
Nuclear f u e l s  
Fe r rous /non fe r rous  o r e s  
Nonmetal, m ine ra l  p roduc ts  
Chemical p roduc ts  
Metal  p roduc ts  
Agr ic.  & i n d u s t .  machinery 
O f f i c e ,  P r e c i s .  Opt. I n s t r .  
E l e c t r i c a l  goods 
Motor v e h i c l e s  
Other  t ransp .  equipment 
Meat 
Mi lk,  d a i r y  
Other foods 
Nonalcoh. and a lcoh.  beverages 
Tobacco 
T e x t i l e s  & c l o t h i n g  
Lea the r  & shoe 
Wood & f u r n i t u r e  
Paper & p r i n t i n g  products  
Rubber & p l a s t i c  p roduc ts  
Other manufact. p roduc ts  

T o t a l  100.00 100.00 100.00 100.00 

Using input -output  d a t a ,  i t  is p o s s i b l e  t o  cons ide r  t h e  e v o l u t i o n  over  
t ime of t h e  r a t i o  of s e c t o r a l  impor ts  t o  ( s e c t o r a l  domest ic)  demand. Th is  
r a t i o  g i v e s  a  k ind of  average p ropens i t y  t o  import  w i t h  r e s p e c t  t o  t h e  domes- 
t i c  demand (consumption, investment ,  and p u b l i c  consumpt ion).  But such 
r a t i o s  can on ly  encompass t h e  u s u a l  economic meaning of  a  g l o b a l  p ropens i t y ,  
and they  d i s r e g a r d  t h e  s t r u c t u r a l  changes of t h e  economy which h i d e  two main 
demands f o r  impor ts :  raw and in te rmed ia te  m a t e r i a l s  and investment  goods re -  
r e q u i r e d  by t h e  product ion  s e c t o r s  on one s i d e  and f i n a l  goods needed by t h e  
f i n a l  demand ( i n c l u d i n g  e x p o r t s )  on t h e  o t h e r  s i d e .  Anyway, t h e s e  ra t i os - -  
p resen ted  i n  Tab le  4--show, f o r  example, t h a t  t h e  dec reas ing  importance of  
impor ts  of a g r i c u l t u r a l  p roducts  was determined by t h e  ( r e l a t i v e )  r e d u c t i o n s  
i n  domest ic demand, wh i l e  o f f i c e  machinery and p r e c i s i o n  and o p t i c a l  i n s t r u -  
ments faced  s t r o n g  i n t e r n a t i o n a l  p e n e t r a t i o n ,  making t h e  r a t i o  of impor t s  
t o  domest ic  demand grow from 37% i n  1965 t o  62% i n  1980. I n  c o n t r a s t ,  t h e  
food i n d u s t r i e s  and t h e  t r a d i t i o n a l  t e x t i l e ,  c l o t h i n g ,  l e a t h e r ,  shoe,  and 
f u r n i t u r e  s e c t o r s  showed low r a t i o s  throughout t h e  pe r iod .  The f a s t e r  growth 
of impor t s  w i th  r e s p e c t  t o  GNP, a s  shown i n  Tab le  1 ,  is  h e r e  r e f l e c t e d  i n  t h e  
g e n e r a l  t rend  of t h e  r a t i o s .  



TABLE 3 Composit ion o f  e x p o r t s  ( c o n s t a n t  p r i c e s ,  base  y e a r  1975).  

Sec to r  

A g r i c u l t u r e  
Coal  
Coke 
O i l  
E l e c t r i c i t y ,  wa te r  
Nuclear f u e l s  
Fe r rous /non fe r rous  o r e s  
Nonmetal, m i n e r a l  p roduc ts  
Chemical p r o d u c t s  
Metal  p roduc ts  
Agr ic .  & i n d u s t .  machinery 
O f f i c e ,  p r e c i s .  o p t .  i n s t r .  
E l e c t r i c a l  goods 
Motor v e h i c l e s  
Other t r a n s p .  equipment 
Meat 
Mi lk ,  d a i r y  
Other  f oods  
Nonalcoh. & a lcoh .  beverages 
Tobacco 
T e x t i l e s  & c l o t h i n g  
Lea the r  & shoe  
Wood & f u r n i t u r e  
Paper  & p r i n t i n g  p r o d u c t s  
Rubber & p l a s t i c  p roduc ts  
Other  manufact .  p roduc ts  

T o t a l  100.00 100.00 100.00 100.00 

4. QUANTITATIVE ANALYSIS OF IMPORTS AND EXPORTS 

I n  o r d e r  t o  e v a l u a t e  t h e  exp lana to ry  power o f  some economic v a r i a b l e s  re -  
ga rd ing  impor ts  and e x p o r t s  we e s t a b l i s h  r e l a t i o n s h i p s  among t h e  v a r i a b l e s ;  
t h a t  i s  t o  s a y ,  we r e l y  upon models. These r e l a t i o n s h i p s  must be des igned i n  
such a  way a s  t o  pe rm i t  t h e i r  s t a t i s t i c a l  e s t i m a t i o n  and e v a l u a t i o n  and,  a t  
t h e  same t ime,  t hey  shou ld  be  cons ide red  a  p a r t  of a  l a r g e r  model u s e f u l  i n  
p r e d i c t i n g  expected s t r u c t u r a l  changes acco rd ing  t o  g i ven  s c e n a r i o s .  

4.1.  The Model 

The impor t  e q u a t i o n s  have t h e  fo l l ow ing  s t r u c t u r e  

where 
M i s  t h e  volume of impor t s  o f  a  g i ven  good; 
D is  t h e  domest ic  demand d e f i n e d  a s  t o t a l  ou tpu t  ( o r  p roduc t i on )  p l u s  

t o t a l  impor t s  minus e x p o r t s ;  
p  i s  a  p r i c e  term; 



TABLE 4 Ratios of imports to domestic demand. 

Sector 1965 1970 1975 1980 

Agriculture 0.22 0.20 0.19 0.20 
Coal 0.91 0.92 0.98 0.98 
Coke 0.05 0.02 0.02 0.01 
Oil 0.60 0.39 0.41 0.44 
Electricity, water - - 0.04 0.05 
Nuclear fuels - - - - 
Ferrous/nonferrous ores 0.27 0.27 0.24 0.29 
Nonmetal, mineral products 0.08 0.10 0.09 0.13 
Chemical products 0.17 0.22 0.22 0.24 
Metal products 0.05 0.05 0.08 0.13 
Agric. & indust. machinery 0.17 0.26 0.30 0.36 
Office, precis. opt. instr. 0.37 0.50 0.51 0.62 
Electrical gdods 0.12 0.18 0.24 0.27 
Motor vehicles 0.08 0.20 0.27 0.38 
Other transp. equipment 0.28 0.18 0.21 0.22 
Meat 0.15 0.18 0.19 0.18 
Milk, dairy 0.22 0.18 0.23 0.25 
Other foods 0.06 0.08 0.08 0.08 
Nonalcoh. & alcoh. beverages 0.03 0.07 0.10 0.10 
Tobacco 0.01 0.02 0.10 0.11 
Textiles & clothing 0.05 0.07 0.08 0.14 
Leather & shoe 0.04 0.07 0.07 0.14 
Wood & furniture 0.08 0.08 0.08 0.09 
Paper & printing products 0.12 0.12 0.10 0.15 
Rubber & plastic products 0.04 0.08 0.10 0.17 
Other manufact. products 0.20 0.17 0.15 0.28 

a, b, and n are parameters (to be estimated). 
All the variables and parameters in practice carry an index i denoting 

the ith good; furthermore, the variables M, D, and p have an index t denoting 
time, an observation index in the time series available. The price term, p, 
is a function of import prices, pm, in national currency (for goods of type i) 
and of domestic (producers') prices, pd. For the ith good, the price term is 
defined as 

where the wr denote weights defining for each good the lag structure of the 
past (relative) prices for the explanation of imports at time t. R is the 
maximum time lag. 

Export equations have a similar analytical structure. For each good i 
we have 

where 
E is the volume of exports of a given good (for exports the current 

value is deflated with home producers' prices); 



F is an index of foreign demand; 
p is a price term; 
a, b, and n are, as before, parameters. 

E 
The price term is a function of export price, p , and the price in the 

world market, pW, so it is effectively a competitive index for the Italian 
producers. The price term is 

where the wr denote weights defining the lag structure of the price term in 
the export equations. 

Wben the fitting of these equations is not considered satisfactory, a 
time trend is proposed. Its form is 

log M = a + bt + cp 
log E = a + bt + cp 

where a, b, and c are parameters, t is time, and p is the price term defined 
as before. When the estimated c parameter does not turn out to be negative 
as expected, the price term is dropped. 

The variables pW and F, as well as pE for the forecast, are obtained 
from Nyhus (1975). 

Once the lag structure of the price terms is assumed as given, the ana- 
lytical form of the equations suggests an easy scanning estimation procedure. 
Since we were dealing with a re-estimation of the trade block of the input- 
output model we relied upon the old price elasticities presented in 
Alessandroni (1982) as prior information to be used as initial values in the 
scanning process. These values were used in an estimation procedure based 
on the maximization for each equation of a utility function defined as follows 

where np is the previous (or a priori) price elasticity. 
We found that the old elasticities were sometimes rejected. 

5. RESULTS AND CONCLUDING REMARKS 

The estimation results for the import and export equations are presented 
in Tables 5 and 6, respectively. 

Import equations are not reported for all the commodities considered; 
some of them have been excluded under the criterion that, if imports account 
for more than 90% of domestic demand, the imports are considered simply pro- 
portional to domestic demand. 

Export equations are not considered when the amount of exports or the 
world demand for the Italian goods in question are negligible. 

The aggregate import demand elasticity for the 1975 import structure was 
1.24 and the aggregate price elasticity was equal to -0.46. The aggregate 
elasticities for exports in 1975 were equal to 1.4 with respect to foreign 
demand and -0.96 with respect to the relative price term. 

Among the import equations nine commodities are not price-elastic, while 
among the export equations only five commodities are insensitive to the price 
term. This could mean that Italian productive structure is mainly oriented 
to transform raw materials and intermediate goods to satisfy a final goods 
demand; then, if the final goods market involves Italian producers in a 
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competition measured through relative prices, the supply of the final goods 
implies a certain consumption of intermediate goods which are purchased mainly 
with respect to technological requirements. This hypothesis is supported by 
the aggregate value of the price elasticities presented above; in fact, while 
the relative prices in the import equations show a price elasticity of -0.46, 
exports turn out to be more price-elastic with a value of -0.96. 

Furthermore, it should be noticed that the domestic demand in the import 
equations is defined as output less exports plus imports. Now, it could be 
the case that for some sectors imports might quite rationally depend upon ex- 
ports of the same product group; in fact, the sequence import-processing- 
export can be developed within the same commodity classification. Then, the 
demand component inthe export equations might require redefinition in order 
to produce the model specification implied by this sequence (Tahon and 
Vanwynsberghe, 1983). 

In further research on the import and export equations of the multi- 
sectoral Italian model, we plan to test the redefinition of the demand term 
for imports already adopted for the Belgian model, and we hope to investigate 
various peculiarities among the intermediate, investment, and final goods 
which in gerieral make up the imports and exports of each sector. 
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TECHNICAL DESCRIPTION OF THE NORDHAND MODEL SYSTEM 

Paal Sand and Gunnar Sollie 
Cerltral Bureau of Statistics, Oslo, Norway 

1 .  INTRODUCTION 

This paper primarily provides a technical description of the NORDHAND 
model system (section 3). First, however, information is provided on the 
incitaments for establishing the model system (section 2). The paper also 
provides a brief description of some of the supposed areas of application 
for the model system and of some lines along which the model system is 
supposed to be further developed (section 4). 

2. BACKGROUND 

The economies of the Nordic countries are small and open1) and, as a 
consequence, very sensitive to fluctuations in the world trade. In the 
seventies, a period characterized by uncertainty in the world economy, fore- 
casts of future developments of exports and imports, as well as of other 
macroeconomic variables, have, to some extent, failed2). This is partly due 
to incorrect assumptions about the future developments of the economies of 
major trading partners. The need for improved treatment of foreign trade in 
the macroeconomic planning models is thus strongly felt by the planning 
authorities. 

At a meeting in February 1982, government and research institutions 3 

in four Nordic countries (Denmark, Finland, Norway and Sweden) decided to 
establish the NORDHAND model system, a model system focusing on links, through 
trade, between the four countries. The NORDHAND model system is related to 

1) The Nordic share in the world trade is about 5 per cent, while the shares 
of exports/imports in GDP varies from about 30 per cent for Swedish 
exports/imports to about 50 per cent for Norwegian exports. 

2) Figures, for the Norwegian economy, showing the discrepancies'between 
forecasted and observed values for exports, imports and other macro- 
economic variables are presented in 0. Bjerkholt and P. Sand: The use 
of a Nordic Inforum System of Input-Output Models in Norwegian Economic 
Planning. Paper presented to the Task Force Meeting on Input-Output 
Models, IIASA, Laxenburg, Austria, September 23-25, 1982. 

3) The institutions are: Danmarks Statistik (Denmark), University of Oulu 
(Finland), Central Bureau of Statistics (Norway) and National Industrial 
Board (Sweden). 



a more comprehensive model system established during the last 5-6 years on 
the basis of an initiative made by IIASA (International Institute for Applied 
Systems Analysis, Austria) and INFORUM (International Forecasting project, 
University of Maryland, USA). 

Financially supported by Nordisk Okonomisk Forskningsrid, a first version 
of the NORDHAND model system is now established. In the paper at hand, a 
technical description of the first version is provided. 

3. TECHNICAL DESCRIPTION OF THE NORDHAND MODEL SYSTEM 

3.1. A brief outline of the model system 

The NORDHAND model system consists of four national input-output models 
- one for each of the Nordic countries (excl. Iceland) - and a trade model 
linking these together. The figure below, and the comments attached to it, 

National input- 
output models for 
Denmark, Finland, 

calculations of exports to 
the non-Nordic countries. 

Import figures, calculated 
in the national models are 
transformed to inputs to the 

Estimates of intra-Nordic 
exports are transformed to 
inputs to the trade model 

rb Import figures are recalcul- 
ated by means of impact ma- 
trices and used as inputs in 
the recalculations of intra- 
Nordic exports. 

A 

Discrepancies between intra- 
Nordic exports, calculated 
in iterative step t.and 
intra-Nordic exports, calcu- discrepancies are 
lated in iterative step t-1, unacceptably 
are calculated. 

discrepancies are 
sufficiently small 

The values, calcu- 
lated in the last 
iterative step, for 
intra-Nordic exports, 
and the correspon- , 
ding values for im- j 
ports, are Rtrans- , 
formed and tabulated. 



descr ibes ,  i n  a  s imple way, how t h e  va r ious  p a r t s  of t h e  model system a r e  
r e l a t e d  t o  each o the r .  

The t r a d e  model i s  represented by t h e  a rea  between t h e  two do t ted  l i n e s ,  
whi le  t h e  a r e a s  ou ts ide  t h e s e  l i n e s  rep resen t  t h e  n a t i o n a l  models. The 
t rans fo rmat ions  and re t rans fo rmat ions  mentioned a r e  necessary f o r  two 
reasons : 

- The commodity c l a s s i f i c a t i o n s  of t h e  n a t i o n a l  models do no t  co inc ide 
with t h e  commodity c l a s s i f i c a t i o n  of t h e  t r a d e  model. 

- The currency used i n  t h e  t r a d e  model i s  d i f f e r e n t  from t h e  cu r renc ies  
used i n  the  n a t i o n a l  models. 

The i t e r a t i v e  process t h a t  takes  p lace  w i th in  t h e  t rademodel  s t a r t s  f romimport  
f i g u r e s  c a l c u l a t e d  i n  t h e  n a t i o n a l  models, t ransformed t o  s a t i s f y  t h e  re -  
quirements of t h e  t r a d e  model. The f i g u r e s  r e s u l t i n g  from t h e  c a l c u l a t i o n s ,  
i n  t h e  t r a d e  model, of each Nordic coun t ry ' s  intra-Nordic expor ts  a r e  com- 
pared t o  t h e  corresponding es t ima tes  used i n  t h e  n a t i o n a l  models, t ransformed 
t o  s a t i s f y  the  requirements of t h e  t r a d e  model. I f  t he  d isc repanc ies  a r e  
regarded t o  be s u f f i c i e n t l y  smal l ,  t h e  i t e r a t i v e  process i s  concluded. On 
the  o t h e r  hand, i f  t h e  d isc repanc ies  a r e  regarded t o  be unacceptably l a r g e ,  
t h e  i t e r a t i v e  process con t inues  by r e c a l c u l a t i o n s ,  i n  t h e  t r a d e  model, of 
each Nordic coun t ry ' s  intra-Nordic expor ts .  The necessary  inpu ts  of import 
f i g u r e s  in  these  r e c a l c u l a t i o n s  a r e  est imated by means of impact mat r i ces ,  
der ived from t h e  n a t i o n a l  models. The i t e r a t i v e  process,  a s  descr ibed 
above, cont inues u n t i l  t h e  d isc repanc ies  mentioned above a r e  regarded t o  be 
s u f f i c i e n t l y  smal l .  

3 .2 .  The equat ion system of t h e  t r a d e  model 

The t r a d e  model presented below i s  a  simple q u a n t i t y  model and should 
be regarded a s  the f i r s t  s t e p  towards a  more e l a b o r a t e  t r a d e  model. 

The b a s i c  r e l a t i o n  i n  t h e  t rade  model i s  the  r e l a t i o n  f o r  country k ' s  1 )  
in t ra-Nord ic  expor ts :  

where 

1 )  I n  t h i s  paper,  except where it i s  e x p l i c i t l y  s t a t e d  n o t  t o  be t h e  case ,  
k ,  1 = D ,  F, N ,  S  where D ,  F, N and S  denote Denmark, F in land,  Norway 
and Sweden, r e s p e c t i v e l y .  

2) The symbol o  means element by element m u l t i p l i c a t i o n  of v e c t o r s  (or  
mat r i ces )  and r e q u i r e s  t h a t  t h e  v e c t o r s  (o r  matr ices)  involved a r e  of 
t h e  same o rder :  Z = X o  Y ,  where X and Y a r e  v e c t o r s  (of t h e  same o rder )  
means t h a t  Z .  = X. . Y .  f o r  a l l  i. 

1 1 1  



xk = vector1) of intra-Nordic exports of NoRDHAND-commodities2) from 
country k;  constant (1980-) prices; US$. 

rk = vector of correction parameters for intra-Nordic exports of NORDHAND- 
commodities from country k ;  

Mkl(k+l) = vector of market shares by (NoRDHAND-) comodity of country k 
in country 1's imports3). 

Akl(k+l) = vector of parameters for exogenous adjustments of the market 
shares by (NORDHAND-) commodity of country k in country 1's 
imports; 

B' = vector of imports of NORDHAND-commodities to country 1; constant 
(1980-) prices; US$. 

The parameters for exogenous adjustments, the elements of Akl(k+l), are 
initially given by 

and is introduced to be able, in a simple way, to adjust the intra-Nordic 
market shares. Instead of adjusting the elements of Mk1(k*l) directly, we 
substitute the initial values of the elements of Ak1(k*l) by alternative 
values, different from 1 5). kl 

Given the particular role of A (k*l), (1) could be expressed in the 
following way: Country k's intra-Nordic exports of NORDHAND-commodities is 
equal to the other Nordic countries imports of NORDHAND-commodities from 
country k, corrected (by means of rk) to account for cif-fob factors and 
other sources of deviations between figures reported by exporting countries 
and figures reported by importing countries. 

Before the iterative process, briefly described in section 3.1, is 
started, the correction parameters, the elements of rk, are calculated on 
the basis of actual figures for 1980, for country k's intra-Nordic exports 
of NORDHAND-commodities and for the other Nordic countries' imports of 
NORDHAND-commodities: 

1 )  The number of commodities classified according to the commodity classi- 
fication of the trade model is 36, and in this paper, except where it is 
explicity stated not to be the case, all vectors are of order (36 . 1). 

2) The term NORDHAND-commodities is used to denote the commodities of the 
trade model. 

3) These market shares are calculated on the basis of actual figures, from 
OECD1s trade statistics, for 1980. 

4) e is a column vector with all elements equal to 1 .  
5) Analyses of the effects of policy measures affecting the intra-Nordic 

market shares can thereby be linked to the trade model through Ak1(k*l). 



k 1 k 
where X (T=O) and B (T=O) a r e  i den t i ca l  t o  X and B1, r espec t i ve l y ,  except 
f o r  t he  f a c t  t h a t  t h e i r  elements a r e  ac tua l  f i g u r e s  f o r  1 9 8 0 ~ ) .  

Country k ' s  intra-Nordic expor ts  and country k ' s  imports a r e  ca l cu l a t ed  
i n  an i t e r a t i v e  process.  In each i t e r a t i v e  s t ep ,  country k ' s  intra-Nordic 
expor ts  of NORDHAND-commodities a r e  ca lcu la ted  on t he  b a s i s  of f i gu res ,  
ca lcu la ted  i n  t he  preceding i t e r a t i v e  s t ep ,  f o r  t he  o the r  Nordic coun t r ies '  
imports of NORDHAND-commodities. Formally, t h i s  procedure i s  descr ibed by 

where, compared t o  ( I ) ,  t he  subscr ip ts  t and t - 1 ,  denot ing i t e r a t i v e  s t eps ,  
have been added. 

In each i t e r a t i v e  s t ep ,  r a t e s  of change of country k ' s  intra-Nordic 
expor ts  of NORDHAND-commodities a r e  ca lcu la ted :  

The i t e r a t i v e  process cont inues u n t i l  t he  fol lowing condi t ion i s  s a t i s f i e d :  

'k where E i s  t he  accep tab i l i t y  l i m i t  f o r  t he  va lues  of t he  elements of I X  I . t kAs long a s  the  i t e r a t i v e  process cont inues,  new va lues  f o r  the elements 
of X a r e  ca lcu la ted  a s  descr ibed by ( 4 ) .  Through t h ~  r e l a t i o n s  i n  the 
na t iona l  models, the  new va lues  f o r  the  elements of X generate new va lues  
f o r  the  elements of B ~ .  This f a c t  i s  accounted f o r  by means of the fol low- 
ing r e l a t i o n :  

k .  where t he  subsc r i p t s  t and t - I  denote i t e r a t i v e  s t eps .  V 1s  t he  impact 
matr ix ( c f r .  sec t ion  3.1) der ived from t he  na t iona l  model of country k. 

1) The symbol I N V  at tached t o  a  vez to r  (or  a  matr ix )  means t h a t  each element 
of t he  vec to r  (o r  the  matr ix )  i s  subs t i t u t ed  by i t s  inverse:  Y = INV X ,  
where X i s  a  vec to r ,  means t ha t  Y i  = l / X i  f o r  a l l  i. 

2) These f i g u r e s  a r e  f i gu res  from OECD's t r ade  s t a t i s t i c s .  
3) The symbol a t tached t o  a  vec to r  means a diagonal matr ix  with the  e le -  

ments of the vec to r  along the  main d iagonal .  The symbols t and t - 1  
denote i t e r a t i v e  s t eps .  

4)  The symbol I I at tached t o  a  vec to r  means t h a t  each element of the  
vec to r  i s  subs t i t u t ed  by i t s  numerical va lue.  



The j '  th element of the i'th row of vk I), represents the percentage impact 
on country k's imports of NORDHAND-commodity i of a one percentage increase 
in country k's intra-Nordic exports of NORDHAND-commodity j .  In this con- 
text it should be noted that the use of impact matrices is a simplification 
compared to ordinary calculations in the national models, and that the main 
reason for using impact matrices is to make the model system easier manage- 
able. 

The iterative process, formally described above, is started by setting 

where 

k 
Xo = vector of intra-Nordic exports of NORDHAND-comodities from country 

k, transformed from estimates used in the national model of country 
k; constant (1980-) prices; US$. 

BE = vector of imports of NORDHAND-commodities to country k ,  transformed 
from figures calculated in the national model of country k; constant 
(1 980-) prices; US$. 

The values of country k's intra-Nordic exports of NORDHAND-commodities 
(the values of the elements of ~ k ) ,  calculated in the last iterative step, 
and the corresponding values of country k's imports of NORDHAND-commodities 
(the values of the elements of Bk) are the outputs of the trade model. 

3.3. Construction of impact matrices used in the trade model 

The construction of the impact matrices used in the trade model neces- 
sarily involves (cfr. the definition of vk in section 3.2) th problems of 

27 transformation and retransformation mentioned in section 3.1 . 
The links between the commodity classification of the national model of 

country k and the commodity classification of the trade model are given by 
two value transformation matrices, TAk and Tm. The typical element of 

Ak 
T ,  t. ., represents exports of those micro-commodities3) that simultaneously 

belongij to commodity i of the national model of country k and NORDHAND- 

1) The matrix vk is of order (36 - 36). 
2) It should be noted, hovever, that the fact that the currency used in the 

trade model is different from the currencies used in the national models 
represents no problem in the construction of the impact matrices used in 
the trade model, since the elements of these matrices represent the 
percentage impacts on imports of percentage increases in intra-Nordic 
exports . 

3) The term "micro-commodities1' is used to denote the one-, two- and three- 
digit SITC-commodities of which the NORDHAND-commodities are aggregates. 

4) The value transformation matrices are constructed on the basis of actual 
figures for 1980, expressed in the national currency of the country in 
quest ion. 



commodity j .  The value transformation matrices are formally (and implicitly) 
defined by (9)-(12) : 

where 

= exports, from country k, of those components of the commodities of 
the national model of country k that are classifiable in terms of 
~ ~ ~ ~ - c o m o d i t i s s ~ ) ;  actual figures for 1980; national currency of 
ccuntry k; vector of order (nk - 1 12). 

where 

Ak = vector of exports of NORDHAND-commodities from country k; actual 
figures for 1980; national currency of country k. 

where 

= imports, to country k ,  of those components of the commodities of the 
national model of country k that are classifiable in terms of SITC- 
commodities; actual figures for 1980; national currency of country k; 
vector of order (nC . 1). 

where 

M~ = vector of imports of NORDHAND-commodities to country k; actual figures 
for 1980; national currency of country k. 

From the definitions of the matrices T Ak and T* it follows that they are 
both of order (nk . 36). 

The impact matrix is defined by: 

where 

xk = vector of intra-Nordic exports of NORDHAND-commodities from country 
k; actual figures for 1980; national currency of country k. 

k 
and where wk is a matrix3), the typical element of which, wij, representing 

1) In this context it should be noted that the commodities of the national 
models also contain components that are not classifiable in terms of 
SITC-commodities. 

2) nk is the number of commodities of the national model of country k. 
3) The matrix wk is of order (36 - 36). 



the percentage impact on country k's imports of NORDHAND-comodity i of a 
one percentage increase in country k's exports of NORDHAND-commodity j .  

k 
(13) implies that each element of V is proportional to the corresponding 
element of wk, with the share of intra-Nordic exports in total exports as 
the proportionality factor. 

In the follo in it is shown how the matrix wK is constructed: 
i. Thematrix Z k 
- ' 11, the typical element of which, rij: representing the 
l?ercentage increase in country k's exports of commodity 1 of the national 
model of country k that correspond to a one percentage increase in country 
k's exports of NORDHAND-commodity j, is constructed. The following relation 
applies: 

where 

= exports, from country k, of the commodities of the national model of 
country k; actual figures for 1980; national currency of country k; 
vector of order (nk . 1). 

k ii. The columns of Z are used as inputs in impact calculations in the - 
national model of country k. The output from these calculations is a matrix 
uk 2),  the typical element of which, u!., representing the percentage impact 
on country k's imports of commodity i og the national model of country k of 
a one percentage increase in country k's exports of NORDHAND-comodity j .  

k 
iii. The matrix W , defined above, is constructed. The following relation - 
applies : 

The impact matrix, to be used in the trade model, for country k, results 
from inserting (15) into (13): 

3.4. Transforming estimates used in, and outputs from, the national models 
and retransforming outputs from the trade model 

The procedure of transforming estimates used in, and outputs from, the 
national model of country k to satisfy the requirements of the trade model 
requires two shares&ansformation matrices, TSAk and TS*. The typical 
element of TSAk, tij , represents the share in total exports of commodity j 
of the national model of country k accqynted for by exports of those micro- 
commodities that simultaneously belong to commodity j of the national 
model of country k and NORDHAND-commodity i. The typical element of TSMk, 

t S m  represents the share in total imports of commodity j of the national 
model of country k accounted for by imports of those micro-commodities that 
simultaneously belong to commodity j of the national model of country k and 
NORDHAND-commodity i. The share transformation matrices are formally de- 
fined by (17) and (18): 

1) The matrix zk is of order (nk . 36). 
k .  2) The matrix U 1s of order (nk . 36). 

3) The share transformation matrices are constructed on the basis of actual 
figures for 1980, expressed in the national currency of the country in 
question. 



From the definitions of the matrices TSAk and TSa it follows that they are 
both of order (36 nk). 

As mentioned in section 3.1, the currency used in the trade model5) is 
different from the currencies used in the national models. Taking account 
of this fact, the following relation for transforming estimates, used in the 
national model of country k, of country k's intra-Nordic exports, applies6): 

where 

ck = units of US$ per unit of the national currency of country k ;  
figures for the year under consideration. 

=k 
\o = 

estimates, used in the national model of country k,  of country k's 
intra-Nordic exports of those components of the commodities of the 
national model of country k that are classifiable in terms of SITC- 
commodities; national currency of country k; vector of order (nk . 1). 

Analogously, the following relation for transforming figures for country k's 
imports, calculated in the national model of country k, applies: 

where 

- k 
The matrix T and the vector are defined in section 3.3. 

Ak.. 
If the mat* h s a t i s f i e d  the conditions for invertibility of 

matrices, INV AN = A; - I .  However, as will be returned to below, the 
-1. 

contains some elements that are equal to 0 and, consequently 

the matrix is not defined. 

The matrix T and the vector are defined in section 3.3. 
a,. 

If the matrix had satisfied the conditions for invertibility of 

-. 4 I .  However, as will be returned to below, the matrices, INV l$ = MN 

vector contains some elements that are equal to 0 and consequently, % 
A 

the matrix $ -' is not defined. 

The currency in the trade model is US$. 
(19), and also (21), applies under the assumption that the internal 
composition (in terms of micro-commodities) of country k's exports 
(classifiable in terms of SITC-commodities) of each commodity of the 
national model of country k is unaffected by destinational factors. 
The vector X: is defined in section 3.2. 

The vector B: is defined in section 3.2. 



go = figures, calculated in the national model of country k,  for country 
k's imports of those components of the commodities of the national 
model of country k that are classifiable in terms gf SITC-commodities; 
national currency of country k;  vector of order (n . 1). 

In section 3.3 it was noted that the commodities of the national models 
contain components that are not classifiable in terms of SITC-commodities. 
In fact, exports/imports of some commodities of the national models contain 

components that are not classj$iable-in terms of SITC-commodities'). 
This means that the vectors A: and M: contain elements that are equal 

to 0. This further means that (cfr. (9) and (11)) the matrices TAk and T* 

contain rows in which all elements are equal to 0 and, correspondingly that 
(cfr. (17) and (18)) the matrices TSAk and TS* contain columns in which all 

elements are equal to 0. In the following, the matrices that are identical - 

to TSAk and TSm, respectively, except for the fact that the columns in which + + ? \  '. L J 
all elements are equal to 0 have been deleted, are denoted T'. 

SAk and TsMk 
We now present a procedure for transformini*outputs from the trade 

model that is appliable for those k for which n < 363). 
The vector of outputs (from the trade model) for country k's intra- 

k Nordic exports is, in the following, denoted X fi ) .  For transforming out- 
puts (from the trade model) of country k's intia-flordic exports, the follow- 
ing relation applies: 

- 
.-k* - - 1 - (TSAk)-' *A xkA 4) 

(21) AN(fin) k (fin) 

*A 
where TSAk is identical to ~a~~ except for the fact that 36 - nk* have 

been deleted5) and where X kA is identical to X 
k 

( f id  
(fin) except for the fact 

that the corresponding 36 - nK" elements have been deleted. 
The vector of outputs (from the trade model) for country k's imports is, 

in the following, denoted B~ (fin). For transforming outputs (from the trade 

1) In other words exports/imports of these comodities consist exclusively 
of items (e.g. services) that are not classifiable in terms of SITC- 
comodities. 

2) The matrices ~a~~ and T : ~  are both of order (36 nk*), where nk* is 

the number of columns in TSAk and TSm containing elements different 
from 0. 

3) This condition is satisfied at least for the Norwegian national model, 
MODAG . 

4) If the vector 
-k* 
$(fin,, defined by (21) and being of order (nk* 1 is 

extended to include the nk-nk* zero elements that correspond to the 

nk-nk* columns of TsAk that was deleted in order to arrive at the matrix 
* =k 

TSAk, we arrive at the vector which is the vector X 
k 

%(fin) 
(fin) trans- 

formed to satisfy the requirements of the national model of country k. 
5) It should be noted that this deletion have to be done in such a way 

that the resulting matrix, *A which is of order (nk* . nk*), satisfy 
T ~ ~ k '  

the conditions for invertibility of matrices. 



model) of country k's imports, the following relation applies: 

*A 
where TSm is identical to T : ~  except for the fact that 36 - nk* have 

been deleted2) and where B k A is equal to B exEept for the fact that 
,.+(fin) (fin) 

the corresponding 36 - nK'. elements have been deleted. 

3.5. Sumarv of the technical descriution 

The technical description of the model system is, in the following, 
briefly summarized in the form of a flow-chart by means of which the inter- 
relations between the various parts of the model system, should become parti- 
cularly apparent. This flow-chart, which is presented 3yelow, is a more 
precise version of the figure presented in section 3.1 . 

1) If the vector -k* 
%(fin)' 

defined by (22) and being of order (nk* I), is 

extended to include the nk - nk* zero elements that correspond to the 

nk - nk* columns of T that was deleted in order to arrive at the * SMk 
matrix T -k 

we arrive at the vector M which is the vector B 
k 

SMk'  fin) (fin) 
transformed to satisfy the requirements of the national model of country 
k. 

2) It should be noted that this deletion have to be done in such a way that 

the resulting  matrix,^*^ which is of order (nk* - nk*), satisfy the SMk ' 
conditions for invertibility of matrices. 

3) For more precise definitions of the symbols defined in the flow-chart, 
cfr. sections 3.2 - 3.4. 



Nat iona l  model c a l c u l a t i o n s  o f  imports 
n o t  c l a s s i f i a b l e  i n  terms of SITC) t o  

:=try k; the  c o m d i t y  c l a s s i f i c a t i o n  
of the  n a t i o n a l  model o f  country k. 

Nat iona l  inpu t -  
output models ' 
f o r  Denmark. Fin- 
land. Noway and 

count r ies  and of in t ra -Nord ic  exports 

Sweden 
n o t  c l a s s i f i a b l e  i n  terms o f  SITC) from 

& t r y  k; the  c o m d i t y  c l a s s i f i c a t i o n  
i o f  the  n a t i o n a l  m d e l  of count ry  k. 

The vec to r  o f  country k ' s  imports o f  NORDHAND- The v e c t o r  of count ry  k ' s  in t ra -Nord ic  expor ts  of 
comnodlt ies i s  i n i t i a l l y  ca lcu la ted  by NORDHAND-canmdities i s  i n i t i a l l y  ca lcu la ted  by 

B = c k T m .  M ~ o  'k 

where 1 c k  = u n i t s  o f  US $ per  u n i t  of the na t iona l  
currency o f  country k; I / T ~ , , ~  = share transfonnat ion m a t r i x  fo r  country I 
k ' s  imports;  

= vec to r  o f  n a t i o n a l  model c a l c u l a t i o n s  of 
imports [ c ~ a s s i f i a b ~ e  i n  terms of SIX) 
t o  country k; the c o m d i t y  c l a s s i f i c a t -  

1 i on  o f  the  na t iona l  m d e l  of country k. 1 

X,k = ck . TsAk . 
where 

TSAk = 
share t rans fo rmat ion  m a t r i x  f o r  count ry  
k ' s  expcr ts :  

vec to r  o f  est imates of in t ra -Nord ic  expor ts  1 
( c l a s s i f l a b l e  i n  terms of SITC) from 
count ry  k; t h e  cammdi ty  c l a s s i f i c a t i o n  of 

, The vec to r  of country k ' s  in t ra -Nord ic  exports of The vec to r  of country k ' s  imports o f  NORDHAND-cow- 
NORDHAND-comdities i s .  i n  i t e r a t i v e  s t e p t & a l c u l -  d i t i e s  i s .  i n  i t e r a t i v e  step t. ca lcu la ted  by 1 B = (v' - i: + e i  0 B:., 

l * k  where 
1 where 

= v e c t o r  o f  c o r r e c t i o n  parameters f o r  
country k ' s  in t ra -Nord ic  exports o f  NORD. 
HAND-~Mmodities; 

M~~ = vec to r  o f  market shares by (NORDHANO-) 
conmodity o f  country k i n  country I ' s  
imports. 

hkl = v e c t o r  o f  parameters f o r  exogenous ad jus t .  
ments of the  market shares by (NORDHAND-) 
c o m d i t y  o f  country k i n  country 1 ' s  

I imports;  

8:-, = 
vec to r  o f  country 1 ' s  imports o f  NORDHA!ID 
comnodities, ca lcu la ted  i n  i t e r a t i v e  step ! t - 1 .  

The vec to r  o f  r a t e s  o f  change of count ry  k ' s  i n t r a -  
Nordic expor ts  o f  NORDHANO-comnodities i s ,  i n  i t e -  
r a t i v e  s tep  t. c a l c u l a t e d  by r 

impact m a t r i x  der ived  f r a n  t h e  na t iona l  

where E i s  t h e  a c c e p t a b i l i t y  
l i m i t  f o r  discrepancies. 

(continued opposite) 



----------- 

I) and ~ ~ ~ f i n ,  are ca lcu la ted  by I 

pectively. 

4 .  AREAS OF APPLlCATION FOR AND FURTHER DEVELOPMENT OF THE NORDHAND MODEL 
SYSTEM 

In section 3, a technical description of the NORDHAND model system was 
provided. In this section some types of problems for which the model system 
is supposed to be applied and some of the lines along which the model system 
is supposed to be further developed are briefly described. 

Some of the supposed areas of application for the NORDHAND model system 
are the following ones: 

a) Making a prognosis f the future development of imports and of 
intra-Nordic exportsPJ under the assumption of constant intra- 
Nordic market shares, and under reasonable assumptions about the 
economic policies pursued in the Nordic countries and about the 
development of the world economy. 

b) Making prognoses for the future development of imports and of intra- 
Nordic exports .2) 
- under alternative assumptions about the development of the intra- 

Nordic market shares. 
- under the assumption of an expansive economic policy pursued 

unilaterally in one of the Nordic countries. 
- under the assumption of coordinated expansive economic policies 

in the Nordic countries. 

c) Analyzing the effects on imports and on intra-Nordic exports of 

1) Through the relations in the national models it is then possible to make 
a prognosis, consistent with the prognosis for the future development of 
imports and of intra-Nordic exports, for the future development of other 
variables. 

2) Through the relations in the national models it is then possible to make 
prognoses, consistent with the prognoses for the future development of 
imports and of intra-Nordic exports, for the future development of other 
variables. 



various policy measures used in one or more of the Nordic countries. 

The technical descript~on provided by section 3 is a technical descrip- 
tion of a first version of the NORDHAND model system. Some of the lines 
along which this first version is supposed to be further developed are the 
following ones: 

a) Making the model system more comprehensive in the sense of including 
non-Nordic countries. 

b )  Making the national models more similar with respect to model 
structure. 

c) Making the trade model more elaborate by incorporating price 
relations. 



THE EXTERNAL TRADE DATA IN THE NORDHAND PROJECT: 
A SHORT DESCRIPTION OF THE STRUCTURE AND DEVELOPMENT 

OF TRADE BETWEEN THE NORDIC COUNTRIES, 1970-1981 

Bent Thage and Arvid Stentoft Jakobsen 
Danmarks Statistik, Copenhagen, Denmark 

1 The trade data 
For each of the four countries Denmark, Finland, Norway and Sweden 

there has for the period 1970-81 been established the following data on 
an annual basis: 

(a) Exports and imports of commodities subdivided according to 12 coun- 
tries/country groups and 36 commodity groups. The subdivisions have 
been chosen specifically to allow study of the main characteristics 
of the Nordic foreign trade, but at the same time the disaggregation 
has been kept at a manageable level. The countries/country groups are 
shown in table 2 and the commodity groups in table 3. The commodity 
groups are aggregated from two or three digit SITC, and are also de- 
fines so as to be aggregates of the 119 commodity groups defined in 
the IIASA/INFORUM project. The data have in all cases been estab- 
lished directly from the national foreign trade statistics. So for 
each of the four countries there exist two 36 x 12 matrices (one for 
exports and one for imports) for each of the twelve years 1970-81 and 
an updating to cover 1982 as well is at present taking place. 

(b) Unit values for exports and imports for each of the 36 commodity 
groups for 1970-81. The unit values exist for each of the four coun- 
tries, but are not further disaggregated by exporting or importing 
country. With a few exceptions the unit values are calculated from 
the OECD foreign trade data. 

(c) Average annual axchange rate from national currencies to US dollars 
published in OECD: Statistics of Foreign Trade, Series A. 

By means of (c) it is possible to transform the data mentioned in (a) 
into a common unit, US dollars, in current prices and by means of (b) fur- 
ther to make the transformation into a constant price concept which can 
be taken as a measure of volume. 

The following analysis is based exclusively on trade data converted 
into US dollars. It should, however, be kept in mind that this transform- 
ation usually will give a growth in trade (in current prices) different 
from the one measured in the national currency, as the exchange rate varies 
over time. The measures at constant prices will not be so influenced, but 
for the aggregates they will of course depend on the choice of base year. 

It is pointed out that these data and the subsequent analysis cover 
only commodities whereas services have been left out both for practical 
and theoretical reasons. In the total balance of payments context services 
do however play a considerable role in the Nordic countries. Of the total 
imports of goods and services in 1981 services counted for 30 per cent in 
Norway and about 15 per cent in the three other countries. For exports the 



percentages were about 20 for Finland and Sweden, 25 for Denmark, and 33 
for Norway. The level of these percentages has been rather stable over the 
last decade. 

2 The "country papers" 
In order to obtain a first impression of the structure and development 

of the Nordic trade it was in the beginning of 1983 decided, that the par- 
ticipants in the Nordhand project from each country should work out an 
analysis for the period 1970-81 based on their own data organized in a 
number of standard tables (and converted into US dollars). These papers 
are now available for Denmark, Norway and Sweden and shortly also for Fin- 
land. The papers each cover 20-25 pages and are not available in English. 
As these papers are themselves summaries of the developments in the period 
1970-81 it is easily understood that within the limits of this paper it 
is only possible to give a rather fragmentary descriptive analysis. This 
analysis is based exclusively on the standard tables in the "country papers". 

3. The structure in 1981 
In table 1 is shown imports and exports of commodities for each of 

the four countries. These figures are also related to gross domestic pro- 
duct (GDP). This reveals a striking similarity between the countries as 
£as as dependence on foreign trade is concerned. Exports and imports make 
up about 25-30 per cent of GDP in all four countries. When it comes to the 
dependence in intranordic trade the picture is a bit more varied, but gen- 
erally speaking the level is about 20 per cent of total trade. 

Table 2 shows for each country the percentage distribution of exports 
and imports on the 12 countries/country groups used in Nordhand. To be 
noticed is the biq part of Norwegian exports going to UK (natural gas and 
crude oil) and that Eastern Europe is the most important trading partner 
for Finland. Apart from this the patterns for distribution on geographical 
areas are quite identical, and if you did not know it would be hard to tell 
from the figures that Denmark is the only Nordic member of the EEC. In fact 
for all four countries the EEC is a much more important trading partner 
than the Nordic countries. 

In table 3 is shown a distribution of total Nordic exports on the 36 
commodities. For each commodity is also shown how much is exported to coun- 
tries outside the Nordic area. The overall per cent is 79,5, but there is 
a considerable variation between commodities. To be noticed is the big 
share which rather primary products have in total Nordic exports. It con- 
cerns gas and crude oil (Norway), ores (Sweden), food (Denmark), wood pro- 
ducts and paper (Finland, Norway and Sweden), iron and other metals (Swe- 
den, Norway). It is also characteristic that these commodities only to a 
limited extend are traded between the Nordic countries, where more manu- 
factured products are dominating. Whereas about 90 per cent of the above 
mentioned products are exported to countries outside the Nordic area, this 
is only the case for about 70 per cent of the more fabricated products (see 
bottom of table 3). 

4. The developments 1970-81 
The average annual growth rates 1970-81 at constant prices are shown 

in table 4. With two exceptions (imports to Norway and Sweden) trade with 
countries outside the Nordic area has had a faster growth in volume than 
intranordic trade. The trade between Denmark and Sweden has in particular 
had a slow growth. On the other hand no negative growth rates are found. 
All four countries have experienced a faster growth in exports than in im- 
ports over the period. This can be seen as the real adjustment to the de- 
terioration in the terms of trade caused by increase in energy prices, 



Table 1 Main characteristics of Nordic foreign trade 1981 (Mill. US dollars) 

Denmark Finla.nd Norway Sweden 

GDP 58.134 49.127 57.138 112.494 

~mports 17.431 14.199 15.625 28.867 

Exports 15.975 13.976 18 -165 28.. 562 

Percentage share of GDP: 

Imports 30.0 28,9 27,3 25,7 

Exports 27,5 28,4 31.8 25,4 

Percentage share of foreign trade with other Nordic countries: 

Imports 20,l 16,O 26,9 19.0 

Exports 19,8 21,4 14,9 23,9 

Table 2 Distribution of Nordic foreign trade by country 1981 (Current prices) 
- - - 

I Denmark i Finland i Norway i Sweden i 
~Exports i~mports iExports i Imports i~xports i~mports~~xports i~mports~ 

1 Denmark 3,3 2,2 4,1 6t1 7 ,a 6,2 

2 Finland 2.1 3.7 1 ,8 4 .4 6,5 6,6 

3 Norway 6,2 4.3 4.7 2,5 9,6 6,1 

4 Sweden 11,5 12,O 13,4 11,3 9,O 16,4 

1-4 Nordic coun- 
tries 19,8 20,l 21,4 16,O 14.9 26,9 23,9 18,9 

5 UK 13.6 11,9 10.7 8,l 40,O 13,6 10,O 12,O 

6 Germany FR 16,7 18,6 9,1 12,l 17,9 14.7 11.3 16.2 

7 Other EEC 
countries 15,O 16,8 12,l 10,l 8,8 11,9 17,4 14,3 

8 USA, Japan, 
Canada 8,9 12,7 5,O 11.8 5,l 17.7 8.3 12,5 

9 Other OECD 
countries 6,l 4,4 4,5 4,4 3t4 4,9 7,9 5,8 

10 Eastern 
Europe 1,8 3,7 26,5 26,5 1,4 2,6 3.7 4,4 

11 OPEC-coun- 
tries 5,7 3,3 4,4 5,8 2,O 1,7 7,O 9,3 

12 Other coun- 
tries 12,3 8,7 6,5 5,2 6,5 6.1 10,6 6.4 

Total 100,o 100,o 100,o 100,O 100,O 100,O 100,O 100,O 



Tahle  3 Expor ts  1981 . From the  Nordic a r c a .  t o t d l  and t o  t h e  r e s t  o f  t h e  world 
( C ~ r r e n t  p r i c e s  . Mi l l  . US d o l l a r s )  

To ta l  e x p o r t s  Of which t o  Expcr t  s h a r e  

Conmodity ' from t h e  f ou r  a t h e r  thar  t o  r e s t  o f  
Nordic coun- Nord ic  court- t h e  world 
t r i e s  t r i e s  (=2/1)  

1 2 3 

A g r i c u l t u r a l  p roduc t s  ..... 
F ishe ry  p roduc t s  ............ 
F o r e s t r y  p roduc t s  ........... 
Coal ........................ 
Gas ......................... 
Crude o i l  ................... 
Pet ro leum p roduc t s  .......... 
E l e c t r i c  power .............. 
I r o n  o r e  .................... 
Other  o r e s  and m ine ra l s  ..... 
Food p roduc t s  ............... 
Beverage and tobacco ........ 
T e x t i l e s  .................... 
Clo th i ng .  l e a t h e r .  foo twear  . 
Sawn and p l aned  wood ........ 
F u r n i t u r e  ( a l s o  o f  me ta l s )  . .  
Other  wood p r s d u c t s  ......... 
wood p u l p  ................... 
Paper  and pape r  p roduc t s  .... 
P r i n t i n g  and pub l i sh i ng  ..... 
Rubber p roduc t s  ............. 
Primary chem ica l s  a n d p l a s t i c s  

Other  chem jcz l s  and p l a s t i c  
p roduc t s  .................... 
Non-meta l l i c  m ine ra l  b u i l d i n g  

.................... m a t e r i a l s  

G lass  and ceramic  p roduc t s  .. 
I r o n  and s t e e l  .............. 
Ncn-ferrous me ta l s  .......... 
Metal  proclucts .............. 
Non-e lec t r i c  machinery ...... 
E l e c t r i c  machinery .......... 
Motor v e h i c l e s  .............. 
Ships .  o i l r i g s .  e t c  ......... 
Otiler t r a n s p o r t  equipment ... 
P r e c i s i o n  i ns t r umen ts  ....... 
Other  manufac tur ing  p roduc t s  . 
Other p roduc t s  .............. 

T o t a l  ........................... 76.086.6 60.471.1 - 79.5 - 
Sum of commodit ies No . 5. 6 . 9 .  
1 0  . 11. 15. 17-19. 26. 27 ....... 32.975.9 29.410.0 89.2 

Sum of  o t h e r  commodit ies ........ 43.110.8 31.061.1 72.0 

' ~ n  e x a c t  d e s c r i p t i o n  of e ~ c h  c c m o d i t y  i n  te rms o f  SITC is  g i ven  by ~ a a l  Sand and 

Gunndr S o l l i e  I n  "Techn ica i  l l e sc r i pc i on  of t h e  Nordhand model sys tem"  a l s o  Drc- 
s e n t e n  at t h i s  Cor lTersnc~ . 



although in the case of Norway this explanation is not valid. 
In table 4 the growth rate of each trade flow is given twice, namely 

partly seen from the exporters point of view and partly seen from the im- 
porters point of view. For example it is seen that Danish exports to Fin- 
land had a growth rate of 4,8 per cent whereas  inni is him ports from Denmark 
had a growth rate of only 3,9 per cent. Other comparisons of growth rates 
show similar or even bigger differences. It is well known that foreign 
trade statistics in current prices show more or less different figures 
depending on whether they are reported by the exporter or the importer. 

Table 4 Average annual growth rate 1970-81, constant prices* 

;Reporting country: 

: Sweden i Denmark i Finland i Norway : 
~ ~ x p o r t s ~ ~ m p o r t s ~ ~ x p o r t s i ~ m p o r t s i E x p o r t s ~ ~ m p o r t s ~ ~ x p o r t s ~ ~ m p o r t s  i 

Denmark . . . . . . . . 3,4 3,9 1,7 4,3 or8 O,4 

Finland . . . . . . . 4,8 6,l 5,2 11,4 3,9 6,7 

Norway ....... 4,8 3,3 8,4 6,s 2,1 3,1 

Sweden ....... 0.7 0,3 4,7 3,1 1,7 2,7 

Total Nordic 
countries ..... 2,3 1,8 5.2 3,6 2,O 4,1 2,1 3,s 

~ 1 1  countries.. 5,4 2.1 5,7 3,8 6,O 3,s 3,3 1,4 

* Denmark, Finland, Norway = 1975-prices. Sweden = 1980-prices. 

Such differences can, however, usually be explained by the problems of cif- 
fob, timing of registration, faulty classification, etc., and do not appear 
to be important on the more aggregated level, even though a number of such 
problems have been detected at the 36 commodity group level. The main cause 
for the differences in table 4 is however the deflation procedure used. In 
deflating imports it is assumed that the price development is independent 
of the origin, and in deflating exports the same index is used for all 
buyers. The table shows that this hypothesis does not hold and that a 
choice has to be made. The expectation will be, that the unit prices of 
the exporter are the ones to be relied on, and this is in agreement with 
the usual treatment in foreign trade models. 

Table 5 shows for both imports (A )  and exports (B) the development in 
the relative shares in the intranordic trade over the years 1970, 1975 and 
1981. The reporting country is in the heading of the table. The general 
tendency to relative decline in the intranordic trade is seen from the 
table. It is interesting to notice that the decline is primarily seen in 
the export shares. This is explained by a relatively slow growth in Nordic 
trade compared to the world trade. For example did Finland increase its 
share in Sweden's imports from 5,57 per cent in 1975 to 6,65 per cent in 
1981, whereas at the same time Sweden's share in Finnish exports declined 
sharply from 18,05 per cent to 13,36 per cent. (Please note that there is 
no contradiction between these two developments). 

Part A of the table showing the development in market shares has been 
further disaggregated by commodity. Only the table showing the developments 
in Danish market shares in the other Nordic countries has been reproduced 



A :  - Nordic countr ies '  import share i n  each others markets 1970, 1975 and 1981, current p r i ces  

Denmark Finland Norway Sweden 
! 

Importing country 
I1970 1975 1981 I1970 1975 1981 i1970 1975 1981 I1970 1975 1981 I 

Exporting country: 

Denmark .............. 2,92 2.99 2,18 6.22 5.80 6,13 7,75 7,06 6.21 

Finland .............. 3.01 2.62 3,71 2,38 2.89 4.36 5.14 5.57 6.65 

Norway ............... 3.95 4.84 4.30 2.38 2.60 2.50 5.81 6.62 6.14 

Sweden ............... 15.93 14,22 12,05 16,ll 15,93 11,30 20.11 19.24 16,43 

22,89 21.68 20.06 21,41 21.52 15.98 28.71 27-93 26.92 18,70 19,25 19,OO 

B: - Share o f  export going t o  other Nordic countr ies,  1970, 1975 and 1981, current p r i ces  

Denmark Finland Norway Sweden 
Exporting country i 

I1970 1975 1981 I1970 1975 1981 -1970 1975 1981 i1970 1975 1981 i 
Importing country: 

Denmark .............. 4.09 3.59 3.32 7,19 7.24 4.11 9,79 8,63 7.78 

.............. Finland 2.33 2.24 2.07 2.45 2,74 1.81 6.28 7.16 6.48 

............... Norway 7.09 6.57 6.22 3.69 4.71 4.71 10.83 11.15 9.59 

............... Sweden 16.88 14.96 11.50 15,ll 18.05 13,36 16-18 15.85 8.99 

26.30 23.77 19.79 22,89 26,35 21.39 25.83 25.83 14.92 26,90 26.94 23,85 
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here as table 6. It shows that behind the relatively smooth developments 
shown by the overall shares are found considerable shifts for individual 
commodities. So at the detailed level the picture of the intranordic trade 
is a much more dynamic one. 

From table 3 and 6 is seen that trade in energy products (commodities 
No. 4-8) both overall and between the Nordic countries is considerable and 
has increased strongly from 1970 to 1981. As the trade in refined petroleum 
products (which in 1981 amounted to about 20 per cent of the total trade be- 
tween Denmark and Sweden) is mostly a question of where the multinational 
oil companies have placed their refineries and the Norwegian gas and oil 
from the North Sea cannot be seen as a part of the general Nordic trade 
pattern, table 5 have been recalculated after leaving out the energy pro- 
ducts. The results are shown in table 7. Even though the general picture 
from table 5 is upheld, there are important differences in part A of the 
table for Denmark and in part B for Norway. when energy is excluded the 
Norwegian trade pattern with the Nordic countries has been quite stable 
over the period. The decline of import share in the Swedish market for the 
other Nordic countries is even more outspoken in this table. 





EFFECTS OF A DEVALUATION: THEORETICAL FOUNDATIONS 
OF AN ANALYSIS WITHIN THE FRAMEWORK OF THE 

NORDHAND MODEL SYSTEM 

Sturla Henriksen 
Central Bureau of Statistics, Oslo, Norway 

INTRODUCTION 

The purpose of this paper is to give a theoretical foundation for the 
analysis of the effects of a devaluation within the frame of the present 
version of the NORDHAND-model system. 

In the first part of this paper an equilibrium model for world trade of 
manufactured products is developed. The model is based on works by Samuelsen 
(1973), Deppler and Ripley (1978) and Frenger, Jansen and Reymert (1979). 

In the second part of the paper, the NORDHAND-model is discussed and 
related to the theoretical model. The last part outlines a formal analysis 
of the effects of a devaluation. 

1. AN EQUILIBRIUM MODEL FOR WORLD TRADE OF MANUFACTURED PRODUCTS 

The structural model consists of a set of pricesetting functions, a set 
of demand equations and a set of equilibrium conditions. 

Like in Armington (1969) the products are distinguished not only by 
their kind, e.g. machinery and textiles, but also by their placeof production. 
Thus Swedish and Norwegian textiles are in the model distinguished as two 
different products. The products are distinguished from one another in the 
sense that they are imperfect substitutes in demand. 

Thus, sne good is not only different from any other good, but also as- 
sumed to be differentiated (from the buyers point of view) by the producers 
country of residence. Using these assumptions, the goods are considered to 
be homogeneous ineachcountry's exports, and heterogeneous in each country's 
imports. 

There are L countries in the model, each of which produces goods and 
sells them on the world market in competition with each other. 

The model is treating each country as a "macro-producer". 
The supply of exports from country k is derived assuming profitmaxi- 

mizing behaviour and imperfect competition. The assumption of imperfect 
competition follows from the assumption that the products are imperfect sub- 
stitutes in demand. This principally gives each exporting country mono- 
polistic position, making it difficult, or even meaningless, to use supply 
equations for export. The supply of a given product will instead be re- 
presented by the following pricesetting-function 

(I. la) 

(The +- signsunder the arguments denote positive first-order derivates.) 
Here PXk is the unit price of the good exported from country k measured in 
a numeraire currency. Ek denotes the rate of exchange (price pr. unit) 



of the numeraire currency measured in units of country k's currency). - 
pXk is a weighted average of the competing countries export unit prices for 
the given good measured in the numeraire currency: 

where B1 are the weights. 

Furthermore, in (1.l.a) QXk denotes variable unit costs measured in the 
numeraire currency. CXk denotes the capital stock. The elasticity of the 
export unit price w.r.t. the variables of the function (l.l.a), will depend 
on the countr* competitive position on the export market. If the product 
has close substitutes in demand, the exporting-country will behave like a 
price taker, and the elasticity of PXk w.r.t. pXk will be positive and close 
to one, while the elasticity of PXk w.r.t. 1/Ek and QXk will be positive and 
close to zero. If, on the other hand, the product has no close substitutes, 
in demand, the exporting country will behave like a price setter, and the 
elasticity of PXk w.r.t. F x ~  will be positive and close to zero, while the 
elasticity of PXk w.r.t. 1/Ek and QXk will be positive and greater than zero 

The demand for imports is determined in two steps. This approach pre- 
supposes independence between a given exporting country's share in a.given 
country's imports, and the level of the imports. Furthermore, it is assumed 
that the same good produced in different countries are imperfect substitutes 
in demand, and that the shares of each exporting country in other countries 
imports is determined by relative import prices. 

In the first step country k's share of country 1's imports of a given 
good (SMlk) is determined as a function of the price of imports to country 
1 from country k (PMlk), and the price of imports to country 1 from all 
other countries competing with country k in country 1's import market: 

A * 

SMlk = SMlk(PM11, . . . ,PMlL) 

Here "^" denotes prices measured in country 1's currency. 
The function (1.2') is assumed to have been derived from a product 

function or a utility function on the basis of cost minimization or utility 
maximization. Furthermore (1.2') is assumed to be homogenous of degree 0 
in all prices. Consequently, dividing by the exchange rate, the arguments 
in (1.2') canbemeasured in the numeraire currency: 

- A 

SMlk = SMlk(~Mll/El, ... ,PMlL/El) 

The sizeof the first-order derivatesof SMlk canbegiven the following 
interpretation: If a good imported to country 1 from country k and country 
j are close substitutes, it will be of relatively little importance for the 
demanders in country 1 which of the goods they are buying. Hence, a small 
change in relative import prices results in relatively considerable changes 
in the shares of imports. 

The exporting countries' shares in each country's imports must :urn to 
unity: 

C SMlk = 1 

kf 1 

In the second step the level of country 1's demand for imports of a 
given good (MI) is determined as a function of total domestic demand (Dl), 
and the unit price of domestic production (PHI) in relation to an index of 



import prices (PM1) for the good: 

M1 = M1 (Dl ,PHl/PMI.) (1.4) 
+ + 

The index of import prices for each good is defined as a function of 
all prices of imports of the good from different countries: 

Total imports of the good to country 1 from country k (Mlk) is given by 

Each country's total exports of a good must, per definition, equal the 
sum of all other countries' imports of the good from that country: 

Xk = C Mlk (1.7) 
1 +k 

The model is completed by assuming a relation between the unit price of 
imports to country 1 from country k (PMlk) and the unit price of exports 
from country k(PXk) : 

PMlk = PMlk(PXk) (lSk) (1.8) + 
Summarizing the model, the system (1.1) to (1.8) gives ~ ( 3 ~ + 2 )  independent 
equations in L(3L+2) endogenous variables for each good: 

Endoeenous variables: 

PXk - Price per unit of exports from country k 
- Weigthed average of unit prices of eksports from 

countries competing with country k on the export 
market 

SMlk - Country k's share of country 1's import 
PMlk - Price per unit of imports to country 1 from country k 
M1 - Volume of total imports to country 1 
PM1 - Index of unit prices for imports to country 1 
Mlk - Volume of imports to country 1 from country k 
Xk - Volume of exports from country k 

Number of 
variables : 

L 

Exogenous variables: 

Ek - Price per unit of the numeraire currency measured in 
country k's currency L 

QXk - Variable unit costs in country k L 
CXk - Volume of capital stock (or production capacity) in 

country k L 
Dl - Volume of domestic demand in country 1 L 
pH1 - Unit price of domestic production delivered to the 

domestic market in country 1 L 

2. THE NORDHAND MODEL SYSTEM 

The NORDHAND model can be related to the above described theoretical 
model by using L=5 countries: Denmark (D), Finland (F), Norway (N), Sweden 
( S )  and the rest of the world (W) . 

In the present version of NORDHAND, only the volume-variables Xk and 
Mlk(l=D,F,N,S) are endogenously determined, while the rest of the variables 



are treated exogenously. This implies that the present model is a pure 
quantity model. 

The NORDHAND model reduces the system (1.1)-(1.8) to assystem consisting 
of (1.6) and (1.7). This system, solved w.r.t. Xk(k=D,F,N,S), is represented 
by the equation (1) in the paper "~echnical description of the NORDHAND model 
system" (included in this proceedings volume) by P. Sand and G. Sollie. 

In the model system (1.1)-(1.8) adjustments of the exchange rates causes 
changes in relative prices and thereby changes in traded volume of goods. 

In order to do an analysis of the impacts of a devaluation, it will be 
necessary to expand the present NORDHAND model. It seems logical, as a 
first step, to do this by endogenizing each exporting country's share of 
each Nordic country's imports. 

One way of doing this is to start by specifying the relations between 
export unit prices and import unit prices given in function (1.8). As a 
simplified specification can be used: 

~ ~ l k  = olk.pxk (l+k) (2.1 .a) 

where - l=D,F,N,S 
- k=D,F,N,S,W 

Combining (2.1.a) and (1.2) gives 

11 1L SMlk = SMlk(O PXl, ..., O PXL) (l+k) (2.1 .b) 

The constant elasticity of substitution (CES) demand system set out by 
Armington (1969) provides a basis for developing a manageable set of export 
demand relationships. The approach involves the assumption that (i) the 
elasticities of substitution between competing products in a given market 
are independent of market shares, and that (ii) the elasticity of sub- 
stitution between two competing products in a given market is the same as 
that for any other pair of competing products in the same market. While 
equal in cross-sectionsofa given market, the elasticities of substitution 
will in general be different across different markets. By introducing the 
additional assumption that the elasticities of substitution are constant 
over time, estimates of (2.1.b) can be done by pooling cross-sections and 
time-series data. In NORDHAND's database PXk and SMkl (~=D,F,N,S; 1= 
D,F,N,S,W) are available for the period 1970-81. 

As a proxy-variable for PXW can be used the indices of import unit 
prices for the Nordic countries, which are available in the database. 

While estimating the functions for each Nordic country's share of the 
other Nordic countries imports, the share of the rest of the world is re- 
sidually determined by using the condition that market shares must sum to 
one : 

SMlW = 1 - X SMlk 
k+l 

where - l,k=D,F,N,S 
For most goods, the share of the rest of the world is relatively large. 

Thus, errors in the estimations of the Nordic countries shares will result 
in relatively smaller errors in the shares of the rest of the world. 

3. OUTLINE OF A FORMAL ANALYSIS OF THE EFFECTS OF A DEVALUATION 

By including the estimated import share functions, the NORDHAND model 
system will consist of the following equations: 



xkN = C SMlk*MI 
1 

where l,k = D,F,N,S 

* 
SMlk = SMlk (PXl , . . . ,PXL) 

where l,k = D,F,N,S 

SMlW = 1 - Z SMlk 

k+l 

where l,k = D,F,N,S 
The system (3.1) to (3.3) gives 20 independent equations in 20 endogenous 

variables for each good: 

Endogenous variables: 

xkR - Volume of exports from country k to the other 
Nordic countries (k=D,F,N,S) 

SMlk - Country k's share of country 1's imports (l+k) 
(k=D,F,N,S,W and l=D,F,N,S) 

Number of 
variables: 

Exogenous variables: 

M1 - Volume of total imports to country 1 (l=D,F,N,S) 4 
PXk - Price per unit of exports from country k (k=D,F,N,S,W) 5 

An analysis of the effects of a devaluation within this model system, 
must start with calculations of the effects on the other Nordic countries 
currencies. When one Nordic country devaluates its currency, the other 
Nordic countries (except Denmark) will devaluate their currency somewhat in 
relation to the rest of the world. The reason is that the other Nordic 
countries currencies are included in the "baskets" which determine the values 
of each Nordic country's currency (except Denmark). 

Adjustments in the rates of exchange will in general have two kinds of 
"firstorder"-effects on the c~untries'im~orts: 

(i) The level of imports is changed if the adjustments result in changes 
in relative prices between domestically produced and imported goods. 

(ii) The distribution of import shares on exporting countries is changed if 
the adjustments result in changes in relative prices between imports 
from competing countries. 

In the system (3.1) to (3.3) the level of imports is determined 
exogenously. Thus, so far the level of imports is assumed to be generated 
by the national input/output models. 

Changes in the exporting countries' shares of each Nordic country's 
imports is generated by the system (3.1) to(3.3). The starting point will be 
assumptions on how a devaluation affects the export unit prices measured in 
the numeraire currency. A general design of this assumed relationship can 
be the pricesetting-functions given in (1.l.a): 

1 PXk = PXk(-, P$k, QXk; CXk) 
E$ 

where k = D,F,N,S. 
1 .  A devaluation of cou try k's currency means that 1s reduced. The '7 elasticity of PXk w.r.t. m, E P X ~ ,  will be a measure of the effect of a 

devaluation on the export unit price (the latter measured in the numeraire 
currency) : 



, 10 no effect 
E P X ~  = 1 

- 1  full effect 
L 

A reoort from Statens Industriverk (1983) shows that the average 
magnitude of E for manufactured goods (excl. ores) was -0.5 after the 
Swedish devaluation in 1982. 

Therelationsin (3.4)consists of 4 sets (=number of <ordiccountries) of 36 
behavioural equations (=number of NORDHAND goods). These can principally 
be treated in two ways. Either they can be estimated to include the rates 
of exchange directly in the market share relations (3.2to (3.3), or they can 
be determined by different assumptions or scenarios. At the present stage 
of the NORDHAND project, the latter solution seems to be most realistic. 

A flow-chart of the analysis is shown on the next page: 

A Nordic country k devaluates, and this is put into the relations for 
dependence between the currencies of the Nordic countries (1). New rates 
of exchange are generated (2). These will, by asshptions of the exporters 
price behaviour (3), result in new export unit prices ( 4 ) .  Furthermore, the 
import unit prices arechanged (5). If relations given in (1.8) are 
established and estimated, the new import unit prices will be functions of 
the new export unit prices (5'). The new export and import unit prices will 
enter exogenously into the national input/output models ((6), (7)), 
generating new figures of total imports (8). The new export unit 
prices also enter the equations determining the distribution of market 
shares (9), and new market shares are calculated (10). The new figures for 
market shares and total imports are then used as new input in the present 
NORDHAND model (here called "1. NORDHAND-version") ((1 I), (12)), and new 
figures for intra-Nordic exports and total imports are generated (13). 
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EFFECTS OF A SWEDISH DEVALUATION ON TRADE AND 
PRODUCTION IN THE NORDIC COUNTRIES: CALCULATIONS 

USING THE NORDHAND MODEL SYSTEM 

Hans Olsson 
Statens Industriverk, Stockholm, Sweden 

1. I n t r o d u c t i o n  

I f  one o f  t h e  Nordic  coun t r i es  devaluates i t s  cu r rency  - as Sweden d i d  
1977, 1981 and 1982 - t h i s  w i l l  i n  t h e  f i r s t  p lace  a f f e c t  t h e  economy o f  
t h e  deva lua t ing  coun t ry  i t s e l f .  However, due t o  t he  c l o s e  t r ade  r e l a t i o n s  
i n  t he  Nord ic  area cons iderab le  e f f e c t s  m igh t  be expected a l s o  i n  the  o ther  
Nordic  c o u n t r i e s  - presumably i n  oppos i te  d i r e c t i o n s .  

A deva lua t i on  i n ,  say, Sweden w i l l  l ead  t o  increased impo r t  p r i c e s  i n  
r e l a t i o n  t o  p r i c e s  o f  domestic product ion,  and t o  decreased Swedish expo r t  
p r i c e s  on f o re i gn  markets i n  r e l a t i o n  t o  o the r  coun t r i es  product ion.  I n  due 
course t h i s  w i l l  l ead  t o  decreased market shares f o r  f o re i gne rs  i n  t h e  Swedish 
market  and t o  increased market shares f o r  Swedish expor te rs  i n  f o r e i g n  mar- 
kets.  Th is  w i l l  mean increased p roduc t ion  i n  Sweden, bo th  f o r  sa les on t h e  
domestic and f o r e i g n  markets. For  c e r t a i n  products t h e  case. may be d i f f e r e n t  - 
as w i l l  be c l e a r  i n  t he  f o l l o w i n g  - b u t  t h e  general r e s u l t  w i l l  be something 
o f  t h i s  k ind .  

Now, s i nce  some 15 o r  20 per  cen t  o f  t h e  o the r  Nordic  c o u n t r i e s '  expor ts  
go t o  Sweden, t he  reduced Swedish impor ts  w i l l  have a negat i ve  impact on t h e i r  
expor ts  and p roduc t ion .  Also, s ince  some 15 o r  20 per  cen t  o f  t he  o the r  
c o u n t r i e s '  impor ts  come from Sweden, t h e  increased compet i t iveness o f  Swedish 
expor ts  w i l l  mean increased imports  and a f u r t h e r  negat i ve  impact on t h e i r  
product ion.  Another, b u t  probably l e s s  impor tan t ,  nega t i ve  e f f e c t  on t he  o the r  
Nordic  coun t r i es  w i l l  r e s u l t  from e.g. Norway l o o s i n g  market  shares t o  Sweden 
i n  e.g. t h e  Danish market. F i n a l l y ,  i t i s  poss i b l e  t h a t  e.g. Norway looses  
market shares ou t s i de  t h e  Nord ic  area. However, due t o  t he  f a c t  t h a t  Sweden's 
market shares f o r  most products a re  small ou ts ide  t h e  Nordic  area, t he  l a t t e r  
squeezing-out e f f e c t  w i l l  be r a t h e r  unimportant.  Except ions migh t  e x i s t  i n  
e.g. F i n l and  l o o s i n g  market  shares t o  Sweden on t h e  European markets f o r  wood 
and paper products. 

The e f f e c t s  mentioned so f a r  may be descr ibed  as the  p r imary  o r  f i r s t -  
round e f f e c t s .  These are c l e a r l y  p o s i t i v e  f o r  Sweden - t he  deva lua t ing  coun t r y  
- and negat i ve  f o r  t h e  o the r  coun t r i es .  The l a b e l  f i r s t - r o u n d  does no t  imply 
t h a t  the  e f f e c t s  a re  t o  be seen immediate ly  o r  be fo re  a l l  o ther  e f f e c t s .  
Rather, t he  l a b e l  i s  a mat te r  o f  l og i cs .  I n  p r a c t i c e  i t may take  2 o r  3 yea rs  
be fo re  these f i r s t - r o u n d  adjustments are f i n i shed .  E f f e c t s  o f  a  secondary 
cha rac te r  beg in  - i n  s p i t e  o f  t h i s  - t o  appear r a t h e r  soon, p a r a l l e l 1  t o  the 
development o f  p r imary  e f f e c t s .  These secondary e f f e c t s  are o f  severa l  k inds .  

I n e v i t a b l y ,  t h e  increased p roduc t i on  i n  Sweden and decreased p roduc t i on  
i n  t h e  o the r  c o u n t r i e s  w i l l  i nc rease  and decrease, r espec t i ve l y ,  impor ts  o f  
i n p u t  goods i n t o  product ion.  Th is  w i l l  tend  t o  reverse  t he  e f f e c t s  on 
p roduc t ion  somewhat: t he re  w i l l  be so~ne more expor ts  from t h e  o t h e r  Nordic  
c o u n t r i e s  t o  Sweden and some l e s s  expor ts  from Sweden t o  t he  o the r  Nordic  
coun t r ies .  



A1 so, there will be an increase in income in Sweden and a decrease in 
income in the other Nordic countries, resulting from the changes in value 
added of production. In real terms, admittedly, these income changes will be 
offset part ial ly by the changes in prices of imports. The changes in income 
may induce further changes in demand for imports and thus further changes in 
bi lateral trade flows. 

The extent of changes of the l a t t e r  kind will depend on the measures 
taken by the economic policy makers. The authorit ies in Sweden may, for 
instance, decide to keep private real income unchanged in order to secure the 
positive effects on balance of trade. 

In real l i f e  many things except a devaluation affects trade flows and 
production figures. In order to isolate and measure the effects of a 
devaluation i t  i s  useful, i f  not necessary, to use some kind of a model. 

'The present calculations of the effects on the Nordic countries trade and 
production have been made with the help of data and estimates belonqinq to the 
NORDHAND model system for the Nordic countries. The trade model included in 
th is  system has 36 different product groups (services are not included). 
Unfortunately, al l  the behavioural equations that would be needed for a 
correct calculation of effects on bilateral trade flows for a1 1 commodity 
groups are not yet available. With supplementary information on price 
behaviour and assumed e las t i c i t ies  from other models and investigations, i t  
has nevertheless been possible to make some indicative calculations which seem 
reasonable on a macro level. 

Before embarking on the actual resul ts i t  i s  necessary to discuss the 
different assumptions made for two main product categories, homogenous 
products and heterogenous products. 

2. Homogenous and heterogenous products 

Homogenous products are products l ike agricultural products, fuel and raw 
materials o f  different kinds. For such products the price i s  qiven on the 
world market, leaving only s l ight and temporary possibi l i t ies for different 
se l lers  to charge different prices. Thus, a l l  sel lers and buyers could be 
assumed to trade a t  the same world market price. After a devaluation of the 
Swedish krona, the Swedish import price of such a product will increase by the 
increase in price of foreign currency. If the product, apart from being 
imported, also i s  produced in Sweden, the price of the domestic production 
will increase by the same amount, adjusting to the world market price level. 
There will be no increase in relative orice for imported goods and no increase 
in import volumes - a t  least not in the f i r s t  round. 

Likewise, for Swedish exports of homogenous products, the price co~ll d be 
assumed to be unchanged on the world market. This would mean an increase, 
measured in Swedish currency, by the increase in price of foreiqn currency. 
Thus, there will be no lowered relat ive Swedish export price and no increased 
demand from abroad. 

While giving no volume effects,  i t  should be pointed out that the 
devaluation results in increased profit  margins for homogenous products. In 
some cases this might lead to increased willingness to sell  and thus to higher 
market shares from the supply side. Such effects are, however, not incorporat- 
ed in the calculations that follow. 

For heterogenous products, i .e.  clothing, engineering products and other 
manufacture products, the case i s  different. Here, there exist  no we1 1 -defined 
world market prices. Swedish producers can, a f te r  a deval  atio ion, by keepins 
their  price increases on the home market below the r ise in import prices, gain 
market shares in relation to imports. This would of course limit the increase 
in prof i t  margins per unit of output as compared with homogenous products. 



An inc rease  i n  r e l a t i v e  i m p o r t  p r i c e s  i s  t h e  l i k e l y  r e s u l t .  Th is  inc rease  
w i l l  most probably ,  however, n o t  be as b i g  as t h e  inc rease  i n  p r i c e  o f  f o r e i g n  
currency.  F i r s t ,  t h e r e  w i l l  probably  be some i n c r e a s e  i n  Swedish p r o f i t  
margins, l i m i t i n g  t h e  r i s e  i n  r e l a t i v e  import p r i c e s .  Second, t h e  p r i c e  o f  
impor ted  i n p u t  goods w i l l  i nc rease  - l i k e  a l l  impor ts  - making cos ts  h igher .  
T h i r d ,  t h e  i m p o r t  p r i c e s  themselves may inc rease  l e s s  than  t h e  p r i c e  o f  
f o r e i g n  currency,  i f  f o r e i g n  producers lower  t h e i r  p r o f i t  marg ins i n  o rder  t o  
p reserve  t h e i r  compet i t i veness  on t h e  Swedish market.  

On t h e  Swedish e x p o r t  markets  f o r  heterogenous products ,  Swedish f i r m s  
w i l l  p robab ly  lower  t h e i r  p r i c e  measured i n  f o r e i g n  cur rency  - which was n o t  
t h e  case f o r  homogenous products .  Should they  keep t h e i r  p r i c e  unchanged i n  
Swedish cur rency  t h e  p r i c e  abroad would f a l l  by t h e  same amount as t h e  
decrease i n  p r i c e  o f  Swedish currency.  The ac tua l  r e l a t i v e  e x p o r t  p r i c e  
decrease w i l l ,  however, probably  be lower  than t h a t ,  i m p l y i n g  some inc rease ,  
measured i n  Swedish crowns. The reasons a r e  about  t h e  same as i n d i c a t e d  above 
f o r  r e l a t i v e  i m p o r t  p r i c e s :  some inc rease  i n Swedish p r o f i t  margins, i nc reased  
c o s t s  f o r  impor ted i n p u t s  and t h a t  f o r e i g n  compet i to rs  may lower  t h e i r  p r o f i t  
margins t o  m a i n t a i n  t h e i r  compet i t iveness.  

The Annex i n d i c a t e s  which products  have been cons idered  homogenous and 
heterogenous, r e s p e c t i v e l y .  

3. C a l c u l a t i o n  o f  f i r s t  round e f f e c t s  

The c a l c u l a t i o n s  be1 ow a r e  based on t h e  assumption t h a t  Sweden devaluates 
i t s  krona by 10 per  cent .  It i s  f u r t h e r  assumed t h a t  a l l  o ther  exchange r a t e s  
a r e  unchanged i n  r e l a t i o n  to each o ther .  I n  p r a c t i c e ,  when Sweden devaluates,  
Norway and F i n l a n d  ( b u t  n o t  Denmark) w i l l  a l s o  devaluate somewhat i n  r e l a t i o n  
t o  t h e  r e s t  o f  t h e  world. The reason i s  t h a t  t h e  Swedish krona i s  inc luded  i n  
t h e  baskets o f  c u r r e n c i e s  which determine t h e  va lues o f  these c o u n t r i e s  
cu r renc ies .  Such "secondary" deva lua t ions  are n o t  taken i n t o  account here; 
they  could,  however, be handled i n  t h e  same way i n  separate c a l c u l a t i o n s .  

E f f e c t s  on Swedish impor ts  - - - - - - - - - - - - -  

For  heterogenous products ,  a deva lua t ion  o f  10 per c e n t  i s  assumed t o  
r e s u l t  i n  a 5 p e r  c e n t  inc rease  i n  Swedish r e l a t i v e  i m p o r t  p r i c e s .  The 
reasoning behind such an assumption was developed i n  Sec t ion  2 above. The 
ac tua l  f i g u r e  i s  o f  course u n c e r t a i n  b u t  t h e  one chosen has some suppor t  i n  
experience. The p r i c e  e l a s t i c i t y  f o r  i m p o r t  volumes i s  p u t  a t  1.2, a f i g u r e  
t h a t  corresponds rough ly  t o  severa l  p rev ious  est imates.  Th is  w i l l  mean t h a t  
Swedish impor ts  o f  heterogenous products  w i l l  decrease by 6 per  c e n t ,  5 t imes  . ,. 
1.Z. 

As i n d i c a t e d  i n  t a b l e  1, r e l a t i v e  i m p o r t  p r i c e s  a r e  assumed t o  have the 
same development, i r r e s p e c t i v e  o f  which coun t ry  i t comes from. Thus t h e r e  w i l l  
be no changes i n  t h e  f o r e i g n  s u p p l i e r s '  p r i c e s  i n  r e l a t i o n  t o  each other .  
Consequently,  a l l  c o u n t r i e s  w i l l  m a i n t a i n  t h e i r  shares i n  Swedish impor ts .  A1 1 
e x p o r t e r s  t o  Sweden w i l l  i n  o t h e r  words f i n d  t h e i r  expor ts  to Sweden fa1 1 by 6 
per  cent .  

F o r  homogenous products ,  as d iscussed i n  S e c t i o n  2 t h e r e  w i l l  be no 
inc rease  i n  r e l a t i v e  i m p o r t  p r i c e s  and hence no e f f e c t s  on i m p o r t  volumes. 



Table 1 F i r s t  round e f f e c t s  on Swedish imports o f  heterogenous products 

Percentage changes 

Imports Re la t i ve  import  Re la t i ve  import  Share i n  Import  Weight 
from: p r i c e  (1)  p r i c e  (2)  imports volume 

Norway t5.0 0.0 0.0 -6 .O 
Denmark t 5  .O 0 .O 0 .O -6 .O 
Fin1 and +5 .O 0.0 0.0 -6.0 
Others +5 .O 0 .O 0 .O -6 .O 

Total  imports +5.0 (0 (0 -6.0 100 

(1 )  p r i c e  o f  imports from each country i n  r e l a t i o n  t o  domestic p r i c e  
(2)  p r i c e  o f  imports from each country i n  r e l a t i o n  t o  average import  

p r ice .  

E f f e c t s  on o the r  No rd i c  count r ies  '-impp-Js ---------- - - - 

I n  t ab les  2, 3, and 4  the  e f f e c t s  on the  o the r  Nordic coun t r i es '  imports 
o f  heterogenous products are displayed. By a  reasoning s i m i l a r  t o  t h a t  f o r  
r e l a t i v e  impor t  p r ices  (again see Sect ion 2) Swedish export  p r ices  are assumed 
t o  decrease by 5  per cent  i n  r e l a t i o n  t o  f o re ign  producers. This means t h a t  
t h e  average import  p r i c e  f o r  a  given country w i l l  decrease by 5  m u l t i p l i e d  by 
the  Swedish share i n  i t s  imports - f o r  instance i n  the  case o f  Norway ( t a b l e  
2)  by 1.0 per cent. 'The p r i c e  e l  a s t i c i t y  o f  import  volumes i s  s t i l l  assumed t o  
be 1.2. This w i l l  f o r  Norway produce a  t o t a l  increase i n  imports o f  
Heterogenous products o f  1.2 per cent  - the  bottom row o f  t a b l e  2. 

To cont inue the  example o f  Norwegian imports ( t h e  cases f o r  Denmark and 
F in land are  p r i n c i p a l l y  the  same w i t h  somewhat d i f f e r e n t  f i gu res )  there w i l l  
a1 so be changes i n  market shares, r e s u l t i n g  from the decrease i n  Swedish 
expor t  pr ices.  Now the column r e l a t i v e  p r i c e  (2 )  becomes essent ia l .  It w i l l  be 
seen t h a t  the  p r i c e  o f  Norwegian imports from Sweden has decreased by 4  per 
cen t  i n  re1 a t i o n  t o  average import  p r ice .  The decreased Swedish export  p r i c e  
i s  found a l so  i n  the  denominator o f  t he  r e l a t i v e  pr ice ;  t h i s  i s  why the 
decrease i s  4  and n o t  5  per cent  as i n  r e l a t i v e  p r i c e  (1) .  This might  seem odd 
a t  f i r s t  glance, b u t  has an important  technical  advantage when model l ing the 
development o f  market shares. It i s  poss ib le  t o  use the same p r i c e  e l a s t i c i t y  
f o r  market shares f o r  a l l  exporter  t o  the  market, and s t i l l  maintain the  
cond i t i on  t h a t  market shares sum t o  un i t y ,  i f  the r e l a t i v e  p r i c e  i s  ca lcu la ted 
i n  t h a t  way. The r e s u l t  i s ,  e f f e c t i v e l y ,  t h a t  the p r i c e  response i s  weighted 
according t o  the  expor ters '  shares i n  the  market. The theo re t i ca l  ground f o r  
t h i s ,  i n  turn,  i s  t h a t  i t i s  eas ier  t o  reach a  given per cent  increase i n  ex- 
po r t s  i f  t he  exporters market share i s  low than i f  i t  i , s  a l ready high. 

The p r i c e  e l a s t i c i t y  o f  market shares have been assume? t o  be 1.8. This 
corresponds t o  some econometric evidence t h a t  market shares e l a s t i c i t y  are 
somewhat l a r g e r  than t o t a l  imports '  e l a s t i c i t y .  This i s  a lso  reasonable on 
theo re t i ca l  grounds. Should they be o f  the  same magnitude, there would be no 
decrease i n  the  non-Swedish count r ies '  exports t o  the  market (as opposed t o  
the  case i n  tab les  2, 3 and 4) bu t  on ly  an increase i n  Swedish exports. 

As i s  seen i n  the tab les  the e f f e c t s  on Swedish market shares i n  the 
o the r  Nordic count r ies  imports w i l l  be increases o f  about 7 t o  8  per cent. 
Other exporters, i nc lud ing  the  o ther  Nordic countr ies,  w i l l  f i n d  t h e i r  shares 
drop by 1 t o  2  per cent. 



Table 2  F i r s t  round e f f e c t s  on Norwegian imports of heterogenous products 

Percentage changes 

Imports Re la t ive  import  Re la t ive  impor t  Share i n  Import  Weight 
from: p r i c e  (1) p r i c e  (2)  imports vol ume 

Sweden -5.0 -4.0 +7.2 +8.5 20 
Denmark 0  .O +1 .O -1 .8 -0.6 7  
Fin1 and 0.0 +1.0 -1 .8 -0.6 5  
Others 0  .O +1 .O -1.8 -0.6 68 

Total  imports -1.0 (0)  (0 )  +1.2 100 

(1 )  p r i c e  o f  imports from each country i n  r e l a t i o n  t o  domestic p r i c e  
(2)  p r i c e  o f  imports from each country i n  r e l a t i o n  t o  average import  

p r ice .  

Table 3 F i r s t  round e f f e c t s  on Danish imports of heterogenous products 

Percentage changes 

Imports Re1 a t i v e  impor t  Re1 a t i v e  impor t  Share i n  Import  Weight 
from: p r i c e  (1) p r i c e  (2)  imports volume 

Sweden -5.0 4.2 +7.6 +8.7 15 
Norway 0  .O +0.8 -1.4 -0.4 4  
Fin1 and 0.0 +O .8 -1.4 -0.4 4  
Others 0  .O +0.8 -1.4 -0.4 77 

Total  imports -0.8 ( 0  (0)  +1.0 100 

(1 )  p r i c e  o f  imports from each country i n  r e l a t i o n  t o  domestic p r i c e  
(2)  p r i c e  o f  imports from each country i n  r e l a t i o n  t o  average import  

p r ice .  

Table 4  F i r s t  round e f f e c t s  on F inn i sh  imports o f  heterogenous products 

Percentage changes 

Imports Re la t ive  import  Re la t ive  import  Share i n  Import  Weight 
from: p r i c e  (1)  p r i c e  (2)  imports vol ume 

Sweden -5.0 -4.1 +7.4 +8.6 18 
Norway 0  .O +0.9 -1.6 -0.5 2  
Denmark 0.0 +0.9 -1.6 -0.5 3 
Others 0  .O +0.9 -1.6 -0.5 77 

Tota l  impor ts  -0.9 (0)  (0 )  +1.1 100 

( 1  p r i c e  o f  imports from each country i n  re1 a t i o n  t o  domestic p r i c e  
(2 )  p r i c e  o f  imports from each country i n  r e l a t i o n  t o  average import  

p r ice .  



The b i l a t e r a l  t rade volumes' changes are roughly equal t o  the sum o f  
changes i n  t o t a l  imports t o  the  market and changes i n  market shares. 

Fo r  homogenous products (as mentioned i n  Sec t ion  2) no r e l a t i v e  p r i c e  
changes a re  assumed t o  take place. Hence, t rade volumes are assumed t o  be 
unchanged, too. 

The e f f e c t s  on the imports o f  heterogenous products i n t o  count r ies  o u t s i -  
de the Nordic area could be analyzed i n  the  same way as those o f  the Nordic 
count r ies .  It i s  c l e a r  from t a b l e  5  t h a t  the  e f f e c t  o f  a  5  per cent  decrease 
i n  Swedish export  p r i ces  on the  average impor t  are very small i n  t h i s  area. 

Table 5  F i r s t  round e f f e c t s  on o the r  coun t r i es '  imports o f  heterogenous 
products 

Percentage changes 

Imports Re la t i ve  impor t  Re la t i ve  impor t  Share i n  Import  Weight 
from: p r i c e  (1 )  p r i c e  (2 )  imports volume 

Sweden -5.0 -4.8 +8.6 +8.8 4  
Norway 0  .O +O .2 -0.4 -0.2 1 
Denmark 0.0 +0.2 -0.4 -0.2 1 
Fin1 and 0  .O +O .2 -0.4 -0.2 1 
Others 0.0 +0.2 -0.4 -0.2 93 

Tota l  imports -0.2 

( 1 )  p r i c e  o f  imports from each country i n  r e l a t i o n  t o  domestic p r i c e  
( 2 )  p r i c e  o f  imports from each country i n  r e l a t i o n  t o  average impor t  

p r i ce .  

The reason i s  o f  course t h a t  Sweden's share o f  the imports i s  much smal le r  
than i n  the Nordic countr ies.  Consequently the e f f e c t  on the non-Nordic 
coun t r i es '  t o t a l  imports i s  very small ,  assuming the  same impor t  p r i c e  
e l a s t i c i t y  as before, 1.2. 

The decrease i n  r e l a t i v e  p r i ces  o f  imports from Sweden w i l l  produce an 
increase i n  Swedish market shares which i s  somewhat b igger  than i n  t he  Nordic 
coun t r i es ,  us ing  the same e l a s t i c i t y  as before, 1.8. The i n t e r p r e t a t i o n  o f  
t h i s  i s ,  as i nd i ca ted  e a r l i e r ,  t h a t  i s  i s  eas ie r  t o  increase market shares i f  
t h e i r  l e v e l s  a re  low. 

Fo r  the o the r  Nordic count r ies  there  w i l l  be on l y  small increases i n  
r e l a t i v e  p r i ces  and small decreases i n  market shares, r e f l e c t i n g  the  f a c t  t h a t  
Sweden's market shares are small. Even a  f a i r l y  b i g  increase i n  them w i l l  not  
squeeze o the r  count r ies  ' shares very much. 

Th i s  appl i e s  t o  heterogenous products i n  t o t a l .  For  c e r t a i n  products, 
mainly i n  t he  wood and paper i ndus t r i es ,  Sweden's shares are l a r g e r  and the 
squeezing-out e f f e c t  thus a l so  l a rge r .  F inn i sh  exports o f  paper and paper 
products t o  non-Nordic count r ies  i s ,  f o r  instance, est imated t o  f a l l  by about 
1 per  cent  r a the r  than the  0.2 per  cent  i n  t a b l e  5. 

For homogenous products, as before,  no volume e f f e c t s  are assumed. 



E f f e c t s  on t he  Nordic  coun t r i es  expo r t s  ----------------- - -  
The f i r s t - r o u n d  e f f e c t s  o f  t h e  Swedish deva lua t i on  on t he  f o u r  Nord ic  

coun t r i es  expor ts  a re  now e a s i l y  ca lcu la ted .  For  instance,  the percentage 
change i n  Swedish expor ts  t o  Norway i s  g iven  by t h e  change i n  Norway's impor ts  
f rom Sweden i n  t a b l e  2. C o l l e c t i n g  f i g u r e s  f rom t a b l e s  1 t o  5 and we igh t i ng  
w i t h  t h e  d i f f e r e n t  marke ts '  shares i n  each c o u n t r y ' s  expor ts  g i ves  the t o t a l  
expo r t s  o f  heterogenous products.  These expo r t  changes are recorded i n  t a b l e  6. 

Table 6 F i r s t  round e f f e c t s  on t h e  Nord ic  c o u n t r i e s '  expor ts  o f  
heterogenous products 

Percentage changes, vo l  ume 

Sweden +8.7 
Norway -1.3 
Denmark -1.1 
Fin1  and -1.3 

E f f ectf  o n  t g t ~ l - c g " m _ o ~ i  t y  t r ade  - - - 

Impor ts  and expor ts  o f  homogenous p roduc ts  a re  by assumption n o t  a f f e c t e d  
i n  volume by the  Swedish devaluat ion.  Adding f i g u r e s  f o r  heterogenous products 
( c a l c u l a t e d  f rom tab1 e 6 )  and t he  unchanged f i g u r e s  f o r  homogenous poducts, 
g ives  percentage changes f o r  t o t a l  comnodity t r ade  t h a t  are l e s s  than f o r  
heterogenous p roduc ts  alone. It might  be s p e c i a l l y  noted i n  t a b l e  7 t h a t  
Norwegian t o t a l  expor ts  a re  re1  a t i v e l y  1 i t t l e  a f fec ted ,  depending on the l a r g e  
share o f  o i l  (a  homogenous p roduc t )  i n  i t s  expor ts .  The e f f e c t  on F i n n i s h  
t o t a l  expor ts ,  con ta i n i ng  a h i gh  p ropo r t i on  products c l  a s s i f i e d  as heterogeno- 
us, i s  more pronounced. 

Table 7 F i r s t  round e f f e c t s  on t h e  Nord ic  c o u n t r i e s '  t o t a l  comnodity impor ts  
and expor ts  

Percentage changes, vo l  ume 

Impor ts  Expor ts  

Sweden -3.7 +7.1 
Norway +0.8 -0.3 
Denmark +O .6 -0.6 
F in1  and +0.6 -1 .O 

As a f i n a l  conclus ion,  regard ing  t he  f i r s t - r o u n d  e f f e c t s ,  i t  should be 
noted t h a t  t he  p o s i t i v e  e f f e c t s  on Swedish r ea l  t r ade  a re  severa l  t imes l a r g e r  
than  t h e  corresponding negat i ve  e f f e c t s  on t h e  o t h e r  Nordic  coun t r ies .  

4. F u r t h e r  e f f e c t s :  impor ts  o f  i n p u t  goods. 

The e f f e c t s  ca l cu l a ted  so f a r  a re  a lmost  c e r t a i n l y  n o t  the  f i n a l  e f f e c t s  
o f  a  Swedish devaluat ion.  I n  Sweden i n d u s t r i a l  p roduc t ion  i s  increased, p a r t l y  
through increased expor ts  and p a r t l y  through increased sales on the  home mark- 



et ,  s u b s t i t u t i n g  imports. I n  the  o ther  Nordic count r ies  product ion i s  ins tead 
reduced, because o f  increased import  penet ra t ion  and decreased exports. These 
product ion changes w i l l  generate changes i n  imports o f  goods used as inputs  
i n t o  production. 

The ca l cu la t i ons  o f  such secondary e f f e c t s  are based on the assumption o f  
unchanged f i n a l  demand f o r  i n d u s t r i a l  products w i t h i n  each country. This means 
t h a t  the  changes i n  imports from the f i r s t  round are f u l l y  matched by changes 
i n  product ion  i n  the  opposite d i rec t i on .  These changes i n  product ion together 
w i t h  the  changes i n  exports g ive the e f f e c t s  on t o t a l  production. It i s  
estimated t h a t  the  import  content  i n  product ion  i s  30 per cent  ( t h i s  f i g u r e  
seems t o  be about the same i n  the Nordic count r ies) .  The product ion changes 
w i l l  then induce secondary import  changes as given by t a b l e  8. 

Table 8 Second round e f f e c t s  on t h e  Nordic coun t r i es '  t o t a l  imports, 
r e s u l t i n g  from changed import  requirements i n  product ion 

Percentage changes, volume 

Sweden +3.1 
Norway -0.3 
Denmark -0.3 
F in land  -0.4 

Table 9 Second round e f f e c t s  on the  Nordic coun t r i es '  t o t a l  exports 

Percentage changes, volume 
- 

Sweden -0.1 
Norway +0.3 
Denmark +O .4 
Fin1 and +O. 5 

These import  changes w i l l  i n  t u r n  change b i l a t e r a l  t rade f lows w i t h i n  the  
Nordic area. Assuming now unchanged market shares from the f i r s t  round, 
secondary export  changes are given by t a b l e  9. Swedish exports have now 
decreased (although very l i t t l e ) ,  depending on the decrease i n  imports i n t o  
the  o t h e r  Nordic countr ies.  The o the r  Nordic count r ies  exports have increased 
somewhat, depending on the secondary increase i n  Swedish imports, which 
dominates over the  decreases i n  imports i n t o  the o ther  Nordic markets. 

S t a r t i n g  w i t h  tab les  8 and 9 a t h i r d  round o f  e f f e c t s  on imported i npu t  
can be calculated,  a four th ,  f i f t h  and so on. The changes a f t e r  the t h i r d  
round are very small. I n  t a b l e  10 the  f i n a l  e f f e c t s  on the Nordic count r ies '  
imports and exports are given, s t i l l  assuming unchanged f i n a l  demand i n  each 
country. 

I n  t a b l e  11 are shown these f i n a l  changes i n  rea l  f o re ign  balance expres- 
sed as per cent  o f  GDP. The p o s i t i v e  e f f e c t  on the  Swedish GDP i s  qu i t e  
considerable, about 2 per cent. The negat ive e f f ec t s  on the o ther  Nordic 
count r ies  GDP are more l im i ted ,  the  e f f e c t  on F in land ' s  GDP being somewhat 
l a r g e r  than the  e f f e c t s  on GDP o f  Norway and Denmark. 



Table 10 F u l l  e f f e c t s  on the Nordic count r ies1 t o t a l  imports and exports, 
i n c l  uding e f f e c t s  o f  changed impor t  requi  rements i n  product ion 

Percentage changes, vol  ume 

Imports Exports 

Sweden -1.4 +7.1 
Norway +0.7 -0.2 
Denmark +O .5 -0.3 
Fin1 and +O. 5 -0.6 

Tab1 e 11 F u l l  e f f e c t s  on the  Nordic coun t r i es1  GDP 

Percentage changes, vol  ume 

Sweden +2.1 
Norway -0.2 
Denmark -0.2 
Fin1 and -0.3 

5. Income e f f e c t s  on i m ~ o r t s  

The changes i n  GDP shown i n  t a b l e  11 a lso  lead t o  changes i n  rea l  
na t iona l  income. It should be noted t h a t  the changes i n  rea l  income 
are  l e s s  than the  changes i n  GDP. This i s  because terms o f  t rade have 
been changed, which a f f e c t s  the spending power o f  the income. Sweden, 
f o r  instance, has through i t s  lower ing o f  terms o f  t rade t rans fe r red  
some o f  i t s  income abroad. Less than h a l f  o f  the rea l  GDP increase i s  
l e f t  as an increase i n  rea l  na t iona l  income. For the o ther  Nordic 
count r ies  the small decreases i n  GDP correspond t o  even l ess  decreas- 
es i n  rea l  na t iona l  income. 

The income changes have been assumed t o  generate no changes i n  imports. 
Th is  may o r  may no t  be the  r e s u l t  i n  p rac t ice .  Po l i cy  makers i n  Sweden may 
wish t o  prevent imports from r i s i n g  and could achieve t h i s  f o r  instance by 
f o r c i n g  savings t o  increase i n  the economy as a whole. 

Even w i t h  no such reac t ions  from the po l i cy  makers, it seems u n l i k e l y  
t h a t  t h e  increase i n  imports i n  Sweden o u t  o f  increased income w i l l  exceed 1 
per cent. The o ther  Nordic coun t r i es '  t o t a l  exports w i l l  then increase by a t  
most 0.2 per cent. The increments t o  GDP from such increases w i l l  be very 
unimportant. 

6. Disaggregated ca l cu la t i ons  

With t h e  NORDHAND model system i t  i s  possib le t o  produce ca l cu la t i ons  o f  
the  e f f e c t s  o r  a Swedish devaluat ion on a 36 comnodity group l eve l .  The 
procedure i s  whol ly  p a r a l l e l 1  t o  what has been shown above f o r  two comnodity 
groups. As ye t ,  however, the  design o f  the t rade model i s  no t  q u i t e  ready t o  
produce accurate r e s u l t s  on the  disaggregated l eve l .  Most important, import  
and market share e l a s t i c i t i e s  w i t h  respect t o  p r i c e  are not  aval i a b l e  f o r  the 



36 qroups. A lso,  some t e c h n i c a l  problems i n  connec t ing  t h e  core  t r a d e  model 
w i t h  t h e  n a t i o n a l  i n p u t - o u t p u t  models remain, which d i s t u r b e s  t h e  r e s u l t s .  

It m i g h t  be i n s t r u c t i v e ,  however, a t  t h i s  s tage t o  p r e s e n t  f i r s t  round 
r e s u l t  f o r  one commodity group where t h e  r e s u l t s  c o u l d  be expected t o  d i f f e r  
f rom those  f o r  t o t a l  t rade .  The group chosen i s  paper and paper p roduc ts .  The 
p r i c e  e l a s t i c i t y  f o r  t o t a l  impor ts  i s  assumed t o  be 1.2 ( t h e  same as f o r  
heterogenous p roduc ts  on average) and t h e  p r i c e  e l  a s t i c i  t y  f o r  market  shares 
t o  be 2.2 (somewhat above t h a t  o f  heterogenous p roduc ts  on average, i n d i c a t i n g  
a somewhat more easy s u b s t i t u t i o n  between d i f f e r e n t  f o r e i g n  suppl i e r s ) .  I n  
t a b l e  12 t h e  r e s u l t s  a r e  summarized, t h e  r e s u l t s  f o r  heterogenous products  i n  
t o t a l  a1 so g iven  f o r  comparison. 

Table 12 F i r s t  round e f f e c t s  on t h e  Nord ic  c o u n t r i e s  impor ts  and expor ts  o f  
paper and paper products ,  and o f  heterogenous products  i n  t o t a l  

Percentage changes, volume 

Impor ts  Expor ts  
Paper, Heterogenous Paper, Heterogenous 
Paper products ,  Paper p roduc ts ,  
p roduc ts  t o t a l  p roduc ts  t o t a l  

Sweden -6.0 -6.0 t10.0 t8 .7 
Norway t2 .9 +1.2 -1.1 -1.3 
Denmark t2.8 + l  .n -2.7 -1.1 
F i n l a n d  t1.8 t1.1 -1.1 -1.3 

The r e s u l t  f o r  F i n n i s h  e x p o r t s  mqy be s p e c i a l l y  commented. As mentioned 
e a r l i e r ,  F i n l a n d  tends t o  l o o s e  r a t h e r  much e x p o r t s  i n  non-Nordic markets 
because o f  Sweden's r a t h e r  h i g h  market  shares the re .  On t h e  o t h e r  hand, a  v e r y  
small  p o r t i o n  o f  F i n n i s h  paper e x p o r t s  goes t o  Sweden. Hence the  recuced 
Swedish impor ts  p l a y  a very small  r o l e  f o r  F i n n i s h  paper expor ts .  F o r  
heterogenous p roduc ts  i n  general t h e  case i s  d i f f e r e n t .  Here a l a r g e  p o r t i o n  
o f  F i n n i s h  e x p o r t s  goes t o  Sweden. Th is  e x p l a i n s  why F i n n i s h  expor ts  o f  paper 
a c t u a l l y  f a l l  - l e s s  than  e x p o r t s  o f  heterogenous p roduc ts  i n  t o t a l .  

7. Conclus ions 

It i s  c l e a r  f rom t h e  a n a l y s i s  t h a t  a  Swedish d e v a l u a t i o n  t o  a c e r t a i n  
degree a f f e c t s  p r o d u c t i o n  and income i n  t h e  o t h e r  Nord ic  c o u n t r i e s .  I n  p a r t ,  
t h i s  i s  a  r e s u l t  o f  i nc reased  p e n e t r a t i o n  o f  Swedish e x p o r t s  on t h e i r  home 
markets. A1 so, dec l  i n i n q  Swedish impor ts  and inc reased  Swedish c o m p e t i t i o n  on 
e x p o r t  markets  a f f e c t  t h e  o t h e r  Nord ic  c o u n t r i e s '  expor ts .  T h i s  e f f e c t  
i s  p a r t l y  o f f se t ,  however, b y  increased second round e x p o r t s  t o  Sweden, 
f o l l o w i n g  t h e  expansion o f  Swedish p roduc t ion .  

The nega t i ve  e f f e c t s  on GDP o f  t h e  o t h e r  Nord ic  c o u n t r i e s  when Sweden 
devaluates by  10 per  c e n t  a r e  very small ,  w h i l e  t h e  inc rease  i n  Sweden's GDP 
i s  q u i t e  s u b s t a n t i a l ,  about  2 p e r  cent .  

It should f i n a l l y  be b o r n  i n  mind t h a t  t h e  impacts on r e a l  n a t i o n a l  
income are  f a r  l e s s  than  on r e a l  GDP, t h e  reason b e i n g  t h e  changes i n  t e n s  o f  
t rade .  T h i s  a p p l i e s  b o t h  t o  t h e  p o s i t i v e  impact  i n  Sweden and t h e  n e g a t i v e  
impacts on t h e  o t h e r  Nord ic  c o u n t r i e s .  



Annex 

Homogenous p roduc ts  a re :  

A g r i c u l t u r a l  p roduc ts  
F i s h e r y  p roduc ts  
F o r e s t r y  p roduc ts  
Coa 1  
Gas 
Crude o i l  
Petro leum produc ts  
E l e c t r i c  power 
I r o n  o r e  
Other  o res  and m i n e r a l s  
Food 
Beverages and tobacco 
Wood p u l  p  
Non- fer rous meta ls  

Heterogenous p roduc ts  a re :  

T e x t i l e  p roduc ts  
C l o t h i n g ,  l e a t h e r  and foo twear  
Sawn and p laned wood 
F u r n i t u r e  
Other  wood p roduc ts  
Paper and paper p roduc ts  
P r i n t i n g s  
Rubber p roduc ts  
Pr imary  chemicals  and p l a s t i c s  
Other  chemicals  and p l a s t i c  p roduc ts  
Non-meta l l i c  m i n e r a l  b u i l d i n g  m a t e r i a l s  
Glass and ceramic p roduc ts  
I r o n  and s t e e l  
Meta l  p roduc ts  
N o n - e l e c t r i c a l  machinery 
E l e c t r i c a l  machinery 
Motor  v e h i c l e s  
Other  t r a n s p o r t  equipment 
P r e c i s i o n  ins t ruments  and watches 
Other  manufactured p roduc ts  
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1 .  INTRODUCTION 

T h i s  paper  w i l l  f o rmu la te  a  model o f  i n te rdependen t  s t r u c t u r a l  change 
i n  t h e  economies of t h e  member s t a t e s  o f  t h e  European Communities. The 
fo rmu la t i on  and implementat ion of such a  model h a s  become p o s s i b l e  because a  
u n i f i e d  s t r u c t u r a l  d a t a  base f o r  t h e  d i f f e r e n t  member c o u n t r i e s  o f  t h e  
European Communities has  become a v a i l a b l e . o v e r  t h e  p a s t  few y e a r s .  

The i d e a  of t h e  model p resen ted  i n  t h i s  paper  i s  t h e  fo l l ow ing :  
S ince t h e  d i f f e r e n t  member c o u n t r i e s  o f  t h e  European Communities 

r e p r e s e n t  a  group which h a s  ach ieved a  s i m i l a r  s t a g e  o f  i n d u s t r i a l  develop- 
ment, and s i n c e  t h e s e  c o u n t r i e s  a r e  l i n k e d  t o g e t h e r  i n  t h e  same f r e e  t r a d e  
zone t h u s  approach ing a  s t a t e  of s i m i l a r i t y  i n  t h e i r  a c c e s s  t o  t he  d i f f e r e n t  
wor ld marke ts  i n c l u d i n g  t h a t  of t h e  European Communities i t s e l f ,  we a r e  i n  a  
good p o s i t i o n  t o  compare t h e  d i f f e r e n t  c o u n t r i e s '  i n d u s t r i e s  compe t i t i ve  
performances i n  wor ld and domest ic  markets .  

The p a t t e r n  o f  i n te rdependen t  d i s p r o p o r t i o n a l  growth and s t r u c t u r a l  
change of t h e  member c o u n t r i e s  of t h e  European Communities f o l l ows  t h e n  t h e  
fo l l ow ing  p a t t e r n :  

The d i f f e r e n t  i n d u s t r i e s  compe t i t i ve  performances r e l a t i v e  t o  t h a t  of 
o t h e r  compe t i t o r  c o u n t r i e s '  i n d u s t r i e s ' p e r f o r m a n c e s  de te rm ines  t h e  e v o l u t i o n  
of t h e i r  r e s p e c t i v e  market  s h a r e s  i n  wor ld and domest ic  marke ts .  The evo lu-  
t i o n  of t h e s e  market  s h a r e s  t o g e t h e r  w i t h  t h e  o v e r a l l  growth of demand f o r  
t h e  d i f f e r e n t  p roduc ts  i n  t he  d i f f e r e n t  markets  and t h e  geog raph i ca l  o r i e n t a -  
t i o n  of t h e  d i f f e r e n t  c o u n t r i e s '  i n d u s t r i e s  towards s e l l i n g  i n  a  p a r t i c u l a r  
mix of marke ts ,  de te rm ines  the  growth of s a l e s  and o u t p u t  of t h e  d i f f e r e n t  
n a t i o n a l  i n d u s t r i e s  over  t ime. S ince t h e  e v o l u t i o n  of market  s h a r e s  
depends upon t h e  compe t i t i ve  s t r e n g t h  of t h e  d i f f e r e n t  n a t i o n a l  i n d u s t r i e s  
r e l a t i v e  t o  t h a t  of compet i to r  c o u n t r i e s  t h e  d i s p r o p o r t i o n a l  growth p a t t e r n  
o f  t h e  d i f f e r e n t  c o u n t r i e s '  n a t i o n a l  i n d u s t r i e s  a r e  shown t o  be i n te rdependen t .  
An impo r tan t  a s p e c t  o f  t h i s  e x e r c i s e  i s  t h e  d e t a i l e d  examinat ion ,  by means 
of c ross -sec t i on  and t ime s e r i e s  a n a l y s i s  o f  what de te rm ines  t h e  e v o l u t i o n  
of t h e  compe t i t i ve  s t reng ths fweaknesses  of t h e  d i f f e r e n t  n a t i o n a l  i n d u s t r i e s  
of t h e  member c o u n t r i e s  of t h e  European Communities, which l i e s  a t  t h e  r o o t  
of t h e  p a r t i c u l a r  d i s p r o p o r t i o n a l  growth p a t t e r n  expe r ienced  by t h e s e  
economies. 

However, t h e r e  a r e  o t h e r  - more t r a d i t i o n a l  - e lemen ts  o f  t h i s  e x e r c i s e .  
One i s  t h e  a n a l y s i s  of t h e  de te rm inan ts  o f  t h e  o v e r a l l  e v o l u t i o n  o f  demand 
p a t t e r n s  f o r  t h e  d i f f e r e n t  commodit ies i n  t h e  d i f f e r e n t  marke ts  and t h i s  
p a r t  of t h e  e x e r c i s e  i nvo l ves  t h e  e s t i m a t i o n  of demand sys tems a s  t r a d i -  
t i o n a l l y  done i n  many economet r ic  models.  

The second i s  t h e  c o n s i d e r a t i o n  of a  c r u c i a l  feedback o f  t h e  o v e r a l l  
growth and p r o d u c t i v i t y  performances of t h e  d i f f e r e n t  n a t i o n a l  economies and 



the evo lu t ion  of t h e i r  l e v e l s  and s t r u c t u r e s  of demand. 
1 

2. FEATURES OF THE MODEL 

The model ana lys ing  in terdependent  d i s p r o p o r t i o n a l  growth and s t r u c t u r a l  
change i n  the European Communities w i l l  have two l e v e l s :  

On one l e v e l  we a r e  t o  es t ima te  t h e  d isp ropor t iona l  growth p a t t e r n s  of 
demand f o r  the d i f f e r e n t  commodities i = l ,  ..., n  i n  t h e  d i f f e r e n t  markets 
towards which t h e  European i n d u s t r i e s  a r e  o r i e n t a t i n g  t h e i r  s a l e s .  These 
markets  comprise: 

- t h e i r  own domest ic market 
- t h e  markets of the  r e s t  of the European Communities 
- t he  markets of the r e s t  of t h e  world. 
For these t h r e e  markets demand systems a r e  being est imated of t h e  AIDS- 

type2 es t ima t ing  the shares  (w.) of the  d i f f e r e n t  commodities i n  t o t a l  expend- 
i t u r e  (; ) on market M i n  the  'fol lowing way: 

where P i s  t he  p r i c e  index def ined by 

Having es t ima ted  the  expendi ture  p a t t e r n  i n  each market,  g iven the p a t t e r n  
of t o t a l  expendi ture  and r e l a t i v e  ~ r i c e s ,  we w i l l  - a s  a  next  s t e p  - es t ima te  
how the  expend i tu res  by commodity a r e  be ing a l l o c a t e d  amongst t h e  d i f f e r e n t  
s u p p l i e r s  of these commodities. Th is  i s  t h e  l e v e l  a t  which t h e  market 
shares  of the  d i f f e r e n t  n a t i o n a l  producers  i n  t h e  d i f f e r e n t  markets (domes- 
t i c ,  EC, ROW) a r e  be ing determined. 

The approach we take t o  es t ima t ing  market share equat ions i s  an e c l e c t i c  
one, making use however of the in format ion we have of the ' r e l a t i v e  
c h a r a c t e r i s t i c s '  of  t h e  d i f f e r e n t  s u p p l i e r s  t o  t h e  p a r t i c u l a r  market M .  
The func t iona l  r e l a t i o n s h i p  i n  genera l  i s  of t h e  form: 

In  t h i s  formula we i n d i c a t e  t h a t  the market share  which expor te r  C can o b t a i n  
on market M (where x.M s tands  f o r  t o t a l  expendi ture  on commodity j i n  market 

3 
M a s  determined by equat ion system 2.1 .) depends upon h i s  "supply 

c h a r a c t e r i s t i c s "  ( s  .') r e l a t i v e  t o  those of t h e  G x  of compet i tors  (C') he 
k~ 

encounters  on market M ( t h e  weights of these compet i tors  on market M a r e  
given by w  

c'M). 

 his l i n k  has r e c e n t l y  been demonstrated i n  an e l e g a n t  t h e o r e t i c a l  model i n  
L. P a s i n e t t i  (1981). 

'see Deaton, A.S. and J. Muellbauer (1980a). 



The super f i x  M on fM i n d i c a t e s  t h a t  parameters of the  func t iona l  r e l a t i o n s h i p s  
between market shares  and r e l a t i v e  c h a r a c t e r i s t i c s  of t h e  d i f f e r e n t  s u p p l i e r s  
a r e  market -spec i f ic ,  i . e . ,  t h e  eva lua t ion  mechanism of t h e  d i f f e r e n t  supply 
c h a r a c t e r i s t i c s  and of t h e i r  combinations can be d i f f e r e n t  between d i f f -  
e r e n t  markets (e .g .  t h e  consumers of one market a r e  r e l a t i v e l y  more i n t e r e s t e d  
i n  prompt d e l i v e r y  than i n  p r i c e ) .  

The es t ima t ion  of a  system of market share  equa t ions ,  given the  dec is ion  
on t h e  t o t a l  a l l o c a t i o n  of consumers i n  market M towafds purchases of commod- 

i t y  i , i . e .  g iven x . ~ ,  fo l lows s i m i l a r  p r i n c i p l e s  a s  budget share  equat ions,  

except  t h a t  the  system i s  der ived - i n  ou r  case - n o t  only from a  s e n s i t i v i t y  
of consumers towards r e l a t i v e  p r i c e s  but a l s o  towards o the r  types of 
c h a r a c t e r i s t i c s . 3  

I f  we choose again a  logar i thmic  formulat ion of the func t iona l  r e l a t i o n -  
s h i p  between market shares  of t h e  d i f f e r e n t  s u p p l i e r s  C '  of commodity i t o  

market M ,  wml, and r e l a t i v e  supply c h a r a c t e r i s t i c s  of  s u p p l i e r  C vis-2-vis 

compet i tors  C ' ,  S .K, we g e t  a  formulat ion of t h e  fo l lowing form: 
C 1  

i k  k  M M 
W~ i + Z yCCl log  SC + PC log  (Xi /Pi ) k  C '  

where k  rep resen ts  t h e  kth type of supply c h a r a c t e r i s t i c  inc luded 
1.1 

and P. i s  t h e  p r i c e  index f o r  commodity i suppl ied i n  the  aggregate on 
market M ( i . e .  i t  i s  a  weighted average of the  supply p r i c e s  of 
t h e  d i f f e r e n t  compet i tors  supplying market M) 

The parameters y  measure the change i n  C ' s  market share  fo l lowing a  
CC'  

propor t iona l  change i n  C ' s  kth  supply c h a r a c t e r i s t i c  r e l a t i v e  t o  i t s  
compet i tors  wi th  t o t a l  expendi ture  on commodity i i n  market M held  cons tan t .  
The r e s t r i c t i o n s  t o  be imposed on t h i s  system of market share  equa t ions  
der ived from theory  (adding-up p r o p e r t i e s ,  homogeneity, symmetry) w i l l  n o t  
be d iscussed here ( they can be looked up i n  A. Deaton & J. Muellbauer's(l980b) 
e x c e l l e n t  tex tbook) .  

We have seen s o  f a r  t h a t  the t o t a l  expendi ture  p a t t e r n  - amongst 
d i f f e r e n t  commodities - i n  each market i s  determined by budget share  equa- 
t i o n s  of t h e  type (2.1) and t h a t  the a l l o c a t i o n  of expendi ture  by commodity 
amongst t h e  d i f f e r e n t  compet i tors  on market M i s  determined by market share 
equa t ions  of  t h e  type (2 .4) .  

Given t o t a l  expendi ture  f o r  each market M ,  denominated i n  a  common 
currency so t h a t  we can compare the  purchasing power of the d i f f e r e n t  markets ,  
and given r e l a t i v e  supply c h a r a c t e r i s t i c s  ( inc lud ing r e l a t i v e  supply p r i c e s )  
of the  d i f f e r e n t  competing producers we o b t a i n  from t h e i r  two-stage es t ima t ion  

3 ~ o r  reasons  of space we a r e  no t  a b l e  t o  show the  d e r i v a t i o n s  - from i n d i r e c t  
u t i l i t y  f u n c t i o n s  conta in ing a s  arguments a  v a r i e t y  of supply c h a r a c t e r i s -  
t i c s  of t h e  commodities suppl ied by d i f f e r e n t  producers - here and they 
w i l l  be a v a i l a b l e  i n  a  more extended ve rs ion  of t h i s  paper.  



procedure4 total sales by each of the competing producers in the different 
markets . 

and total sales in all markets determines total sales of industry i 

The relative sales pattern of the different national industries depend 
theref ore upon 

- the relative supply characteristics of these industries relative to 
the competitor industries in the different markets and the particular 
way how the different markets evaluate these differences in supply 
characteristics (i.e. price, quality etc.), and, secondly, 

- particular expenditure patterns on these different markets. 
The result of this budget - and market share equation system is also a 

particular 'market-orientation' of the different national industries, 
i.e. the fact that different industries will sell different proportions of 
their produce to different markets (domestic and different export markets). 

In the following we will restrict ourselves to discussing those aspects 
of the econometric exercise which relate to estimating the effects of rel- 
ative supply characteristics on the competitive performances of the diff- 
erent producers in the different markets. 

These characteristics comprise factors which determine the 
- price - and the 
- non-price competitiveness 

of the different producers. 
Since we are interested in the factors 'behind' the immediate relative 

price ratios on world and domestic markets we use variables indicating 
- cost-competitiveness decomposed into relative productivity levels and 

factor prices, and over-/under valuation of the exchange rate, and 
- pricing policies of the different producers as shown in profit 

margins on sales made by producers in general.5 
The determinants of non-price competitiveness considered in our study 

are : 
- relative efforts made by the different producers to modernise their 

capacities and introduce new production techniques 
- indicators for product quality and for the type of products the diff- 

erent producers offer on the different markets. 

4 ~ h e  two stages should not in fact be estimated independently since relative 
M prices of the different commodities on market M, pi , are themselves 

dependent upon the mix of producers supplying this market with these commod- 
ities, which is estimated in stage two, while the shares of expenditure 
allocated to purchasing different types of commodities, which are determined 
in stage one, are the independent variables in the market share equations 
estimated in stage two, so that the two stages should strictly be estimated 
interdependently. 

5~ecause we use profit margins in general we do not allow for discriminating 
pricing policies by producers in different markets such as dumping would 
constitute. 



3 .  SOME ECONOMETRIC RESULTS 

Market share  equat ions of the  type (2.4) have been est imated both on time 
s e r i e s  d a t a  from the S t a t i s t i c a l  O f f i ce  of the European Communities a s  we l l  as  
on a  p a r t i c u l a r  s e t  of c ross-sect ion da ta :  

The time s e r i e s  a r e  a v a i l a b l e  on the b a s i s  o f  25 NACE-CLIO i n d u s t r i e s  
(15 of  which a r e  manufactur ing, a g r i c u l t u r e  and energy products f o r  which a l s o  
t rade  d a t a  a r e  publ ished) .6  For these i n d u s t r i e s  d a t a  on ou tpu t ,  employment, 
va lue added, investment,  expor ts  ( t o t a l l t o  EC), imports ( t o t a l l t o  EC) and 
f i n a l  consumption da ta  were obta ined.  From these da ta  the  demand systems of 
type (2.1) were est imated wi th  - f o r  t h i s  l e v e l  of aggregat ion - s t rong  em- 
phas is  on s e p a r a b i l i t y  between l a r g e  product groups and a l s o  a  system of mark- 
e t  share  equat ions was s e t  up which, however, a l s o  used in format ion from 
another  more d e t a i l e d  s e t  of s t a t i s t i c s .  Th is  o t h e r  da ta  s e t  was der ived 
from the I n d u s t r i a l  Census which has been publ ished f o r  the member c o u n t r i e s  
of the  European Communities f o r  the years  1976, 1977, 1978 and from a  very  
d e t a i l e d  s e t  of t rade  s t a t i s t i c s 7  which have been a v a i l a b l e  t o  the author  f o r  
the years  s ince  1975. The Census S t a t i s t i c s  y ie lded  much more in format ion 
on the comparable supply c h a r a c t e r i s t i c s  of the d i f f e r e n t  n a t i o n a l  i n d u s t r i e s  
of t h e  European Communities. They were a l s o  a v a i l a b l e  on a  more d e t a i l e d  
l e v e l  (125 NACE-CLIO i n d u s t r i e s )  and l e n t  themselves we l l  t o  a  c ross -sec t ion  
s tudy o f  t h e  e f f e c t s  of r e l a t i v e  supp ly -charac te r i s t i cs  on compet i t iveness 
f o r  v a r i a b l e s  f o r  which no in format ion was contained i n  the t ime s e r i e s  da ta .  
Because of shor tage of space and because t h e  econometr ic e x e r c i s e  has not  been 
completed y e t  we w i l l  here r e p o r t  only some of the r e s u l t s  of t h i s  c ross -  
sec t ion  s tudy f o r  a  p a r t i c u l a r  group of sub- indus t r ies .8  

In  the fol lowing we r e p o r t  t h e  r e s u l t s  from the  es t ima t ion  of a  s impl i -  
f i e d  ve rs ion  of  the system (2.4) of the form 

k  
X 

wmi = oc + BC log(;) + z yCClk  log 
sci 

k  Z w  s 
k  

C '  
C '  C ' i  

where P* = Z w 
SM-PSM 

w i th  w  a s  t h e  weights of the d i f f e r e n t  s e l l e r s  (compris ing C and C '  on 
sM 

market M) . 

6These d a t a  a r e  publ ished i n  an Appendix t o  Euros ta t :  Nat iona l  Accounts, 
De ta i l ed  Tables and were a v a i l a b l e  on magnetic tape t o  the au thor .  

7 ~ e e  Euros ta t :  S t ruc tu re  and A c t i v i t y  of European Indus t ry  f o r  the Census 
s t a t i s t i c s  and see Euros ta t :  Analy t ica l  Tables f o r  t h e  t rade  s t a t i s t i c s .  

8 ~ h e  i n d u s t r i e s  included i n  t h i s  p a r t i c u l a r  c ross -sec t ion  e x e r c i s e  a r e  6  
meta l  products  i n d u s t r i e s ,  8  mechanical eng ineer ing i n d u s t r i e s ,  4  i n s t r u -  
ment engineer ing, ]  e l e c t r i c a l  e n g i n e e r i n g , l o f f i c e  equipment and 5 t r a n s p o r t  
i n d u s t r i e s .  



Since we a r e  s t i l l  working on va r ious  i n d i c a t o r s  f o r  non-price compet- 
i t i v e n e s s  (which comprise product q u a l i t y  i n d i c a t o r s  and i n d i c a t o r s  f o r  t h e  
degree of modernisat ion of product ion f a c i l i t i e s  such a s  t h e  age composit ion 
of the  c a p i t a l  s tock used and the s k i l l  composit ion of t h e  labour f o r c e )  the 
e s t i m a t e s  of  t h e  models of type (3.1), presented below, a r e  s t i l l  ve ry  
pre l iminary  and exclude most of the non-price v a r i a b l e s .  

In  the  time s e r i e s  es t ima tes ,  market shares  a r e  simply a  func t ion  of 
r e l a t i v e  labour u n i t  c o s t s  (LUR), an i n d i c a t o r  f o r  the over-/under-valuat ion 
of t h e  na t iona l  currency (xR)*, of r e l a t i v e  investment e f f o r t s  ( investment 
per  employee) undertaken over the pas t  t h r e e  years  (IER) and of t h e  volume 
of demand (YT) f o r  the p a r t i c u l a r  product i n  market M (market M i n  the  
case presented below i s  the  demand f o r  E.C. products  i n  the  European 
C o m u n i t i e s )  . 

I n  the cross-sect ion e s t i m a t e s  we have inc luded two a d d i t i o n a l  terms: 
Re la t i ve  p r o f i t  margins pe r  u n i t  so ld  (PRR) a s  an  i n d i c a t o r  f o r  the  r e l a t i v e  
p r i c i n g  p o l i c i e s  adopted by the d i f f e r e n t  na t iona l  producers ( t h e  v a r i a b l e s  
have been s tandard ised  f o r  d i f f e r e n c e s  i n  the  degree of c a p i t a l  i n t e n s i t y  
between t h e  d i f f e r e n t  i n d u s t r i e s )  and t h e  r e l a t i v e  volume of t o t a l  s a l e s  
(SAR) ( a s  an i n d i c a t o r  of r e l a t i v e  s c a l e s  of product ion v is -a-v is  t h e  mix 
of f o r e i g n  compet i tors  i n  market M ( i n  t h i s  case the  market f o r  E.C. produce 
i n  the whole of the i n d u s t r i a l i s e d  world).  

* 
As an i n d i c a t o r  f o r  the "over-/under-valuation" of n a t i o n a l  cu r renc ies  
we have used the r a t i o  of the  cu r ren t  exchange r a t e  t o  t h e  purchasing 
power p a r i t y  r a t e .  



TABLE 3.1 Cross-sect ion Est imates 
dependent v a r i a b l e :  shares  of EC producers i n  the  i n d u s t r i a l i s e d  
world 's demand f o r  EC produce; est imated a c m s s  25 indus t ry  
groups* f o r  the  years  1976, 1977, 1978 

Fed. Rep. Germ. 

reg ressors :  7 6 7 7 7 8 

Y T -.05 
(1.4) 

LUR -.I6 
(1.4) 

PRR -. I 1  
( .8)  

SAR .57 
(8.2) 

I n t e r c .  3.7 
(7.0) 

g2 .834 

YT -.01 
( .3)  

LUR .03 
( . I )  

PRR .03 
( . I )  

S AR . 9  
(7.4) 

I n t e r c .  3.3 
(4.3) 

France 

76 7 7 7 8 

I t a l y  U.K.  

* 2 
See foo tno te  (8) above; t - r a t i o s  i n  brackets ;  R co r rec ted  f o r  degrees 
of freedom. 



TABLE 3.2 Time s e r i e s  es t ima tes  
F.R.G. 

4.  Meta ls  

5 .  Minera ls  

6. Chemicals 

7. Metal Pds. 

8 .  Mach. 

9. Of f i ce  Mach. 

10. E l e c t r .  Gds. 

I I . Transp . Eqn. 

12. Food, D r . ,  T. 

13. Text . ,  C l . ,  L. 

14. Paper & P r i n t .  

15. Rubber & Plan t .  

16. Other Manuf. 

LUR XR 

-.209 .039 
(10.8) ( .13) 

-.072 -.418 
(1 .4)  (1.7)  
-. 190 -.350 

(4 .1)  (1 .9)  
- -. 603 

(6 .6)  
-.076 - . I15 

(1 .7)  ( .62) 
- -.718 

(2.2)  
-.085 -.452 

(2 .0)  (3 .4)  
-.0704 - 

(2 .1)  
-.074 -.408 

(4.6)  (6.4)  
-.025 -.209 

(1 .9)  (4 .3)  
-.071 -.332 

(4.3)  (4.2)  
-.044 -.027 
( . 87 )  ( .23)  
-.033 -.394 

(1 .2 )  (2 .5)  

France 

I n t e r c .  

4.  Metals 

5 .  Minera ls  

6 .  Chemicals 

7. Metal Pds. 

8 .  Mach. 

9. Of f i ce  Mach. 

10. E l e c t r .  Gds. 

I I .  Transp. Eqn. 

12. Food, D r . ,  T. 

13. Text . ,  C l . ,  L. 

14. Paper & P r i n t .  

15. Rubber & P l a n t .  

16. Other Manuf. 

-.0987 - .229 
(9 .3)  (1 .7)  
-.041 -.406 -.827 
( .81)  (2 .2)  (5 .5 )  
-.077 .242 -.038 

(3 .5 )  (1 .5)  ( .23)  
.071 -.316 -.459 

(2 .3)  (12.5)  (5.2)  
-.053 -.453 -.954 
( . 7 )  (1 .9 )  ( .74)  
.021 - .850 

(1 .2 )  (10.2)  
-.049 -.367 -.342 

( I .  (2 .7)  (3 .2)  
-.067 -.65 -.685 
( .85) (3 .1)  (3.5)  
- -.41 -.712 

(3 .8)  (7 .3)  
-.044 -.449 -.573 
( .64) (2 .5)  (4 .3)  
-.039 -.53 -.381 
( .58) (2 .6)  (2 .0)  
- - -.441 

(4.62) 
- -.344 -.438 

(2 .1)  (4 .2)  



YT 

4.  Meta l s  -.042 
(4 .1)  

5 .  Mine ra l s  -. 088 
(1 - 5 )  

6 .  Chemicals -.07 
(4 .5)  

7. Metal  Pds .  -. 079 
(3 - 3)  

8. Mach. -. 115 
(10.1)  

9.  Off i c e  Mac.h. -. 123 
(3.8)  

10. E l e c t r .  Gds. -. 068 
(3.7)  

1 1 .  Transp.  Eqn. -.057 
(3 .1)  

12. Food, Dr.,  T. -. 078 
(2 .4)  

13. T e x t . ,  C l . ,  L. -. 048 
( .31) 

14. Paper & P r i n t .  -.058 
(1 .5)  

15. Rubber & P l a n t .  -. 068 
(2 .8)  

16. Other  Manuf. -. 125 
(2.0)  

4. Meta l s  

5 .  M i n e r a l s  

6. Chemicals 

7. Meta l  Pds. 

8. Mach. 

9. O f f i c e  Mach. 

10. E l e c t r .  Gds. 

I I .  Transp .  Eqn. 

12. Food, Dr. ,  T. 

13. Tex t . ,  C l . ,  L. 

14. Paper & P r i n t .  

15. Rubber & P l a n t .  

16. Other  Manuf. 

I t a l y  

LUR XR I n t e r c .  

-.068 -.778 .466 
(9 .5)  (5 .3)  (4 .0)  
-.066 -.421 .912 

(3.3)  (2 .0)  ( I  . 6 )  
-.034 - . I52 .774 

(7 .0)  (1 .5)  (4 .8)  
-.044 - . I35  .779 

(5.0)  (2 .2)  (3.4)  
-.517 - 1.08 

(9 .9)  (10.2)  
-.046 -.069 1.06 

(3.6)  ( .598) (3.9)  
-.041 -.083 .662 

(6.1)  (1 .2)  (3 .8)  
-.023 - .576 

(2.6)  (3 .2 )  
-.052 -.398 .85 

(5 .8)  (5 .8)  (2 .6)  
-.094 -.581 .492 

(1.6)  ( I  . I )  ( .31)  
-.550 -.409 .593 

(3 .5 )  (3 .7)  (1 .6)  
-.048 - . I79  .678 

(7 .2)  (2 .0)  (3.2)  
-.089 -.491 1.28 

(4 .4)  (2 .3)  (2 .1)  

U.K. 

-.02 - .544 
(3 .3)  (3 .0)  
-.045 -.222 .568 

(5.5)  (3 .6)  (1 .9)  
-.036 -.276 .609 

(2.8)  ( .78)  ( .96)  
-.028 -.230 . I 77  

(1 .9)  (3 .9)  ( .38) 
-.048 -.563 .213 

(2 .4)  (4 .4)  ( .44)  
- . I38  -.397 2.99 

(7.0)  (6 .4)  (6.1)  
-.042 -.363 .437 

(2.5)  (3 .1)  ( . 74 )  
-.028 -.364 .54 1 
( .59)  (1 .9)  ( .526) 
+.011 -.353 . I 4 8  

(3.9)  (3 .0)  ( .44) 
-.028 -.218 .52 

(1.95) (3.4)  (1 .3)  
-.075 -.332 1.6 

(11.6) (9 .0)  (9.1)  
-.038 - .475 

(3.6)  (1 .4)  
-.045 -.24 .774 

(11 . I )  (6 .6)  (5 .6)  



4. SOME FURTHER EXTENSIONS OF THE MODEL OF DISPROPORTIONAL GROWTH AND ITS 
REI.EVANCE FOR STRUCTURAL CHANGE ANALYSIS 

Since the s u b j e c t  of t h i s  conference i s  'Changes i n  In te r - indus t ry  
T ransac t ions ' ,  I would l i k e  t o  make some comnents on the  re levance of the  
above desc r ibed  p a t t e r n  of in terdependent  d i sp ropor t iona l  growth f o r  t h e  
a n a l y s i s  of changes i n  n a t i o n a l  and i n t e r n a t i o n a l  i n te r - indus t ry  r e l a t i o n s h i p s .  

The p i c t u r e  which emerges from t h e  prev ious d iscuss ion  i s  t h a t  t h e r e  a r e  
b a s i c a l l y  two f o r c e s  a t  work lead ing  t o  d i sp ropor t iona l  growth of d i f f e r e n t  
n a t i o n a l  i n d u s t r i e s :  

- the p a t t e r n  of s t r u c t u r a l  change i n  n a t i o n a l  and i n t e r n a t i o n a l  demand 
f o r  d i f f e r e n t  commodities 

- t h e  r e l a t i v e  compet i t ive s t r e n g t h s  and weaknesses of t h e  d i f f e r e n t  
n a t i o n a l  i n d u s t r i e s  r e l a t i v e  t o  t h e i r  i n t e r n a t i o n a l  compet i tors  i n  
t h e  d i f f e r e n t  markets. 

The a n a l y s i s  of s t r e n g t h s  and weaknesses of the  d i f f e r e n t  n a t i o n a l  indus- 
t r i e s  v is -a-v is  i n t e r n a t i o n a l  compet i tors  on home, Rest of the  EEC, and t h e  
ROW markets  y i e l d s  a l s o  i n t e r e s t i n g  r e s u l t s  f o r  the s tudy of p a t t e r n s  of 
change of n a t i o n a l  and i n t e r n a t i o n a l  i n t e r - i n d u s t r y  r e l a t i o n s h i p s :  

F i ~ s t l y ,  i t  g ives  us  some i n s i g h t  i n t o  the d isaggregated dynamics of 
import-pene t r a t i o n .  

Competit ive performances do n o t  only show up i n  a f f e c t i n g  imports ve rsus  - - 
s a l e s  by domest ic producers t o  f i n a l  consumers, but i t  a l s o  a f f e c t s  absorp- 
t i o n s  of i n p u t s  from domest ic o r  fo re ign  sources.  Only a  c e r t a i n  propor t ion 
of t o t a l  imports goes d i r e c t l y  to f i n a l  demand, t h e  o t h e r  imports a r e  used a s  
i n p u t s  f o r  domest ic i n d ~ s t r i e s . ~  Hence a s  a  r e s u l t  of changes i n  the  
compet i t iveness of t h e  d i f f e r e n t  producers i n  t h e  European Communities. t h e  
networks of i n t e r n a t i o n a l  i n t e r - i n d u s t r y  r e l a t i o n s h i p s  i n  the  EC change over 
time . 

Table 4.2 presen ts  some f i g u r e s  on the  p ropor t ions  of i n p u t s  of d i f f e r e n t  
k inds ( a g r i c u l t u r a l ,  energy, e t c .  i n p u t s )  which have been imported i n  the  
four  b igger  EC member coun t r ies .  These p ropor t ions  a r e  der ived from the 
Input-Output Tables f o r  1965 (where a v a i l a b l e ) ,  1970 and 1975 i ssued  by the 
S t a t i s t i c a l  O f f i ce  of t h e  European Communities. 

A s i m i l a r  p i c t u r e  can be presented i f  t h e  expor t -o r ien ta t ion  of t h e  
d i f f e r e n t  n a t i o n a l  i n d u s t r i e s  i s  examined from the po in t  of view of the  
d i s p r o p o r t i o n a l  growth p a t t e r n s  experienced by these  i n d u s t r i e s  and t h e i r  
e f f e c t s  on n a t i o n a l  i n te r - indus t ry  r e l a t i o n s h i p s .  

Take t h e  case where technology does not  change: i f  d i f f e r e n t  n a t i o n a l  
i n d u s t r i e s  experience - due t o  a  p a r t i c u l a r  growth p a t t e r n  of demand and/or  
due t o  changing market shares  - d i f f e r e n t  r a t e s  of output  growth, then the  
demand f o r  i npu ts  of these i n d u s t r i e s  w i l l  a l s o  grow a t  d i f f e r e n t  r a t e s .  

7 ~ a b l e  4.1 g ives  a  breakdown of imports f o r  f i n a l  consumption purposes and 
in te rmed ia te  absorp t ions  f o r  the 4 bigger  EC member coun t r ies  f o r  the  year 
1975. 

Table 4.1 ( a l l  i n  Mio ECU) -- 
Tota l  Imports Imports f o r  Imports f o r  

F ina l  Consumption In termediate  Absorption 
1975 1975 1975 

Fed. Rep. of Germ.  73144.5 23603.4 49541.1 
France 51191.1 15263.5 35927.6 
United Kingdom 52201.3 17293.1 34908.2 
I t a l y  7561 I .4 7368.3 28243.1 



Table 4.2  

Import Shares i n  the  Absorpt ion of I n te rmed ia te  Inpu ts  

UK70 UK75 FR65 FR70 FR75 GE65 GE70 GE75 IT65 I T 7 0  IT75  

1 .  A g r i c u l t u r e  10.0 6 . 9  3 .2  9.1 8 .5  6 . 8  9'5 8 . 8  12.5 14.5 15.5 
2 .  Energy 29.1  48 .5  38.5 37.2 59 .6  22 .5  29 .6  41.1 6 1 . 8  67 .2  71.4 
3.  Meta ls  25.3  22 .9  17.6 31.4 31.1 23 .5  15.1 1 1 . 1  22.8  48.4 30 .8  
4 .  Minera ls  11.4 9 .0  6 . 0  4 .3  4 .0  7 .8  11 .3  11.2 10.9 12 .8  9.1 
5 .  Chemicals 27.3  2 3 . 8  22 .9  30.2 29.7 15 .8  21.2 18.4 16.7 21.7 18.7 
6 .  Metal Prod 21 .3  16 .8  13.0 25 .8  13.3 7 .7  15 .8  12.2 12.1 36.4 8 .6  
7 .  Machinery 9 . 7  14.1 11.2 18.6 25 .5  10.1 1 1 . 1  10.8 10.0 12.1 9.7 
8 .  O f f i c e  Mach 11.3 20 .4  15.1 11.7 8 .0  13.1 21 .3  18.0 20 .6  18.5 16.1 
9.  E l e c t r i c a l  Gds 15.1 21.8 11.8 18.6 2 1 . 8  11 .2  14.6 15.1 26 .4  29 .0  22 .8  

10. Motor Veh ic les  13.2 9 .3  8 . 3  16 .3  16.6 8 .7  9 .9  10 .3  12 .3  18.9 16.1 
1 1 .  Transp Equipm 27.7 24 .8  7 .8  21.7 18.9 9 . 3  29 .4  26.2 23.2 51 .2  25.1 
12. Food,Drink,Tob 31.8 25 .7  10.0 16.6 10 .2  20.0 18.4 18.7 14.2 24.7 19.4 
13. Text ,C lo th ,Leath  24.9  24.1 17.9 20.5 23.4 28.2 21 .1  27.1 19.8 23 .9  18.0 
14. Paper ,  P r i n t  37.6 30.1 13.1 24.1 17.6 2 1 . 9  20.1 17.2 19.2 16.6 13.2 
15. Rubber ,P las t i cs  29.4 19.8 24.4 26 .0  28 .0  19 .3  18.0 17.6 26 .6  36 .6  29 .6  
16. Other  Manuf 42.4 32.7 12.9 19 .9  16.6 22.7 13.5 15.4 3 2 . 3  46 .3  28.1 
17.  Cons t ruc t i on  15.7 7.2 7.2 11 .0  13.9 5 . 3  8 .7  10 .0  5 .1  31 .3  5 . 9  
1 8. Market Serv .  23.2  13 .0  9 .4  17.4 8 .4  5 . 9  7.1 7.4 8 . 4 2 5 . 8  8 . 4  
19. Non-Market Ser .  8 . 3  6 .7  8 . 0  5 .1  4 .5  20 .7  13.5 7 .0  5 . 3  12 .3  6 .7  

F a s t e r  growing i n d u s t r i e s  w i l l  t h e r e f o r e  a l s o  have t o  r e o r i e n t a t e  t h e i r  
i n te rmed ia te  s a l e s  away from t h e  slow growing domest ic i n d u s t r i e s  and towards 
e i t h e r  t h e  f a s t  growing domest ic i n d u s t r i e s  o r  towards e x p o r t  markets .  10 
We w i l l  t hus  expect  t o  observe a  p rocess  of decoup l ing  of  t h e  more compe t i t i ve  
group of  i n d u s t r i e s  from i t s  domest ic  base ( i . e .  from t h e  e x i s t i n g  network of 
n a t i o n a l  i n t e r - i n d u s t r y  r e l a t i o n s h i p s )  and t h e  s t r o n g e r  i n t e g r a t i o n  of i t s  
i n te rmed ia te  s a l e s  i n  p a r t i c u l a r  expo r t  markets .  

F i n a l l y ,  concern ing ex tens ions  and f u r t h e r  work w i th  t h i s  model I would 
l i k e  t o  mention one p a r t i c u l a r  p o i n t :  one of t h e  u s e f u l  f e a t u r e s  of t h e  type 
of market  s h a r e s  model desc r ibed  i n  s e c t i o n s  2 and 3 i s  t h a t  i t  l ends  i t s e l f  
we l l  t o  t h e  use of a  r e l a t i v e l y  heterogeneous data-base where d i f f e r e n t  s e t s  
of supp ly  c h a r a c t e r i s t i c s  can b e  compared w i t h  d i f f e r e n t  groups of compe t i t o rs .  
(E.g. f o r  t h e  o t h e r  EC member c o u n t r i e s  more d e t a i l e d  i n fo rma t ion  of t h e i r  
supp ly  c h a r a c t e r i s t i c s  and t h e i r  de te rm inan ts  a r e  known than f o r  o t h e r  
compe t i t o rs ) .  I n  t h i s  case market  sha re  equa t ions  w i l l  be formula ted f o r  
t h e  p a r t i c u l a r  market  segments (as  d i s t i n c t  from market  s h a r e s )  where e .g .  
I1.K. producers  a r e  mainly competing w i th  o t h e r  EC producers .  And t h e  market  
sha re  e q u a t i o n s  which ana lyse  t h e  de te rm inan ts  of compe t i t i ve  success  o r  
f a i l u r e  i n  t h e  d i f f e r e n t  market  segments of  t h i s  type can use  d i f f e r e n t  s e t s  
of  comparable supp ly  c h a r a c t e r i s t i c s  f o r  t h e  compe t i t o rs  i n  t h i s  market  seg- 
ment. The de te rm inan ts  of t h e  market segments themselves w i l l  then s i m p l y  
c o n s t i t u t e  ano the r  s t a g e  i n  a  r e c u r s i v e  system. 

1°1n f a c t ,  i f  we take  t h e  group of f a s t e r  growing i n d u s t r i e s  a s  a  whole - 
and i f  t h i s  group i s  n o t  one decomposable p a r t  of  a  decomposable system - 
t h i s  group w i l l  by n e c e s s i t y  have t o  r e - o r i e n t a t e  i t s  in te rmed ia te  s a l e s  
towards e x p o r t  markets .  
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VARIATIONS IN INPUT-OUTPUT COEFFICIENTS: 
THE APPLICATION OF ESTIMATION AND FORECASTING 

TECHNIQUES FOR THE CASE OF POLAND 

gucja Tomaszewicz 
Department of Statistics and Econometrics, University of $adz, Jodz, Poland 

1. CRITERIA FOR THE WOWTANCE OF INRRT-OUTPUP COEFFICIENTS. 
EMPIRICAL RGSUUTS 

Consider the model 

where: yt = [yitl is a vector of final output . 
Xt = [xit] is a vector of gross output, 

[ is a matrix of input-output coefficients . AtP aijt 
A practical application of such a model in solving numerous 
problems connected with the formation of proper economic macro- 
proportions and economic equilibrium, i.8. among others with - the determination of demand for the output of branches, 
- the distribution of output among intermediate and final users, 
- the utilization of production capacities of branches, etc. 
is connected with the analysis of the behaviour of input-output 
coefficients in the investigated period. It is not always pos- 
sible, and sometimes even unnecessary, to consider all the ele- 
ments of matrix At. For practical reasons it is enough to con- 
centrate on the important coefficients only /by consulting 
experts on expected changes or by constructing appropriate mod- 
of changes etc ./. 

W e  have assumed three basic criteria of coefficients 
importance [ 4 1: 
I/ Large values of coefficients a. or related values. Even 

small inaccuracy in determini&jghe values of these coeffi- 
cients can influence, to a great extent, the correctnesa of 
aolution of model ( 1 ). 

2/ "StrongH connections between coefficient a . and the whole 
economic system. The change of such coeffi6lint can cause 
significant changes in the processes of production and dis- 
tribution in the whole econoIll(y. 

3/ Significant changeability of coefficient sequence 
time. 



Of course, each of these criteria, when considered separately, 
may order the importance of coefficients in a different way. On 
the one hand, there are large fairly stable coefficients most 
frequently linking the raw material sector with manufacturing 
ones, e.g. agrioulture with food indutry, whioh are  not always 
strongly connected with other economic sectors. On the other 
hand, it is easy to point out relatively small although not st- 
in time coefficients or these strongly connected with other bran- 
ches, e.g. transportation with other branches. With relation to 
this it seems that only joint considera ion of the above criteria 
can properly evaluate their importance. f 

On the basis of the above three criteria the methods for the 
determination of coefficients importance can be divided into[4]: - direct ones based on the values of particular coefficients or 

their sequences and - according to the purpose of the study - 
their related values, - indirect ones - in which the basis for evaluation of importance 
is the meaeure of the influence of an identical /in per cent/ 
change of particular coefficient on - the level of final output of the branch, under the assumption 

the gross output is unchanged /in this case exactly one ele- 
ment of vector y is changed in fact/, - the value of gross output of branches at unchanged final out- 
put. 
The simplest measure is the group of direct measures is the 

absolute value of the coefficient, i.8. 

where Xi. is an input-output flow of the i-th branch to the j-th 
branch add X - the value of gross output of the j-th branch. 

j 
The higher the coefficient value, the greater importance is 
given to it. 

According to the purpose of the study in the group of direct 
methods for evaluating coefficients importance related values 
such ae 

'It should be stressed that we mean the testing of importance 
in the context of model ( 1 ) on the basis of a given input- 
output balance or their sequence. If model ( 1 ) was a part of 
a model constructed not only to obtain consistent production 
plans it probably would not be necessary to use all of these 
criteria. Moreover, it cannot be excluded that quite different 
measures of importance might prove useful, e.g. in optimization 
model the degree of sensitivity of the optimal solution to the 
change of particular coefficient. 



can be also considered with some generalization of these measures 

These measures allow to obtain the information about coefficient 
importance only from the point of view of a given supplier and 
user. Before we pass to the indirect measures, which allow to 
carry out the evaluation of coefficient's influence on the be- 
haviour of balanced economic system as a whole, we shall devote 
some attention to the measures based on the changeability of the 
coefficients in time. 

The most frequently used measures are: relative differences 
in two moments of time between two balances. Having a sufficient- 
ly long series a the investigation of the coefficients change- 

ijt 
ability can be done by estimating trend function 

The measure of importance of coefficients could be the deriva- 
tive of this function in point t = T /T - forecasting period/ 

Taking into account the results of the application of the 
other measures of importance it seems possible to consider as a 

'1t is easy to notice that measures d" and d") give similar - 

hierarchy of coefficients importance if the share of net output 
in gross output is not too much differentiated in particular 
branches. 



c r i t e r i o n  not only the l eve l  of der ivat ive in moment t = T but 
a l s o  lower bound of confidence i n te rva l  assuming that the coef- 
f i c i e n t  is import;ant i f  at high probabi l i ty ,  it changes signi-  
f i c a n t l y  in time and upper bound of this i n te rva l ,  assuming that 
the  coe f f i c ien t  is important i f  it is possible /e.g. 5% probabi- 
l i t y /  that it changes s ign i f icant ly .  

Let us now consider ind i rec t  methods f o r  the evaluat ion of 
coe f f i c i en t  importance. We mentioned above two extreme cases 
which can r e s u l t  from a change of some coef f ic ient  a In the 

i d '  
first caee /unchanged gross output leve l /  the measure of the 
charqe of exact ly one element in final output vector yi = 

= - p/(100 ai jx j ) /p - per cent of coe f f i c ien t  change/ is equally 

one s ided as the above presented d i rec t  measures. In the second 
case the  most f requent ly used measure is a so-called coe f f i c ien t  
of to le rab le  limits 

where bji, bki a r e  the elements of matrix (I-A)-'. The values 

assumed-by these measures a re  in terpreted as a per cent change 
of the value of coe f f i c ien t  a which causes a change in the 

i d '  
output l e v e l  of the i - t h  branch by 1%. The lower the value of 

d the more important is a given element of matrix A f o r  
i j  

the economic system as a whole. 
In order t o  compare simultanecnzily the importance of input- 

output coe f f i c ien t  we proposed the procedure f o r  ranking of 
the  obtained resu l ts .  Par t i cu la r  elements a are  ordered wi th in  

i j  
each c r i t e r i o n  in a decreasing importance order by giving them 
the ranks 

where k = 1,2,. . . , - successive c r i t e r i a ,  m = nxn - the number 
of elements of matrix A. 
The sum of ranks obtained by a given element wi th respect t o  a l l  
c r i t e r i a ,  i.6. 

o r  a mean r a n k ,  



ie then the measure of importance of a given element. 
The decision which lwel  of Ri /or Ri/ characterizes the im- 

portant coefficient, is arbitrary and depends practically on the 
nscatter't of importance measures obtained with reepect to variou~ 
oriteria. It may be therefore different for particular input- 
output balances. 

1 .I. Some Comments on Empirioal Rersults 

The importanoe of input-output coefficients has been analyeed 
for the years 1971 and [4] for the yeare 1975 and 1980, on the 
basis of balanoes presented at current producer's prices in 15 
aggregated industries3 being: I/ fuel and power industry, 2/ 
me tallurgy, 3/ metal and electro-engineering industry, 4/ chemi- 
oal industry, 5/ building materials, glass and pottery industry, 
6 /  wood and paper industry, 7/ light industry, 8/ food induertry, 
9/ other industrial branchee, 10/ construction, 11/ agriculture, 
12/ forestry, 13/ transport and communication, 14/ trade, 15/ 
other material goods and services. These numbers are also used 
in presented tablee, which are a graphic representation of the 
obtained results. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
4 4 
42 
13  
44 
4 5 

FIGURE I Important coeffkiellts FIGURE 2 Important coeffidmiB 
1971 1975 

3An increased disaggregation level of branches up to 31 /wed in 
the W O R W  system/ did not cause any significant changes in 
the distribution of coefficients importance. 
Only some technological links hiding in particular aggrega- 
tes are marked more distinctly. 



FIGURE 3 Important coeffi- 
cients 1980 

FIGURE 4 Trends of coeffi- 
cients 

The lined area denotes that the coefficient was assumed to be the 
most important in relation to a 3 or 4 measures, [Jn 5 or 6 
measures, @ 7 measures, and 8 denotes a coefficient with low 
tolerance coefficient /at other criteria being unsatisfied/. A 
thicker frame points out to a coefficient which is assumed to be 
most important from the point of view of rank sum. denotes 
that the determination coefficient R~ of the trend function for 
the coefficient is in the interval (1,0.9), @ - in the interval 
(0,9,0.8>, 0 - in the range (0.8,0.7). 

The series of measures d(1)-d(6' and dC8' ordered from the 
point of view of decreasing importance as well as that obtained 
from summing up of ranks have been analysed, Each of these series 
consists of 30 elements since it was observed that the scatter 
of values of different importance criteria for further elements 
in the ordered series increased significantly. In the ranking 
procedure the changeability of the coefficients in time has not 
been taken into account. The second part of this paper is de- 
voted especially to the analysis of trend functions of coeffi- 
cients, 

Analyslng Figures 1, 2, 3 it can be concluded that the most 
important coefficients are placed first of all on the main dia- 
gonal /it may be a result of sometimes significant aggregation 
of branches/ and coefficients which characterize the connections 
between sectors and branches of raw material and manufacturing 
type, e,g. metallurgy for metal and electro-engineering industry 
/aZ3/, chemical industry for light industry /a /, forestry for 

47 
wood and paper industry /a / etc, The importance of these co- 

126 efficients is almost identical for the three years considered. 



For additional cheoking of this hypothesis 5 subsequent most 
important coefficients for each measure and each balance were 
chosen. It appeared that in most cases these were the same coef- 
f icients. 

2. THE ANALYSIS OF INPU!C-OUTPU!l! COEFFICIENT CHANGEABILITY BASED 
OBJ 'ELEND FUNCTION 

For all 225 balance coefficients /15 x 15 brandhes/ the 
trend function8 have been estimated. The below presented estima- 
tion has been prepared on the basis of balances /in producers' 
prices/ constructed for the seventies. These are the balances 
for the yeara 1971-75, 1977, 1979-80. There are also balances 
for the period 1966-70. They are not, however, comparable with 
the following ones because of a significant change in branch 
olassification in the seventies. The following trend functions 
were taken into account 

A graphic representation of the obtained results is shown 
in Fig. 4. There, and also in the next Table 1 the estimation 
results for the trend unction are grouped according to deter- 5 mination coefficient R , taking into account that beginning with 
its value equal 0,7 with d l  parameters estimates important, it 
oan be msumed that the input-output coefficient is characteri- 
eed by given tendencies of changes in time. It follows from 
Table 1 that the best fitted function to the real changes of 
coefficients in time are the inverse-logarithmic functions 10- 
12 , i.8. the functions with minimum or maximum values. This 
result is not unexpected. The analysis of changes in the input- 
output structure allowed to observe an increase of many coeffi- 
cients up to the maximum values attained in the years 1975, 1977 
or 1979, and then their significant decrease w m  noted. Material 
costs increase in these years /especially in 1975, 1977/ was ob- 
served even for the coefficients which revealed on the average 
a declining trend. 



TABLE 1 Trend functions of coefficients according to the maxi- 
mum F12 coefficient 

R~ (1.0.97 F12 (0.9.0.87 lt2 (0.8.0.77 
Number of FIL value Number of ltL value Number af FILvalue 
coefficient /number of coefficient /number of coefficient /numbera 

i/ j function/ i/ j function/ i/ j f unc tiad 
1/12 0.91 /lo/ 1/1 0.83 /12/ 1/6 0.76/3/ 
1/15 0.96 /lo/ 1/9 0.80 /11/ 1/7 0*70/5/ 
2/ 3 0.92 /11L 2/2 0.88 /lo/ 2/10 0.72/11/ 
2/4 0.91 /12/ 2/6 0.89 /2/ 3/1 0.78/1/ 
2/13 0.94 /lo/ 2/8 0.86 /1/ 3/5 0*79/1/ 
3/6 0.99 /lo/ 2/11 0.82 /I l/ 3/10 0.77/5/ 
5/6 0.98/1/ 3/8 0.81 /lo/ 4/2 0.73/10/ 



2 In Table 1 the values of R were stressed for the ooefficients 
which had been assumed bnportant. There are 15 such coefficients. 
Thus, over half of 30 coeffioients being important reveal r ten- 
dency to change in the. lo determine the scale and tendency of 
theee chagea the above-mentioned measure of changes being s u p  
plementary to the importanae measure6 of t h e  coefficient, should 
be applied additionally. 

3. RESUUPS OF EXPERlXWTS ON THE APPLICATION OF SOME TECHNIQUES 
FOR FORhTAST W G  OF INPUT-OUTPUIP COEFFICIENTS 

The input-output coefficients can have only some determined 
values /non-negative, ranging from zero to unity, their sum in s 
column does not exceed unity/, Due to this, and also due to 
scarcity of statistiaal information in the input-output table8 
the moat frequently used techniques of forecasting and adjust- 
ment of coefficients are the techniques baaed on some base mat- 
rix and the values which should be attained by the sum of row 
and column of the forecasted matrix. 

The olassical, though still most frequently used are the bi- 
proportional RAS-type methods and techniques of mathematical 
programming. In the case when many input-output tables are avail- 
able, a mixed method of mathematical programming and regression 
analysis C 63 based on lsm in the estimation /and forecasting/ of 
input-output coefficients with imposed constraints on them oan 
be employed. The mixed method requires sufficiently long series 
of final and total outputs. On the other hand, very seldom eco- 
nometric forecasting techniques based on trend functions /or re- 
gression functiom/ are applied as the only forecasting methods, 
Such forecasts usually require some adjustment to be made because 
of the conditions which must be satisfied by the coefficients. 
Generally, biproportional or mathematical programming methods are 
used in adjustment. Finally, to complete the review of methods 
applied in coefficient forecasting, heuristic methods based on 
experts' opinions and evaluations should be mentioned. With re- 
lation to the previous methods employing statistical data from 
the previous period, they are called ex ante methods ( 5 3  , and 
their theoretical I-asisis aften performed in terms of Bayesian 
approach [3]. 

In literature many general observations concerning the me- 
thods of forecasting the input-output coefficients and especi - k' ly the assumed base matrix, can be found. From the studies , 
L2-J oarried out for the economies with relatively stable input- 
output structures /also in the sense of stable tendencies of 
changes - linear and exponential trend functiom/ it follows 
that the base matrix composed of values of coefficient trends 
/chosen/ or of the coefficients forecasted using other methods 
employed in projections yields worse results than the applica- 



tion of the matrix from a given year, especially from a period 
close to the forecasted one. 

From the analysis of input-output coefficient stability for 
the Polish economy in the seventies it follows that an increase 
of material costs especially in the years 1975, 1977 and then 
their decrease occurs. In this case it may appear that, first of 
all, taking the base matrix more distant from the forecasted pe- 
riod and characterized by lower material costs can give better 
results than it is the case with the base matrices closer to the 
forecasted period but characterized by material costs increase. 
Secondly, taking the values of chosen coefficients of short-term 
forecasts based on trend functions and introducing them to the 
base matrix by applying e.g. a modified RAS method, may also in- 
crease the accuracy of the forecasts. 

To verify these hypotheses an ordinary RAS method was used to 
obtain the coefficients for 1980 assuming as a basis the matrices 
for the years 1971, 1975 and 1979. The obtained results are com- 
pared with the real matrix for 1980. The modified RAS algorithm 
was also used by introducing to base matrices for importan 
efficients the values of trend function for the year 1980. 5 "" 

We should keep in mind that the RAS method assumes that in 
the forecasted period the matrix A is biproportional to the base 
matrix AO, i.e. 

where R and S are diagonal multiplier matrices. Thus, the fore- 
cast of each element of the matrix A = [a 1 is a product of the 

i j input values and some multipliers ri and sj: 

These multipliers are determined from the identity 

The values of ai and a being the sums in rows and columns of . j 
4The 1980 coefficients were obtained by the extrapolation of the 

trend functions estimated on the basis of 7-element series of 
observationa /including 1979/. For extrapolation, similarly as 
in the previous case, these functions were chosen which were 
characterized by the highest determination coefficient and sig- 
nifkam of all parameters estimates. They were usually the same 
functions as those presented in Table 1. 



the foreoasted matrix, respectively, are assumed to be hown. 
The RAS algorithm was modified in the following way. The 

matricas of trends and seroes 1 = [ti; were constnoted accord- 

ing to the rule that t = 0 for the coefficients which did not 
reveal changes in timei$ld t + 0 and equal to the values of 

i j 
forecasts for the coefficients changing in time. Then the base 
matrix was modified 

,- 

Of course, the s u m  in rows and oolumns of the base matrix chan- 
ged respectively. 

Hence, the forecast of matrix A' is obtained 

wbgre R'and S' denote multipliers determined for matrices A' and 
A . In the final stage the forecast of the propar matrix is de- 
termined 

Table 2 presents a comparison of the results of application 
of the ordinary and modified RAS methods. The measure of accuracy 
of the forecaets are the differences between the obtained values 
of 1980 coefficients and the real values presented in the form 
of euclidean norms /the roots of squares sums/ of rows in the 
matrices of differences. The obtained results confirm the as- 
sumed hypothesis. The base matrix of 1971 gave better results 
of adjustment than the 1975 matrix. Similarly, slightly better 
results were obtained in the case of modifying these matrices 
by the values of selected coefficients determined using the 
extrapolation of trend function for the year 1980. 

The problems presented in the paper are only a fragment of 
research carried out at the Institute of Econometrics and Statis- 
tics, University of Md6, on the application of input-output 
techniques to the studies on the effect of changes in the struc- 
ture of inter-industry interactions on the economic macropropor- 
tions and balance of the economy. 



T A B U  2 Comparison of norms of the diff erence-matrix rows 

Base matrix 1971 Base matrix 1975 Base matrix 1979 
Ordinary RAS Ordinary RAS Ordinary RAS 
RAS with RAS with RAS with 

trends trends trends 
1 0.126 0.085 0.147 0.073 0.030 0.065 

Matrix 0 . 299 
norm 0.279 0.332 0.313 0.076 0.180 

Three of those problems have been presented in the first part of 
the paper. According to the problem, research is carried out S.n 
the system of 15 x 15 branches or 31 x 31 groups of industries. 
Many studies on input-output coefficients in the latte system 
are also applied in the INTORUM-type model for Poland. 5 

[jlBarker, T .S. /1975/. Some Experiments in Projecting Intermediate 
Demand. In: Estimating and Projecting Input-Output Coeff i- 
cients. Input-Output Publishing Company, London. 

[2]~hapi11an, D. /1978/. Forecasting Technological Coefficients. 
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[ 3]~awson, 11. /1979/. Some Notes on Forecasting Technological Co- 
efficients. Growth Project Paper 478, Cambridge. 

Lq]Lipifiski C . , lomaszewicz, 8.  /1982/. Important Coefficients in 
the Input-Output Models for Poland. 9th Conference on Pro- 
blems of Building and Estimation of Large Econometric Models 
EbdS, December 1982. 

[~]~ilamus, C .B. /1966/. Input-Output Experiments: The Netherlands 
1948-61. Rotterdam University Press, Rotterdam. 

[~]~omaszewicz, E. /1983/. Integrated Models of National Economy 
/in Polish/, Pdstwowe Wydawnictwo Ekonomiczne , Warsaw 

5 The adaptation of LWORP/INFORUM system to computers in Pol& 
L& is led by Dr.A.To zewicz, the author of many computer programs 

for the above reasearch. 



EXPERIENCES OF STUDYING CHANGES IN INPUT-OUTPUT 
COEFFICIENTS IN FINLAND 

Osmo Forssell 
Department o f  Economics, University o f  Oulu, 901 01 Oulu, Finland 

1. MEASUREMENT OF CHANGES 

Di f fe ren t  methods a r e  used i n  studying changes of input  coe f f i c i en t s .  
This is o f ten  due t o  ava i lab le  information. Ideal  s i t u a t i o n  e x i s t s  when a 
t i m e  s e r i e  of annual i n p u t a u t p u t  t ab les  compiled cons is ten t l y  and us ing 
t he  same concepts and methods a r e  ava i lab le .  This  k ind of  f u l l  information 
s i t u a t i o n  e x l s t s  only i n  few count r ies .  In  Finland i n p u t a u t p u t  t ab les  a r e  
ava i lab le  f o r  years 1956, 1959, 1963, 1965, 1970, 1978 and 1980. These 
t ab les  have been compiled using d i f f e r e n t  concepts, c l a s s i f i c a t i o n s  and 
methods. So d i f f e r e n t  measurements of changes have been used i n  s tudying 
s t a b i l i t y  of input  coe f f i c i en t s  and impacts of thej.r changes on development 
of outputs.  

Measurement of changes i n  inpu t -coe f f i c ien ts  have been made i n  Finland 
using methods ou t l ined  a s  fol lows. 

This measure is symmetric and Independent on t he  choice of t he  year f o r  
comparison. (The i l ,  1966, p. 256-282). It is used f o r  analysing changes 
of ind iv idual  coe f f i c i en t s .  These measures must be weighted by t h e i r  shares  
i n  t he  in termediate demand o r  i n  the  use of in termediate input  when fore-  
cas t ing  a b i l i t y  of output and p r i ce  model is analysed. 

Absolute values measure average changes of coe f f i c i en t s .  Non-absolute 
values measure e r r o r s  of es t imates  of intermediate demand and use of i n t e r -  
mediate inpu ts .  The measures of t he  equat ions (1) - ( 3 )  may a l s o  b e  appl ied 
I n  studying var ia t ions  of input  coefficients between establ isments i ns i de  
an industry .  Disper is ion measures of s t a t i s t i c s  a r e  o f ten  used, too.  

'a. . ( t  ) is an i npu t  coe f f i c i en t  i n  t he  year ( t )  
11 

x .  . ( t )  is use of output  of lndustry  i a s  an lnput  i n  indus t ry  j i n  t h e  
11 

year ( t )  



When i n p u t a u t p u t  t ab les  a r e  not  ava i l ab le  f o r  seve ra l  years only 
impacts of changes of input  coe f f i c i en t s  may be analysed. 'Ihe'impacts on 
in termediate demand and use of in termediate inpu ts  can then be examined. 
Measurement presumes t h a t  d a t a  on output ,  

imports, f i n a l  demand and value added by i ndus t r i es  a r e  knohn f o r  some 
year ( t )  i n  add i t ion  t o  input  coe f f i c i en t s  of t h e  year  ( 0 ) .  

me i n p u t a u t p u t  table alone may be used f o r  studying poss ib le  changes 
of input  coe f f i c i en t s .  Changes a r e  then simulated and s e n s i t i v i t y  of input  
coe f f i c i en t s  is examined. 'Ihe measure drs i nd i ca tes  how many 

percents an input  coe f f i c i en t  a may change such t h a t  t he  output  of any 
indus t ry  does no t  change more &&I one percent .  'Ihe f inad  demand is supposed 
t o  be constant .  'Ihe smal ler  t he  value drs is t he  more s e n s i t i v e  the coe f f i -  

c i e n t  a is. (Maenpkia, 1981). rs 
Comprehensive descr ip t ion  of s t r u c t u r a l  changes is go t  i n  an ana l ys i s  

of change i n  the use of some spec ia l  input .  The change is then decomposed 
i n t o  four  components a s  fo l lows:  growth, s t r u c t u r e  of demand, genera l  input- 
output  technology, and spec ia l  input  technology. (MaenpSa & Karinen & V i i -  
tanen, 1981) 

a )  Growth: E ( O ) B ( O )  (9 - l ) y ( O )  ( 7 a ) 4  

b )  S t ruc tu re  of eemand: E ( O ) B ( O ) [ Y ( ~ )  - Gy(0 ) l  (7b) 

C )  General i n p u t a u t p u t  technology: E ( o ) [ B ( ~ )  - B ( O ) l y ( t )  ( 7 ~ )  

d )  Specia l  input  technology: [ ~ ( t )  - E ( O ) I B ( t ) y ( t )  ( 7d) 

'x. ( t )  and x , ( t )  a r e  an output  of industry  i and j i n  the year  i t  ), mi ( t )  is 
1 3 

imports of commodities c h a r a c t e r i s t i c s  t o  industry  i i n  the year  ( t ) ,  y .  ( t )  
1 

is f i n a l  demand f o r  industry  i i n  t h e  year ( t )  , and z .  ( t  ) is value added 
1 

i n  indus t ry  j i n  t he  year ( t ) .  

3bir and bsr a r e  coe f f i c i en t s  of Leontief ' s  inverse matr ix  B = (I - .A)-' 

4 ~ ( 0 )  and E( t )  a r e  matr ices of d i r e c t  spec ia l  input  c o e f f i c i e n t s  B(0)  and 
B ( t )  a r e  Leon t i e f ' s  inverse matr ices 
y ( 0 )  and y ( t )  a r e  vectors of f i n a l  demand, G is an average grclwth r a t e  
of f i n a l  demand: Ciyi( t) /Ciyi(0) 



The separation of the causes for changes in input coefficients is not 
clear and unambiguous since they operate simultaneously. When high corre- 
lation between causes exists, the effects of different causes are hard to 
indentify from empiral data. The size of input coefficient may be deter- 
mined by the following function (Forssell, 1972). 

Substituting this equation for the input coefficients in an open static 
input-output model gives the following model 

The parameters of these equations could be estimated by simultaneous esti- 
mation methods. Information on stability of input coefficients could be 
got simultaneously. However, the short length of the available time series 
and difficulties in identification often act to constrain this kind of esti- 
mation. A simple least square estimation method must be applied directly 
to the equations of input coefficients (8 ) . 

2. OBSERVATIONS 

Changes of input coefficients were observed according to the equation 
(1) between 1956, 1959, 1963 and 1965. The four greatest input coefficients, 
the coefficient for other intermediate inputs and the coefficient of value 
added were then analysed in 21 manufacturing industries. Coefficients 
referred to value inputs (Forssell, 1970). 

TABLE 1 Distribution of changes in input coefficients according to size of 
changes 

Size of 1956-coefficients 1959-coefficients 1963-coefficients 
change % 1959 1963 1965 1963 1965 1965 

0 -5 11,8 14,2 11,0 19,2 17,5 18,3 
5-10 13,4 11,0 16,5 13,8 18,3 13,5 

10-15 12,6 9,4 18,2 16,2 15,8 17,4 
15-20 10,2 15,O 5,5 12,3 9,5 7,9 
20-30 21,3 12,6 11,8 17,7 14,3 17,5 
30< 30,7 37,8 37,O 20,8 24,6 25,4 
Total 100,O 100,O 100,O 100,O 100,O 100,O 

Measurements were also made according to the formulas (2) and (3). 
These observations are presented in table 2. 

Observations made in this study indicate that changes of input coeffi- 
cients are remarkable. Relative changes of small coefficients are greater 
than changes of great coefficients. 

5 ~ .  is technical developnent in industry j, L .  is relative price of input 
3  3  

in industry j, M .  is product mix in industry j , N .  is change of output in 
3  3  

industry j, and u. . is a residual term. 
1 3  



TABLE 2 Weighted changes of t he  four  g r e a t e s t  
input  coe f f i c i en t s ,  in termediate demand 

- 
observat ion period absolute ne t  
and its length changes changes 

1963-65 (2  yea rs )  0,114 0,075 
1956-59 ( 3  years )  0,145 0,103 
1959-63 (4  years )  0,122 0,970 
1959-65 (6  years )  0,133 0,116 
1956-63 ( 7  years )  0,144 0,096 
1956-65 ( 9  years )  0,150 0,105 

?he change i n  t he  g r e a t e s t  input  coe f f i c i en t s  w e r e  observed t o  inc rease  
with t he  length of t he  observat ion per iod.  ?he regress ion equation between 
the  square of median of t h e  weighted absolute changes of inpu t  coe f f i c i en t s  
on rows and t i m e  was: 

Consequently t h e  median of changes of inpu t  coe f f i c i en t s  was 8 ,6  % i n  t he  
f i r s t  year  and l a t e r  increased less than propor t ional ly .  Af ter  10 years 
it was 21,7 %. ?he s i z e  and rap id i t y  of changes could no t  be considered t o  
be d i f f e r e n t  from those observed i n  o ther  count r ies .  

Changes of ind iv idual  input  coe f f i c i en t s  e l im ina te  each o the rs  even 
rowwise. ?his decreases e r r o r s  i n  f o recas t s  of in termediate demand due t o  
changes of input  coe f f i c i en t s  by one four th .  

Change of input  coe f f i c i en t  is obvious a t  once h e n  observat ion is 
made. ?hen t h e  change somehow settles down t o  its leve l ,  h i c h  inc reases  
only l i t t l e  h e n  t i m e  goes on. D i f fe ren t  p rac t i se  i n  compilation of input-  
output  t ab les ,  inaccuracy of bas i c  s t a t i s t i c s ,  and d i f f e r e n t  c y c l i c a l  s t age  
i n  observat ion years are reason beside r e a l  f a c t o r s  cousing these  changes 
i n  coe f f i c i en t s .  In  Finland input-output t a b l e s  f o r  1965, 1970, 1978 and 
1980 are input-output t ab les  of t h e  second generat ion.  Analyses of changes 
of input  coe f f i c i en t s  between these  years  must be made i n  a s tudy adjusted 
t o  concepts, s t a t i s t i c a l  so lu t ions  and c l a s s i f i c a t i o n s  followed i n  compi- 
l a t i o n  of these  t ab les .  

I n  a prel iminary s tudy t he  ca l cu la t i ons  here made by 1970 coe f f i c i en t s  
f o r  t he  years  1971 and by 1965 coe f f i c i en t s  f o r  1966-1975. The ca l cu la t i ons  
were made according t o  t he  formulas ( 4 )  and ( 5 ) .  Data of na t iona l  accounts 
on household consumption, government consumption, g ross  domestic f i xed  
c a p i t a l  formation, change i n  s tocks  and s t a t i s t i c a l  discrepancy had then 
t o  be transformed i n t o  c l a s s i f i c a t i o n s  of input-output tab les .  Observed 
impacts of changes of input  coe f f i c i en t s  on in termediate demand were i n  
some i ndus t r i es  ra the r  g rea t .  These prel iminary r e s u l t s  pointed ou t  t h a t  
it was too  e a r l y  t o  make conclusions on changes of input  coe f f i c i en t s .  
Imperfect ions i n  t h e  underlying s t a t i s t i c s ,  uns tab i l i t y  of  conver tes with 
f i xed  d i s t r i b u t i o n s  and problems re la ted  t o  de f l a t i on  t o  constant  p r i ces  
had obviously s o  g r e a t  impacts on observat ions (Fo rsse l l ,  1982) . 

The var ia t ion  i n  t h e  input  coe f f i c i en t s  of establ ishments may be due 
t o  t h e  fol lowing f ac to r s :  
- d i f f e rences  i n  t h e  u n i t  p r i ce  of inpu ts  
- d i f f e rences  i n  t h e  commodity-mix produced 
- d i f f e rences  i n  production methods. 
The u n i t  p r i ce  of inpu ts ,  h e n  measured i n  terms of buye r ' s  p r i ce ,  can be 
in£ luenced by t ranspor t  c o s t s ,  t h e  volume of purchases, t h e  q u a l i t y  of 
inpu ts ,  etc. Differences i n  t he  qua l i t y  of inpu ts  may be assoc ia ted  with 



d i f f e rences  i n  the types of commodities produced s i nce  commodities of d i f f e -  
r e n t  types and q u a l i t i e s  requ i re  d i f f e r e n t  Inputs.  

Establ ishments wi th in a group may be spec ia l i zed  i n  the production of 
various commodity-mixes within the range of commodities app l i cab le  t o  the 
group. Di f ferences i n  commodity-mix and i n  production methods are thus 
dependent on each o ther ,  a t  l e a s t  pa r t l y .  Dif ferences i n  product ion rnethods 
may a l s o  be explained by f a c t o r s  such a s  t h e  scope of product ive a c t i v i t y ,  
combination of d i f f e r e n t  production methods, age of establ ishments,  etc. 

Analyt ica l  i s o l a t i o n  of the f a c t o r s  accounting f o r  t h e  d ispers ion  of 
input  coe f f i c i en t s  is rendered d i f f i c u l t  because such f a c t o r s  a r e  o f ten  
i n te r co r re l a ted .  The d ispers ion  due t o  d i f f e rences  i n  u n i t  p r i ces  and 
commoditymix can never theless,  t o  some ex ten t ,  be i so l a ted  by r e c a l c u l a t i n g  
the coe f f i c i en t s  us ing uniform o r  average u n i t  p r i ces  and rearranging commo- 
d i t y m i x e s .  The res idua l  d ispers ion  may then ch ie f l y  be a t t r i b u t e d  t o  
d i f f e rences  i n  production rnethods. 

These problems were analysed f o r  breweries, playwood m i l l s ,  s u l p h i t e  
pulp m i l l s ,  su lphate pulp m i l l s ,  g l a s s  f a c t o r i e s ,  and n a i l  and steel w i r e  
f a c t o r i e s  i n  1959 us ing establ ishment d a t a  (Fo rsse l l ,  1969). It was conc- 
luded t h a t  about two t h r i d s  of the explained d ispers ion  of inpu t  coe f f i -  
c i e n t s  among establ ishments may be a t t r i b u t e d  t o  heterogenei ty  i n  commodity 
mix, and one t h r i d  t o  replacement of the pa r t i cu la r  p r inc ipa l  inpu ts  by 
other  inpu ts .  Pr ices  were found t o  exe r t  p rac t i ca l l y  no in f luence upon 
var ia t ion  of input  coe f f i c i en t s  among eslabl ishments. 

When us ing t he  38-sector I/O-model of the FMS with t h e  d a t a  of t he  
year  1970, t h e  d-measure gave t he  r e s u l t s  presented i n  t a b l e  3. 

TABLE 3 Sens i t i v i t y  of input  coe f f i c i en t s  

Size of Number of: lnput  Lmu la t l ve  
change % _ coe f f i c i en t s  %-d is t r ibu t ion  

O % < d <  5 %  22 1.6 
5 % < d d  1 0 %  2 2 3.2 

l O % < d <  2 0 %  4 5 6.5 
2 0 % < d <  5 0 %  38 0.3 
50 % < d l 100 % 136 19.3 

100 % < d 1100 100.0 

Only 3.2 % of the input  coe f f i c i en t s  could change 10 % a t  most without 
causing more than 1 % pred ic t ion  e r r o r  t o  t he  g ross  product of any sec to r .  
01 t he  o ther  hand near ly  8 1  % of t h e  coe f f i c i en t s  must change more than 
100 % t o  cause pred ic t ion  e r r o r  of more than 1 % (Maen+a, 1981 1. 

MaenpSa ca lcu la ted  f u r t h e r  by using Monte Carlo experiment how much 
the pred ic t ion  e r r o r s  of t he  model a r e  reduced when the  most important 22 
input  coe f f i c i en t s  are constant  co r rec t l y .  A l l  the other  coe f f i c i en t s  were 
then changed +/- 10 % a t  r a m ,  -10 %, and +10 %. The r e s u l t s  were as 
presented i n  t a b l e  4.  



TABLE 4 'Ihe p red ic t ion  e r r o r s  when inpu t  coe f f i c i en t s  
were changed 

Change of the l a r g e s t  e r r o r  of t he  average e r r o r  
coe f f i c i en t s  i ndus t r i es  

a l l  the 22 coe f f i -  a l l  t he  22 coe f f i ,  
coe f f i c i en t s  c i e n t s  coe f f i c i en t  c i e n t s  
changed constant  changed constant  

+/- 10 % 8 ,8  % 3,2  % 2,3  % 1 , 1  % 
- 10 % -18,8 % -10,3 % -7,2 % -4,5 % 
+ 10 % 22,9 % 11,2  % 8 ,4  % 4 ,9  % 

Errors  due t o  changes of input-output c o e f f i c i e n t s  a r e  then reduced remar- 
kably i f  t he  most important coe f f i c i en t s  a r e  est imated co r rec t l y .  

Changes of energy use  of t h e  Finnish economy between 1970 and 1978 
were analysed i n  t h e  whole framework of s t r u c t u r a l  changes. 'Ihe equations 
(7 )  were used i n  decomposing changes i n t o  four  components. 'Ihe energy 
inpu ts  were measured i n  joules and i n  marks. 'Ihe d i r e c t l y  measured energy 
commodity inpu ts  were converted t o  types of primary energy. ?he r e s u l t s  
are presented i n  table 5 (Maenpaa & Karinen & Vii tanen, 1981). 

TABLE 5 ?he shares  of d i f f e r e n t  causes i n  changes of 
energy use between 1970 and 1978 

Tota l  Household Exports 
Causes f i n a l  demand consum~t ion 

Growth +63,5 +79,7 +110,4 
S t ruc tu re  of demand +31,8 +48,3 -44,8 
Input-output tech- 
nology +9,5 +0,8 +10,4 
Energy technology -4,8 -28,8 +24,0 

When changes of input  coe f f i c i en t s  a r e  considered as a p a r t  of o the r  
s t r u c t u r a l  changes i n  the economy t h e i r  r o l e  is r a t h e r  smal l .  'Ihis might 
be mainly caused by d i f f e r e n t  d i r e c t i o n s  of changes. U s e  of open s t a t i c  
input-output model f o r  s t r u c t u r a l  analyses is then unsens i t i ve  f o r  changes 
i n  inpu t  coe f f i c i en t s .  

Changes which appear i n  input  coe f f i c i en t s  may be due t o  t h e  fol lowing 
causes : 

1. Technological change 
- changes i n  q u a l i t y  of inpu ts  which is o f ten  due t o  

technologica l  development i n  o ther  i ndus t r i es  
- l ea rn ing ,  when product ion methods and organizat ions 

a r e  used more e f f i c i e n t l y  than before 
- renewing of production equipment 
2.  Changes i n  r e l a t i v e  p r i ces  of inpu ts ,  which causes 

subs t i t u t i on  among inpu ts  
3. Changes i n  product.inix of i ndus t r i es  
4. Changes i n  s c a l e  of production. 



m e s e  causes of changes i n  input coef f i c ien ts  were analysed f o r  21 manu- 

fac tur lng  industr ies6 re la ted  t o  f o res t r y  sec tor  1954-1965 (Forsse l l ,  1972). 
'Ihe cor re la t ion  between input coe f f i c i en ts  and the  share of the  pr inc i -  

pal product in t he  t o t a l  output was f a i r l y  low and t h e i r  s ings  varied. 
?he cor re la t ion  between the input coe f f i c i en ts  and the  proport ional changes 
of outputs was very weak. 

'Ihe est imated equations indicated t h a t  p roduc tn i x ,  proport ional p r ices  
of inputs and mechanization of production process (measured by degree of 
e l e c t r i f i c a t i o n  and mechanization and t ime) seem t o  have the  s t rongest  
e f f e c t s  on the  input  coef f i c ien ts .  'Ihese fac to rs  had varied e f f e c t s  on 
d i f f e ren t  inputs and among the  same coef f i c ien ts  between indust r ies .  General 
fac tors  inf luencing on input  coef f i c ien ts  could then not be found out .  

Technical developnent of the production process was the  fac to r  most 
widely a f fec t ing  the  input-output coef f i c ien ts .  It had f i r s t  of a l l  e f f e c t s  
on primary and e l e c t r i c  energy inputs,  but  it a lso  influenced the  coef f i -  
c i en ts  of raw ma,terial inputs.  Proportional p r ices  had st ronger e f f e c t s  
on mater ia l  input than on inputs re la ted  t o  use of machines. Consequently 
they had e f f e c t s  on the  r a t i o  between intermediate inputs and primary in -  
puts. P r c d u c t h x  had f a i r l y  even e f f e c t s  on d i f f e ren t  inputs,  but its 
e f f e c t s  were smaller than those of proport ional p r ices  of inputs and of 
mechanization of t h e  production process. 

3 . CONCLUSIONS 

Tne s i z e  of the  changes i n  input coef f i c ien ts  and the  accuracy of t he  
fo recas ts  made with constant coe f f i c i en ts  input-output models ind ica tes  
t h a t  the  rnodel is not  good f o r  the long term evaluation purposes. V i e w s  
of using the  rnodel f o r  s t ruc tu ra l  analyses and f o r  simulat ions a re  much 
be t te r .  'Ihe input-output model even with constant input  coe f f i c i en ts  is 
useful  i n  s tuding pat te rns  of econcmic s t ruc tu ra l  change and i ndus t r i a l  
adjustments. 'Ihe rnodel may be made b e t t e r  f o r  these kind of analyses by 
evaluating changes i n  the  most important and s t r a t e g i c  input  coe f f i c i en ts .  
'Iheir number is then remarkably decreased. Evaluation of changes of coef f i -  
c i en ts  concerns f i r s t  of a l l  technological developnent which is c lose ly  
re la ted  t o  expected changes of r e l a t i v e  pr ices.  Both causes have subst i -  
tu t ion  e f f e c t s  among inputs. Time-paths of subs t i tu t ion  processes due t o  
tehnological developnent t rends a re  then cent ra l  research ob jec ts  i n  t he  
fu rure  . 
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ANALYSIS OF CHANGING ENERGY COEFFICIENTS 
IN AUSTRIA. 1964-1980 

Christian Lager 
International Institute for Applied Systems Analysis, Laxenburg, Austria 

1. INTRODUCTION 

This paper sets out to explain changes in energy input coefficients 
in Austria over the period 1964-1980. Most studies dealing with changing 
input structures explain changing coefficients in terms of changes in 
relative prices using the neoclassical cost-minimizing model. Many types 
of production functions have been applied, including translog (Halvorsen 
1977; Christensen-Jorgensen-Lau 1971), Diewert (Diewert 1971; Bonnici 1983; 
Taylor 1979), and Cobb-Douglas. However, neoclassical theory--like all 
other theories--only holds under certain conditions. One of these con- 
ditions is that the outputs of individual industries should be homogeneous; 
but, because of a lack of homogeneous data, neoclassical theory is often 
applied to aggregated industry figures. 

Therefore, one aim of this study was to develop a technique to estimate 
more homogeneous input coefficients from aggregate industry data using econo- 
metric tools. 

Besides prices, a lot of other factors affect input coefficients. One 
of the factors is the varying output mix of industries. Bayer (1982) sub- 
divided the energy/output ratio for the Austrian manufacturing sector as a 
whole into a technology effect and a production-structure effect. He found 
that the technology effect declined between 1956 and 1973 at an average 
annual rate of 2.6% and between 1973 and 1980 at a rate of 1.3%, while the 
production-structure effect rose from -0.6% per annum prior to 1973 to 1.3% 
after the first oil shock. While the decline of the aggregate energy co- 
efficient in the fifties and sixties was effected by capital-intensive 
changes from coal to oil and gas technologies, the major part of the decrease 
in the energy/output ratio after the first oil shock was due to changes in 
output structures from energy-intensive basic sectors to the final production 
industries of the manufacturing sector. 

Analyzing the effects of changing output structures on the energy demand 
of Austrian industries for 1964-1973, Foe11 et al. (1979) pointed out that 
energy demand projections for industries could be improved by considering 
explicitly product-mix changes within industry branches. 

Therefore the present study mainly concentrates on product-mix effects 
and attempts to analyze on an industry level the phenomenon reported by 
Bayer for the whole manufacturing sector. 

Product-Mix Versus Aggregation Effects. Most establishments produce 
more than one homogeneous commodity but are always classified according to 
their characteristic product. Therefore, the total output of individual 
industries consists of an often wide variety of different commodities. 



Therefore a clear distinction must be made between product-mix effects 
and aggregation effects: while aggregation effects refer to varying aggre- 
gation levels of industries, product-mix effects--which are emphasized in 
this study--refer to different commodity structures1. 

2. THE DATA 

The monthly Austrian census of manufactures provides data concerning 
energy inputs and production of goods on a highly disaggregated level for 
commodities but by relatively aggregated industries. While in most other 
countries the census of manufactures covers the whole manufacturing sector, 
in Austria only industrialized establishments are covered. Energy inputs 
are valued in purchasers' prices, while commodity outputs are valued in 
producers' prices. Monetary figures and quantity data in physical units 
(tons, MJh) are both available. 

For this study the following recalculations were carried out. Total 
outputs at 1971 prices were obtained, using volume indices of production on 
the industry level. 

To avoid double accounting, consumption of electricity produced for own 
use, coal inputs (for coke production) in the ferrous metal industry, and 
producers' gas inputs in the glass industries were excluded. To obtain 
figures for the consumption of purchased energy, waste wood and other scrap 
were also excluded. Some energy inputs which are not covered by the Austrian 
census of manufactures over the whole period (1964-1980) were also excluded. 
These energy inputs are not very important (e.g. district heating, gasoline) 
and they are not closely related to the basic technologies of the industries 
concerned, so that the exclusion of these fuels will not significantly affect 
the results. 

To convert all energy inputs into common units, Terajoule (TJ) figures 
were calculated by multiplying physical units with the appropriate calorific 
values. 

Out of all the industries recorded by the census of manufactures, the 
five most energy-intensive industries were selected for this study. Though 
the basic ferrous metal industry is very energy-intensive, it was excluded 
because its output is too homogenous for any significant effects of product 
mix on energy input to be detected. Time series from 1964 to 1980 of energy 
inputs by commodities and total outputs were calculated for the following 
industries: 

ISIC~ Industry 

3411 Pulp and paper 
36 excl. 362 Nonmetallic mineral products (except glass) 
3720 Nonferrous metals (except casting) 
31 Food, beverages, and tobacco 
35 excl. 3530 Chemical and rubber products 

Because homogenous commodities are of ten produced using different techno- 
logies (for example, electrolytic aluminum and foundry aluminum), a distinc- 
tion between product-mix and process-mix might be emphasized in any extension 
of the analysis. 

Because of national peculiarities, the ISIC two-, three-, and f our-digit 
classifications used do not completely describe the content and activities of 
the respective sectors. 



I n  1980 t h e s e  energy- in tens ive i n d u s t r i e s  used more than 45% of the  
energy covered by t h e  monthly census of  manufactures. 

TABLE 1 Energy input  per  u n i t  of t o t a l  output  (1971 p r i c e s ) ( T J / m i l l i o n  AS). 

Indus t ry  1965 1970 1975 1980 

Nonmetal l ic  minera l  products  4.10 3.30 3.01 2.58 
Paper 2.65 2.49 2.28 1.98 
Food, beverages 0.46 0.41 0.42 0.36 
Nonferrous meta ls  1.36 1.16 1.08 0.87 
Chemicals 1.86 1.19 0.85 0.62 

Table 1 shows t h e  energy input  per u n i t  t o t a l  output  over  t h e  per iod 
s tud ied .  A r e l a t i v e l y  s teady  d e c l i n e  of energy c o e f f i c i e n t s  is observed f o r  
a l l  t h e  i n d u s t r i e s .  

To analyze how changing product ion s t r u c t u r e s  have a f f e c t e d  energy in- 
put c o e f f i c i e n t s ,  t h e  ou tpu ts  of t h e  most energy- in tens ive commodities f o r  
t h e  f i v e  i n d u s t r i e s  were ca lcu la ted  by mu l t i p l y ing  commodity ou tpu ts  i n  
phys ica l  u n i t s  by cons tan t  1971 p r i c e s .  Th is  was done on t h e  most d isaggre-  
gated commodity l e v e l  a v a i l a b l e .  The r e s u l t i n g  product-mix c o e f f i c i e n t s  a r e  
shown i n  Table 2. 

TABLE 2 Product mix of f i v e  i n d u s t r i e s  (commodity o u t p u t / t o t a l  ou tpu t  of 
each indus t ry :  percentages.  based on 1971 p r i c e s ) .  

Indus t ry  1965 1970 1975 1980 

Food, beverages, tobacco 
Sugar 
Beer 
D i s t i l l e d  products  

Pulp ,  paper 
Wood pulp ( s u l f a t e )  
Wood pu lp  ( s u l f i t e )  
Wood shav ings 

Nonmetall ic minera l  products  
Cement 
Lime 
Br icks (baked c l a y )  

Nonferrous meta ls  
Copper ( e l e c t r o l y t i c )  
Aluminum ( e l e c t r o l y t i c )  
Aluminum ( foundr ies)  
Zinc ( e l e c t r o l y t i c )  

Chemicals 
Rubber products  
Basic chemicals 
F e r t i l i z e r s  



3. THE MODEL 

It is assumed that the total energy requirement vi of an industry i can 

be distributed between the industry's commodity outputs so that the amount 

v specifies the energy use for producing an amount q of commodity j: 
i j i j 

The total output of the industry is given as 

Thus, a commodity-related input coefficient can be defined as 

With given product-mix coefficients 

the industry's energy-input coefficient (b.) can be defined as a linear com- 

bination of product-mix coefficients and commodity specific energy-input co- 
1 * 2 ) .  efficients . 

With given input coefficients b.(t) and product-mix coefficients c..(t) for 
13 

industry i, the commodity-related input coefficients a. were estimated by 
lj 

least squares3 ) :  

This assumption is referred to as the "commodity-technology" approach (UN 
1973); see also Gigantes Matuszewski (1968). 

In contrast to our time-series approach, Divay-Meunier (1982) used this 
method to estimate 10 coefficients from a cross-section micro-data set. 

For this and the following regressions, GLM (General Linear Model) and 
NLIN (Non Linear) procedures from the "Statistical Analyzing System" package 
were used. 



b . ( t )  = ( 1  c . .  ( t )  a i j )  + Ei( t )  
j  

13 

where a i s  an es t ima te  f o r  a  and E . ( t )  i s  an e r r o r  term. 
i j  i j  

Table A1 of t h e  Appendix shows t h e  e s t i m a t e s ,  t h e  s tandard e r r o r s  ( i n  
parentheses)  and t h e  R~ va lues  f o r  Model 1 ,  which i s  t h a t  def ined i n  eqn. ( 5 ) .  

Because energy c o e f f i c i e n t s  a r e  no t  s t a b l e  over t ime,  t h e  es t ima t ion  of 
Model 1 might be i n t e r p r e t e d  a s  average energy c o e f f i c i e n t s  between 1964 and 
1980. 

A comparison w i th  engineer ing d a t a  makes i t  poss ib le  t o  roughly eva lua te  
t h e  v a r i o u s  es t ima tes .  Those f o r  cement and l ime, paper,  copper,  and sugar  
a r e  w i th in  t h e  bounds given by engineer ing da ta ;  t h e  es t ima tes  f o r  aluminum 
a r e  low but reasonable ,  whi le  those  f o r  beer  a r e  very  f a r  from those  pred ic ted 
from engineer ing d a t a .  

To r e f i n e  t h e  commodity-related c o e f f i c i e n t s  and s e p a r a t e  them from o t h e r  
e f f e c t s  (e.g. techn ica l  progress,  s u b s t i t u t i o n  between energy and o the r  in-  
p u t s ) ,  a  t ime v a r i a b l e  rep resen t ing  unspec i f ied t e c h n i c a l  progress was i n t r o -  
duced. Technica l  progress was assumed t o  grow (o r  dec l ine )  a t  a  cons tan t  
ins tantaneous r a t e  r .  

To s imp l i f y  t h e  es t ima t ion  procedure i t is assumed t h a t  t e c h n i c a l  pro- 
g r e s s  c o n t r i b u t e s  uni formly t o  a l l  commodity technolog ies w i th in  a  given in-  
d u s t r y ,  s o  t h a t  

and 

Model 2: b i ( t )  = 1 c .  . ( t )  a i j (0 )  e x p ( r i e t )  
j 1 J  

(7) 

C o e f f i c i e n t s  a  (0) and r were est imated w i th  nonl inear  l e a s t  squares 
i i i - 

us ing an i t e r a t i v e  Gauss-Newton approach. 
Nonl inear models w i th  many parameters a r e  very  d i f f i c u l t  t o  spec i f y  and 

f i t .  Therefore,  commodities produced w i t h i n  i n d u s t r i e s  a r e  c l u s t e r e d  i n t o  
two groups: energy- in tens ive commodities and t h e  r e s t  of t h e  output .  

Thus, Model 2 can now be def ined a s :  

where 

c i l ( t )  = t h e  product mix of energy- in tens ive commodities, 

a = an es t ima te  of t h e  energy c o e f f i c i e n t  f o r  energy- in tens ive cornmodi- 
i l  

t i e s ,  
a  

i 2  
= an es t ima te  of t h e  energy c o e f f i c i e n t  f o r  t h e  r e s t  of t h e  ou tpu t ,  

Y i  = an es t ima te  f o r  r and 
i' 

c i ( t )  = an e r r o r  term. 



Est imates,  s tandard e r r o r s ,  and t h e  R~ va lues  of Model 2 ( a s  def ined by 
eqn.(7))  a r e  shown i n  Table A2 of t h e  Appendix. 

A l l  e s t i m a t e s  f o r  t h e  commodity-related inpu t  c o e f f i c i e n t s ,  except t h a t  
f o r  e l e c t r o l y t i c  nonfer rous meta ls ,  seem reasonable .  The e s t i m a t e s  f o r  t h e  
growth r a t e  of t e c h n i c a l  p rogress  might a l s o  be considered t o  l i e  i n  an  ac- 
c e p t a b l e  range. The extreme r a t e  of chemicals may be due t o  s t a t i s t i c a l  
b i a s e s :  though d i f f e r e n t i a t i o n  is very  d i f f i c u l t  and h a s  on ly  minor a n a l y t i -  
c a l  advantages, i n  Aus t r ia  an at tempt  i s  made t o  s e p a r a t e  energy i n p u t s  f o r  
energy end-use purposes from energy i n p u t s  a s  raw m a t e r i a l s .  

Because of a l a c k  of comparable d a t a ,  t h e  l a t t e r  category  (energy a s  a 
raw m a t e r i a l )  was neglected i n  t h i s  s tudy.  But i n  t h e  chemical i n d u s t r i e s  
some f u e l s  (e .g .  n a t u r a l  gas)  a r e  important raw m a t e r i a l s .  The r a p i d l y  de- 
c l i n i n g  energy-input c o e f f i c i e n t s  might be due t o  t h e  inc reas ing  s t a t i s t i c a l  
d i s t i n c t i o n  between energy a s  a raw m a t e r i a l  and energy a s  a f u e l .  

To quan t i f y  changes of i ndus t ry  energy- input c o e f f i c i e n t s  due t o  chang- 
ing  output  s t r u c t u r e s  an at tempt  was made t o  s e p a r a t e  product-mix e f f e c t s  
from o t h e r  e f f e c t s .  

g i ves  an  e s t i m a t e  of t h e  i n d u s t r y ' s  input  c o e f f i c i e n t s  us ing c u r r e n t  techno- 
logy but w i th  t h e  product mix of t h e  base y e a r ,  1964. With t h e  he lp  of @*, 
t h e  changes of es t imated inpu t  c o e f f i c i e n t s  between t h e  base year  and t h e  
c u r r e n t  year  can be subdivided i n t o  technology and product-mix e f f e c t s :  

technology produc t-mix 
e f f e c t  e f f e c t  

To express  technology and product-mix e f f e c t s  a s  percentages of t o t a l  
changes i n  c o e f f i c i e n t s ,  eqn . (9 )  was d iv ided by A@,; t h e  r e s u l t s  a r e  shown 
i n  Table 3. 

TABLE 3 Percentage of changes i n  i npu t  c o e f f i c i e n t s  due t o  product-mix 
e f f e c t s  ( t o t a l  change between c u r r e n t  and base year  = 100). 

I ndus t ry  6 6 68 70 72 7 4 7 6 78 8 0 

Nonmetal l ic  
m inera l  pro- 
duc t  s -133.6 -14.0 10.1 0.8 6.6 9.5 13.6 16.8 
Chemicals 8.5 5.4 9.5 10.8 8.7 8.9 8.6 6.7 
Paper 13.4 9.6 12.1 20.9 16.8 14.5 12.9 10.7 
Food, 
beverages 80.7 86.3 85.4 78.1 79.8 78.2 80.7 78.1 
Nonferrous 
meta ls  11.9 10.2 47.0 63.6 58.1 48.7 46.6 42.8 



For t h e  nonmeta l l ic  minera l  products ,  chemicals,  and paper i n d u s t r i e s  
t h e  c o n t r i b u t i o n  of product-mix e f f e c t s  (10-15%) t o  t h e  t o t a l  change i n  energy 
c o e f f i c i e n t s  is r a t h e r  smal l .  On t h e  o t h e r  hand, f o r  t h e  nonfer rous meta l  and 
t h e  food and beverages i n d u s t r i e s  t h e  product-mix e f f e c t  appears  t o  be respon- 
s i b l e  f o r  a  remarkable con t r ibu t ion  of between 40 and 80%. F igures 1  and 2 
show t h e  a c t u a l  and p red ic ted  paths of t h e  input  c o e f f i c i e n t s  f o r  t h e  two 
l a t t e r  i n d u s t r i e s ;  t h e  "separated-out" t r e n d s  given by f3*(t) a r e  a l s o  shown. i 

To compare t h e  e f f e c t s  of changing ou tpu t  s t r u c t u r e s  wi th  those  caused 
by changing energy p r i c e s ,  p r i c e  e l a s t i c i t i e s  were c a l c u l a t e d .  P r i c e  i n d i c e s  
(1964=100) were ca lcu la ted  by d iv id ing  t o t a l  energy c o s t s  of t h e  i n d u s t r i e s  
concerned a t  cu r ren t  p r i c e s  by t o t a l  energy c o s t s  a t  cons tan t  1971 p r i c e s 1 .  

To s imp l i f y  t h e  es t ima t ion  procedure i t was assumed t h a t  a l l  commodity- 
r e l a t e d  energy c o e f f i c i e n t s  of a  given indus t ry  have t h e  same e l a s t i c i t i e s ( r i ) :  

and t h e r e f o r e  

Model 3: b i ( t )  = pi ( t )L i  1 c i j ( t )  a i j (0 )  

A s  f o r  Model 2 ,  energy- intensive commodities were d is t i ngu ished  from t h e  
r e s t  of t h e  ou tpu t ,  so t h a t  

where y i  i s  an  es t ima te  of t h e  p r i c e  e l a s t i c i t y  r 
i' 

Table A3 i n  t h e  Appendix shows t h e  es t ima tes ,  s tandard e r r o r s ,  and R2 
va lues  f o r  Model 3. 

I n  a d d i t i o n ,  t r a d i t i o n a l  p r i c e  e l a s t i c i t i e s  were est imated f o r  a l l  indus- 
t r i e s  t o  compare t h e  product-mix approach wi th  more t r a d i t i o n a l  methods: 

The r e s u l t s  of t h e  comparison a r e  shown i n  Table 4. 
The in t roduc t ion  of product-mix e f f e c t s  i n t o  t h e  es t ima t ion  protedure 

produces a  d e c l i n e  i n  p r i c e  e l a s t i c i t i e s  of between 8 and 48%, and an  in- 
c r e a s e  i n  R2 va lues ,  so t h a t  t h e  hypothes is  t h a t  changes i n  output  s t r u c t u r e  
s e r i o u s l y  a f f e c t  i npu t  c o e f f i c i e n t s  might be confirmed. For t h e  nonmeta l l ic  
minera l  products ,  chemicals,  and paper i n d u s t r i e s ,  t h e  in t roduc t ion  of product- 
mix c o e f f i c i e n t s  causes a  r e l a t i v e l y  smal l  i n c r e a s e  i n  R2 and a  smal l  dec rease  
i n  e l a s t i c i t i e s .  This might i n d i c a t e  t h a t  p r i c e  changes a f f e c t  energy con- 
sumption more than do changes i n  product-mix. F igures 3  and 4  compare t h e  

For an  extended a n a l y s i s  t h e  use of r e a l  p r i c e s  ins tead  of nominal p r i c e s  
should be cons idered.  
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TABLE 4 Comparison of p r i c e  e l a s t i c i t i e s  c a l c u l a t e d  w i t h  and wi thout  product-  
mix e f f e c t s :  e s t i m a t e s ,  s tandard  e r r o r s  ( i n  pa ren theses ) ,  and R2 
va lues .  

Indus t ry  With product-mix Yi Without product mix 7 i 

Nonmetal l ic  
m ine ra l  p roduc ts  -0.21 (0.09) 0.997 -0.35 (0.04) 0.867 
Chemicals -0.85 (0.28) 0.980 -0.95 (0.11) 0.835 
Paper -0.14 (0.03) 0.999 -0.22 (0.03) 0.830 
Food, beverages,  
tobacco -0.03 (0.06) 0.998 -0.21 (0.04) 0.630 
Nonferrous meta ls  -0.31 (0.12) 0.997 -0.79 (0.17) 0.606 

a c t u a l  and p red ic ted  p a t h s  of energy c o e f f i c i e n t s .  Values from t h e  a l t e r -  
n a t i v e  model w i th  "pure" p r i c e  e l a s t i c i t i e s  (w i thout  product-mix e f f e c t s  
being in t roduced)  might emphasize t h e  exp lana to ry  power of product ion e f f e c t s .  

On t h e  o t h e r  hand, t h e  improved R2 v a l u e s  and a n o t a b l e  d e c l i n e  i n  e l a s -  
t i c i t i e s  could i n d i c a t e  t h a t  product-mix changes have a h igh  exp lana to ry  power 
f o r  t h e  food and beverages and non fe r rous  meta l  i n d u s t r i e s .  

4.  COMPARISON OF ESTIMATES WITH ENGINEERING DATA 

To e v a l u a t e  t h e  es t ima ted  commodity-related (base year )  c o e f f i c i e n t s ,  
a v a i l a b l e  eng ineer ing d a t a  (Boustead-Hancock 1979, Alber 1983) expressed i n  
YJ/kg (=TJ/1000 tonnes)  were reva lued us ing  p r i c e s  (m i l l i on  AS11000 tonnes)  
t o  o b t a i n  a comparable TJ Im i l l i on  AS b a s i s .  Th is  comparison demonstrated 
t h a t  most of t h e  est imated c o e f f i c i e n t s  l i e  w i t h i n  t e c h n o l o g i c a l l y  reasonab le  
bounds, a s  shown i n  Table 5.  

TABLE 5 Comparison of es t ima ted  c o e f f i c i e n t s  w i th  eng ineer ing  d a t a  (both  i n  
TJ Im i l l i on  AS) . 

Commodity Est imated c o e f f i c i e n t s  Engineer ing d a t a  
Model 1 Model 2 Model 3 

Pulp 
Paper 
Cement 
Lime 
Aluminum 
( e l e c t r o l y t i c )  
Other m e t a l s  
( e l e c t r o l y t i c )  
Sugar 
Beer 

A l l  es t ima ted  c o e f f i c i e n t s  except  those  f o r  beer  i n  Model 1 and f o r  
sugar  and beer  i n  Models 2 and 3 seem reasonable .  



APPENDIX 

Tab le  A1 Model 1:  
b i  = 1 c i j  a i j 

i 

I n d u s t r y  ( i )  Commodity ( j  ) Es t ima tes ,  R 
2 

'i j 
( T J / m i l l i o n   AS)^ 

- -- 

Nonmeta l l i c  Cement and l ime  10.0 0.999 
B r i c k s  (baked c l a y )  16 .1  (1 .7)  

Pu lp  and paper  Pulp ( s u l f  i t e )  5.9 (0.6)  
Paper 1 .6  (0.4) 1 0.998 

Nonfer rous  m e t a l s  Aluminum ( e l e c t r o l y t i c )  4 . 0  (0 .3)  
Aluminum ( f o u n d r i e s )  3.6 (10.6)  1 0.997 
Copper ( e l e c t r o l y t i c )  1 .7  (2 .1)  

Chemicals F e r t i l i z e r s ,  
rubbe r  p roduc ts ,  
b a s i c  chemica ls  5 .3  (0 .6)  0.970 

Food, beve rages ,  Sugar 2.4 (0.7)  
tobacco Beer 2 .5  (0.5)  1 0.998 

D i s t i l l e d  p roduc ts  1 .1  (3 .5)  

a s t a n d a r d  e r r o r s  i n  pa ren theses .  

Tab le  A2 Model 2: b i ( t )  = 1 c . .  ( t )  a . .  (0)  e x p ( r i a t ) .  
j 

111 111 

I n d u s t r y  Commodity ~ s t i m a t e ~  R~ 

a i j  (0)  r . 
(TJ /M i l l i on  AS) 

Paper  Pu lp  
Paper 

3'38 (0.29) 1 -0.015 (0.002) 0.999 
2.46 (0.16) 

Food, Sugar,  beer  2.16 
beve rages ,  Other o u t p u t  

(0 '48) 1 -0.004 (0.006) 0.998 
0.09 (0.12) 

tobacco 
Nonfer rous  Nonfer rous  m e t a l s  
m e t a l s  ( e l e c t r o l y t i c )  2.96 

Other  ou tpu t  
(0 '32)  1 -0.013 (0.005) 0.998 

0.27 (0.24) 
Nonmeta l l i c  Cement, l ime  9.09 
m ine ra l  Other  o u t p u t  

(2'18) I -0.025 (0.003) 0.999 
2.09 (1.08) 

p roduc ts  
Chemicals Bas i c  chemica ls ,  

f e r t i l i z e r s ,  
rubbe r  p r o d u c t s  3.35 
Other  ou tpu t  

( 0 ' 5 2 ) \  -0.067 (0.006) 0.996 
1.26 (0.39) 

a Standard  e r r o r s  i n  pa ren theses .  



1 
Table A3 Model 3: b i ( t )  = c . .  ( t )  ' a i j  (3) . 

j lJ 

I n d u s t r y  Commodity  st imat ea R~ 
a i j  (3) i 

Nonmeta l l i c  Cement and l ime 
m i n e r a l  Rest  of ou tpu t  11.9 (4 '0 )  1 -0.21 (0.09) 0.997 
p roduc ts  i n c l  . b r i c k s  0.13 (1.8)  
Pu lp ,  paper Pu lp  

Paper 
: -0.14 (0.03) 0.999 

Nonferrous Nonferrous m e t a l s  
m e t a l s  ( e l e c t r o l y t i c )  

Other o u t ~ u t  
3.15 (0'25)1 -0.31 (0.12) 0.997 
0.05 (0.16) 

Chemicals F e r t i l i z e r s ,  
rubber  p roduc ts ,  
b a s i c  chemicals 
Rest of ou tpu t  

3'08 (1'01)1 -0.85 (0.28) 0.980 
0.60 (0.65) 

Food, Sugar,  beer  
beverages,  Rest of ou tpu t  

2.29 (0'41)1 -0.03 (0.06) 0.998 
0.06 (0.09) 

tobacco 

a Standard e r r o r s  i n  pa ren theses .  
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ENERGY INTENSITY FACTORS IN THE 
HUNGARIAN ECONOMY SINCE 1960 

PA1 Erdosi 
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1. INTRODTJ CT I O N  

The r o l e  of t he  ene rge t i c s  ha.s increa.sed i n  t he  whole 
world by t h e  recen t  deca.de9s o i l  shocks. The l a t e s t  ones - to-  
ge the r  w i th  o t h e r  problems of t h e  world economics interre1a. t in.g 
ea.ch o t h e r  - have s t i l l  c a l l e d  a  world-wide recess ion  i n  t he  
indus t ry .  On the  o t h e r  hand, i t  i s  o f t e n  sa.id i n  western  count- 
r i e s :  a. 4-5 #/b decrease of o i l  p r i c e  i s  expected t o  r e s u l t  i n  
0 ,5  % increa.se of GDP i n  t he  OECD reg ion  a.nd TJSA. 

In t h e  s o c i a . l i s t  coun t r i es  a l s o  simi1a.r economica.1 con- 
sequences ha.ve a r i s e n ,  a l though they have been dela.yed t he re  
a s  t h e  r e s u l t  of t he  se l f - su f f i c i ency  i n  energy supply of t h e  
CME~.(However, t h e  de1a.y ha.s unp1ea.sa.n.t e f f e c t s  too..) 

By t he  198@ t h e  d i f f i c u l t i e s  of the  ba.lance of pa.yments 
have g e n e r a . 1 1 ~  inc reased  a.11 over  t h e  world, mainly because 
of t h e  very  h igh o i l  p r i ces .  To compensa.te these  d i f f i c u l t i e s  
t h e r e  a r e  p o s s i b i l i t i e s  a s  fo l lows 
- t o  reduce t he  product ions,  f i r s t  t h a t  of h igh energy in ten -  

s i t y  - t o  r e s t r u c t u r e  t he  na t i ona l  product ion t o  ach ieve lower ener- 
gy i n t e n s i t y  - t o  obta. in energy conservat ion by dec reas ing  t he  l o s s e s  of 
consumption and 

- t o  s u b s t i t u t e  t h e  imported o i l  by domest ic  sources,  which i s ,  
however, an  ex t rao rd ina ry  expensive program because of t he  
h igh  investment cos ts .  

The ques t ion  of the  energy i n t e n s i t y  of nat iona.1 produc- 
t i o n  ha.s consequent ly  got  i n t o  t h e  c e n t e r  of t he  genera l  in- 
t e r e s t  i n  t he  a .na l i z ing  and i n t e r n a t i o n a . 1 1 ~  comparing t h e  de- 
velopment of the  economy f o r  the  p resen t  t ime a.nd f o r  t he  fu-  
tu re  too. As a  consequence of t h e  e f f o r t s  mentioned a.bove i s  
t he  genera l  aim of reduc ing the energy i n t e n s i t y .  A l l  t hese  
c i rcumstances a r e  r e s u l t i n g  i n  a  g r e a t  r e s t r u c t u r i n g  of the  
whole n a t i o n a l  economy. The p o s s i b i l i t y  t o  ca r ry  on t hese  ve ry  
important  changes in,  t h e  economy is  given beca.use of t h e  mul- 
t i p l i e d  r a t i o  between, t he  energy i n t e n s i t i e s  of t he  bra.nches 
(producer  u n i t s )  of t h e  economy. 

2. AIM OF THE STUDY 

It f o l l ows  from the  above s a i d ,  t h a t  the  r i g h t  e f f e c t  of 



t he  d i f f e r e n t  energy i n t e n s i t i e s  of t he  i ndus t r y  branches (pro-  
duc t s )  ca.n a.nd has t o  be eva luated only on the l e v e l  of the  na- 
t i o n a l  economy, i . e .  mea.sured by cha.nging of the  e f f i c i ency ,  
of produced o r  r e a l i s e d  incomes, of n a t i o n a l  sources necessary  
f o r  development e.g. investments ,  impor ts  e tc .  (The energy in -  
t e n s i t y  i t s e l f  - low o r  h igh - a.1on.e doesn ' t  g i ve  t he  poss ib i -  
l i t y  t o  dec ide how t o  develop t h e  economy i n  the  f u t u r e . )  

Th is  study d e a l s  s t i l l  only w i th  t h e  d i f f e r e n t  energy in -  
t e n s i t y  f a c t o r s  of branches necessary  f o r  the  eva lua t i on  of t he  
e f f e c t s  of t he  d i f f e rences  between them. It doesn ' t  dea.1 w i th  
the  evalua. t ing methods themselves a t  a l l  though many of them 
have been worked out  t i l l  now i n  Hungary. 

3.  SOlJE PRINCIPAL METHODICAL REMARKS 

There s . re  on ly  t he  c h a r a c t e r i s t i c s  necessary  f o r  t he  cor- 
r e c t  meaning and us i ng  of t h e  energy i n t e n s i t y  fa .c to rs  d e t a i -  
l ed  here.  

3.1. Energy Aspects 

A very  s imp l i f i ed  energy f low diagram can be seen i n  t h e  
Fig.1. The t h ree  ma.in pha,ses on i t  a.re t h a t  of t h e  primary and 
of t h e  f i n a , l  energy consumption (PEC a.nd FEC), between them 
t h e  t h i r d  one i s  t he  energy convers ions,  i nvo lv ing  the  conver- 
s i o n s ' l o s s e s  (LC) .  Within FEC two components a.s minimum ha.s t o  

be d is t ingu ished  i .e .  e l e c t r i c  energy and t he  o t h e r  energy 
c a r r i e r s  (steam, f u e l s  e tc . ) .  FEC i s  div ided i n t o  two pa r t s :  
t he  energy consumption of producers ( fP )  and the  r e s i d e n t i a l  
one. 

The d i f f e r e n t  energy i n t e n s i t y  f a c t o r s  may be c o r r e c t l y  
i n t e r p r e t e d  only f o r  t h e  producers,  ca l cu l a ted  on t he  base of 
f P  (and t h a t  converted back onto the  phase of PEC through 
wi thout  t h e  r e s i d e n t i a l  consumption. 1.' , 

b? E.C. 

PEC Primary Energy Consumption 

FEC F i n a l  Energy Consumption 

LC Conversions' l o s s e s  

FIGURE 1 Energy flow 



3.2. Fundamental Rela t i onsh ips  

The connect ion between the P product ion and E energy con- 
sup t ion  of producers ( f P  o r  fP/ ) ca.n be wr i t ten  a s  '1. 

where: 
P the  product value (GDP, na.tiona.1 income e tc .  ) i n  F t  o r  8 
E t h e  energy consumptions i n  t he  pha.ses of f P  a.nd PEC i n  J 

o r  kWh 
e t h e  energy i n t e n s i t y  f a c t o r s  i n  t he  dimensions of E/P, 

w i th  "a" index a.s a.vera.ge 
w i th  "in index f o r  t he  branches 

i t he  d i v i s i o n  of t he  producers onto d i f f e r e n t  u n i t s  - on t h e  na.tiona.1 l eve l :  Industry-Bui ld ing 1ndustry-Tra.n~- 
por ta t ion-Agr icu l ture-Serv ices 

- on the  i n d u s t r i a l  l eve l :  the  branches a.nd s p e c i a l  u n i t s  
themselves. 

According t o  t he  formula. t h e  E energy consumption depends at 
t h e  same t ime on t he  qua.nt i tg and t he  s t r u c t u r e  of the P pro- 
duct ion.  The en energy i n t e n s i t y  fa .c tor  i s  def ined by t he  s t r uc -  

-. 
t u r e  a.s t he  weighted avera.ge of t he  bra.nches (ea, = li s i *e i ) .  

On t h e  base of t h a t  r e l a t i o n s h i p  i t  can be predetermined t he  
main ro leo f  t he  indus t ry  i n  forming the  magnitude of eA  average - 
energy i n t e n s i t y  f ac to r .  Namely, the o t h e r  producer a r e a s  ha- 
ve e i t h e r  re la . t i ve ly  lower si = P./P proport ion o r  t h e i r  ei 

1 
fa .c to r  i s  small  r e l a t e d  t o  t h e  i n d u s t r i a l  a.vera.ge. Therefore,  
i f  we want t o  dea l  w i th  t h e  dependence of the  economy-deve- 
lopment i n  t he  func t ion  of the  energy i n t e n s i t y  of t he  produc- 
t i o n ,  we can be constra. ined t o  a .na l ize  only t he  s t r u c t u r e  of 
the  indus t rx .  Moreover, t h e  indus t ry  can be div ided i n t o  two 
s ign i f i ca .n t  p a r t s  which have t h e i r  own energy i n t e n s i t y  fac-  
t o r s  w i th  a. mu l t i p l e  r a t i o  t o  ea.ch o ther .  (1.e. the  product ion 
of raw ma. te r ia .1~  a.nd t he  end products respec t i ve ly .  ) 

4. ENERGY INTENSITY FACTORS; TRENDS OF TKEIR CHANGES 

D i f f e ren t  energy i n t e n s i t y  fa .c tors  can and ha.ve t o  be 
used f o r  d i f f e r e n t  purposes. A l l  these  have,however,one common 
property.  They g ive t h e  p o s s i b i l i t y  t o  concept numerical ly  how 
t o  ensure t h e  cons is tency between ene rge t i c s  a.nd economy, ir 
c l u ~ l i n g  planning and development. Th is  cons is tency i s  especi-  
a l l y  important  because of t he  h igh  dema.nd of t h e  energy in-  
dus t ry  i n  t h e  na t i ona l  resources (e.g. investments) ,  a.nd tha. t  
demand i s  very much changing i n  the  f unc t i on  of the  ma.gnitude 
of t h e  energy i n t e n s i t y  f ac to r s .  

The fo l lowing sho r t  a .bs t rac ts  a.re taken from seve ra l  s t u -  
d i e s  worked out  i n  t he  previ0u.s yea.rs. 

4.1. Fa.ctors Rela.ted t o  Product ion Values 

These types of c o e f f i c i e n t s  ca.n c h a m c t e r i z e  the  bra.nches 



o r  t h e  whole economy. T h e i r  genera, l  dimensions: 
- i n  t h e  numerator of t h e  f r a c t i o n s  E ma.y be energy o r  e l e c t -  

r i c  energy i n  J o r  kwh (ca lcu la . ted i n  t h e  pha.se of FEC o r  
PEC), i n  t h e  denomina.tor t h e  P va lue  i n  F t  o r  ) of e.g. b ru t -  
t o  product ion ,  GDP, incomes, p r o f i t  - t h e  nunera.tor a.nd t h e  denomina.tor, bo th  i n  va. lue, t h e  ener- 
gy ca lcu la . ted on t h e  ba.se of energy p r i c e s ,  t h e  dimensions 
F t / F t  o r  $/$. 

Globa.1 fa .c to rs  cha.nges ( r e l a t e d  t o  na.tiona.1 income). The 
appro-he nat iona.1 a.vera.ge energy and e l e c t -  
r i c  energy i n t e n s i t y  fa .c to rs  between 1960-1975 a r e  i l l u s t r a t e d  
i n  Fig.2 and 3, t h e  ma.rks and n a m i n ~ a  cnmn ly  w i t h  t h o s e  of  
Fig.1. 

FIGURE: 2 Globa.1 energy in- FIGURE: 3 Globa.1 e l e c t r i c  
t e n s i t y  f a c t o r s  energy i n t e n s i t y  

f a c t o r s  

The d i f f e r e n c e s  between t h e  curves 1 and 2 resp.  2 and 3 on 
t h e  Fig.2 resp.  3 a r e  t h e  r e s i d e n t i a . 1  consumptions of energy 
resp.  e l e c t r i c  energy, which a r e  ou t  of o u r  i nves t iga . t i ons .  
The curves 3 of bo th  dia.grams a r e  t h e  f i n a l  consumptions f o r  
producing ( f P ) .  The t r e n d s  of curves a.re a.pproximately simi1a.r 
t o  i n te rna . t i on .a l  ones. F ig.3 shows w e l l  t h e  r e l a . t i v e l y  g rea . te r  
increa.se of t h e  e l e c t r i c  energy, wh i le  t h e  tendency of t h e  to- 
tal energy i n t e n s i t y  f a c t o r s  - which inc lude  i n s i d e  themselves 
t h e  e l e c t r i c  energy too - i s  improving ( i . e .  decrea.s ing) ,  a s  
i t  ca.n be seen  i n  Fig.2. It i s  t h e r e f o r e  importa.nt s i n c e  t h e  
p r o p o r t i o n  of t h e  i n . d u s t r i a 1  product ion - t h e  energy i n t e n s i t y  
of which i s  r e l a t i v e l y  t h e  h i g h e s t  - i nc reased  e s s e n t i a l l y  du- 
r i n g  t h e  a n a l i z e d  per iod.  

The average curves 3 of Fig.2 a.nd 3 a r e  drawn a l s o  on t h e  
Fig.4 a.nd 5 t o g e t h e r  w i th  t h e  energy i n t e n s i t y  fa .c to rs  of t h e  
producing s e c t o r s .  There a.re - t h e  dia.grams show too - m u l t i p l e  
r a t i o s  between t h e  magnitude of these  f a . c t o r s  a n d t h e i r  t r e n d s  
a r e  8 .1~0  d i f f e r e n t  wh i le  t h e  g l o b a l  c o e f f i c i e n t s  a r e  weighted 
a.vera.ges of t h e  components' f a c t o r s .  



FIGURE 4 I n t e n s i t y  of sec- FIGURE 5 E l e c t r i c  i n t e n s i t y  
t o r s  of s e c t o r s  

However, t hese  s e c t o r s  a.re not  homogeneous from t h e  a.s- 
pect  of energy i n t e n s i t y  a,s i t  i s  proved by t he  curves of 
Fig.6 a.nd 7 ,  where t he  energy i n t e n s i t y  of i ndus t ry  bra.nches 
a.re i l l u s t r a t e d  between 1960-1975. 

Na.tura.l ly, t h e  inves t iga . t i on  can be deepened i n t o  grea- 
t e r  d e t a i l s ,  more and more homogeneous grouping. 

( / n d u r t h /  average 
I 

FIGURE 6 I n t e n s i t y  of bran- FIGURE 7 E l e c t r i c  i n t e n s i t y  
ches of branches 

The reasons of t h e  changing. On t he  base of t he  formula, 
e8 = Cis i *e i  i t  i s  obvious and i t  was proved by t h e  diagrams 
- - -  - 

too ,  t h a t  t h e  changes of t h e  g loba l  f a c t o r s  a r e  a l s o  produced 



- by t h e  cha.nging ( g e n e r a . 1 1 ~  improving) of t h e  ei f a . c t o r s  of 
bra.nches and - by t h e  changing of p roduct ion  s t r u c t u r e .  

F ig.8 shows which i n f l u e n c e s  of t h e  g l o b a l  f a c t o r s  can be rea.- 
ched by improving t h e  ei branch f a c t o r s .  It ma.y be s a i d  tha. t  

t h i s  e f f e c t  i s  n o t  neg l ig ib le .  Without t h e  improvement of t h e  
s p e c i f i c  energy consumptions (e i )  t h e  t o t a l  energy demand would 
be a.bout one t h i r d  h igher  than  t h e  a c t u a l  i n  t h e  1980s. It 
mea.ns tha. t  w i th  s p e c i f i c  consumptions of t h e  yea.r 1960 t h e  
energy consumption would ha.ve sha.ped a.ccording t o  t h e  curves 
1' and 2'  i n  t h e  phase of FEC o r  PEC. The sa.vings a r i s e  from 
two sources:  - One i s  t h e  improvement of s p e c i f i c  consumptions i n  FEC pha.se. 

It can be rea.ched ma.inly by s u b s t i t u t i n g  t h e  c o a l  by o i l  and 
ga.s , - t h e  o t h e r  i s  reduc ing t h e  l o s s e s  i n  t h e  energy convers ion 
p rocesses ,  mainly i n  power genera t ion  a.nd b o y l e r s  ( r e s u l t i n g  
a . 1 ~ 0  by us ing  more o i l  a.nd g a s ) .  

The two types of sav ings a.re drawn s e p a r a t e l y  t o o ,  on t h e  bot-  
tom of  t h e  dia.gram t h e  f i r s t  ma.rked wi th  s, a.nd t h e  second 
with sc. I 

Rega.rding t h e  i n d u s t r y  and t h e  to ta .1  product ion  Fig.9 
i l l u s t r a . t e s  t h e  e f f e c t s  of a l l  f a c t o r s  i n f l u e n c i n g  t h e  c h ~ n g e  
of t h e  ea, g l o b a l  energy i n t e n s i t y  fa .c to rs  du r ing  t h e  per iod 

1960-1977. The to ta .1  Ae cha.nge (improvement) of t h e  e a  energy 

i n t e n s i t y  f a c t o r s  comes from d i f f e r e n t  sources ,  accord ing  t o  
t h e  Ae in.dexes, a s  fo l l ows  
F improvement of s p e c i f i c  energy consumption (change of  

energy s t r u c t u r e )  ei 

A t h e  change of  t h e  s t r u c t u r e  of t h e  i n v e s t i g a t e d  main i n -  
dus t r y  branches 

B t h e  change of t h e  i n t e r n a l  s t r u c t u r e  of t h e  i n v e s t i g a t e d  
main i n d u s t r y  branches 

S bo th  s t r u c t u r e  e f f e c t s  A+B t o g e t h e r  (summarized v e c t o r i -  
a l l y  

f roo 

f000 

500 

0 
4960 f96 5 q360 4977 

FIGURE 8 Shaping of  FEC a.nd FIGURE 9 Changes of ener- 
PE C gy i n t e n s i t y  



On the  base of t he  diagram i t  may be expressed f o r  t he  past  in- 
ves t iga ted  per lod a s  most importants:  - the  main improvement of t he  g l oba l  energy i n t e n s i t y  f a c t o r s  

o r i g i n a t e s  from the  improvement of e;-s 
I - wi th in  t he  indus t ry  t h e  s t r u c t u r e  cha.nges have co pensa.ted 

each o t h e r  from the  aspec t  of energy i n t e n s i t y  ( h e A  C 0 )  
- concerning t he  whole economy, the  ra . te  of the  indus t r ia .1  

product ion increa.sed,  t h i s  s i t ua . t i on  inc reased  t h e  globa.1 
energy i n t e n s i t y  fa .c tor  ( t h e  a.rrow of t h e  Ae; goes upwards) 

- t h e  in terna.1  s t r u c t u r e  cha.nge of t h e  i nves t i ga ted  i ndus t r y  
branches ( n e g )  has e s s e n t i a l  e f f e c t  onto  t he  ea  change. 

Other types of energy i n t e n s i t y  f a c t o r s  ( re la . ted  t o  va- 
l u e ) .  I ns tead  of na.t iona1 income o t h e r  va.lues (e.g. GDP, t o t a l  
product ion e t c . )  can be used a.s the  ba.sis of r e l a . t i on  f o r  
energy i n t e n s i t y  f ac to r s .  The f a c t o r s  of d i f f e r e n t  b a s i s  can 
be converted by the  ra . tes  between t h e  d i f f e r e n t  va.lues. 

Enerffg i n t e n s i t y  of sma.l ler producing un i t s .  The i nves t i -  
gated i ndus t r y  bra.nches a.re not  homogeneous. Tha.t means t h a t  
t he  sma l le r  u n i t s  i n s i d e  them a r e  of d i f f e r e n t  energy i n t e n s i -  
t i e s ,  sometimes w i th  very grea.t d i f fe rences .  Table 1 shows t h e  
minimum a.nd maximum va.lues toge ther  wi th  the  avera.ge energy 
i n t e n s i t y  fa .c to rs  f o r  a.11 the  ma.in i ndus t r y  bra.nches, i n  the  
phase of PEC of energy f low, re la. ted t o  GDP, ca l cu la ted  on t h e  
p r i c e  l e v e l  of 1976. 

6  Ta.ble 1 Energy i n t e n s i t i e s  of i ndus t r y  bra.nches i n  10 J /F t  GDP 

i n i n g  a  

e  ta . l lu rgy 
ach inery  

Bui ld ing ma. te r ia .1~  
Chemica.lsa, 
L ight  i ndus t r y  
Food i ndus t r y  
Non spec i f i ed  F 

Min. I Average 1 Ma.x. I 

'without energy branches 

Ta.ble 2 conta. ins t h e  i n t e n s i t y  f a c t o r s  i n  the  same concept 
a.s Ta.ble 1, but re la . ted t o  t he  t o t a l  product ion va.lues ( t pv )  
and min. and ma.x. va lues of s t a . t i s t i ca .1  d a t a  ba.sed on a much 
more d e t a i l e d  d i v i s i o n  of bra.nches. 



6  Ta.ble 2  Energy i n t e n s i t i e s  of i n d u s t r y  branches i n  10 J /P t  tpv  

a ~ i t h o u t  energy branches 

Mininga 
Meta l lu rgy  
Machinery 
Bu i ld ing  m a t e r i a l s  
Chemicalsa 
L ight  i n d u s t r y  
Food i n d u s t r y  
Non s p e c i f i e d  

T o t a l  industrya 

Simi1a.r d i f f e r e n c e s  c h a r e c t e r i z e  t h e  bra.nches i n  t h e  aspec t  of 
t h e  i n t e n s i t y  i n  e l e c t r i c  energy too. 

Energy content  of t h e  product ion.  These types of energy 
i n t e n s i t y  f a c t o r s  g i ve  a n  o r i e n t a t i o n  i n  F t / F t  about  t h e  r a t e s  
of t h e  energy c o s t s  i n  t h e  t o t a l  p roduct ion  va lues  o r  r e l a t e d  
t o  t h e  e x t e r n a l  output  of t h e  product ion.  Ana l iz ing  t h e  da ta  of 
these  t ypes  taken from a  s p e c i a l  i n v e s t i g a t i o n  we can summarize 
very  i n t e r e s t i n g  i s s u e s .  I n  198C t h e  average va lues  of t h e  spe- 
c i f i c  energy con ten t  were approximately 0 ,06 P t / F t  tpv  and 
0 ,20 F t / F t  output .  While e x i s t i n g  these  averages,  t h e r e  i s  a  
very  wide i n t e r v a l  between t h e  lower and t h e  upper f a c t o r  va- 
l ues .  The product ions  of low energy i n t e n s i t y  have a  d i r e c t  
f a c t o r  about  0,02-0,03 F t / F t  tpv  and of t h e  h i g h e r  i n t e n s i t y  
( g e n e r a l l y  t h e  product ion  of raw m a t e r i a l s )  between 0,20-0,70 
F t / F t  tpv. The t o t a l  f a c t o r  va lues  of both  gropus a r e  n a t u r a l l y  
n e a r e r  t o  each o t h e r ,  accumulat ing t h e  energy consumption from 
t h e  former producing process phases by t h e  m a t e r i a l  f low. Thus 
t h e  two groups have t h e  t o t a l  f a c t o r s  between 0,15-0,20 respec- 
t i v e l y  0,30-0,530 F t / F t  output .  
It h a s  t o  be emphasized t h a t  these  va lues  w i l l  d e t e r i o r a t e  ( i n -  
r e a s e )  i n  t h e  f u t u r e  because of f u r t h e r  r i s e  of energy p r i c e s  
i n  t h e  CMEA c o u n t r i e s  towards t h e  world market p r i c e s .  Therefo- 
r e  t h e  e f f i c i e n c y  w i l l  be a f f e c t e d  i n  a  h i g h  degree by t h e  
s t r u c t u r e  of t h e  f u t u r e  product ion.  An i n t e r e s t i n g  example f o r  
t h a t  i s  shown i n  Fig.10. The e a r l i e r  about  cons tan t  energy con- 
t e n t  of t h e  a g r i c u l t u r a l  p roduct ion  has r i s e n  i n  a  g r e a t  e x t e n t  
a f t e r t h e  o i l  c r i s e s  and t h e  process w i l l  cont inue i n  t h e  f u t u r e  
too. The a c t u a l  va lue between t h e  two l i n e s  1 and 2  w i l l  depend 
on how many F t  has  t o  be spent  i n  t h e  product ion  f o r  one $. 
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4.2. Energy I n t e n s i t y  and Na.tiona1 Investments 

A c e r t a i n  investment i n  a  branch invo lves  a n  energy demand 
growth, expressed by a. f a c t o r  of J  o r  kwh per  F t  investment.  On. 
t h e  o t h e r  hand, t o  consume ce r ta . i n  energy s u r p l u s  by a  branch 
i t  i s  necessary  t o  i n v e s t  some es tab l i shments ,  a.ccording t o  i t s  
F t  investment/J o r  kwh f a c t o r s .  These f a c t o r s  a r e  very  d i f f e -  
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r e n t  f o r  t he  branches i n  f unc t i on  of t h e i r  energy i n t e n s i t y .  

FIGURE 10  Energy content  of a.gr icul tura.1 product ion 

To provide t h e  energy su rp lus  f o r  t he  new-establ ished producers,  
t he re  a r e  n.ecessa.ry ene rge t i ca l  investments too ,  expressed a l s o  
by f a c t o r s  of F t  pe r  J o r  kwh. Div id ing these  fa .c to rs  by those 
of t h e  branches,  we ha.ve a very important  new f a c t o r  f o r  measu- 
r i n g  t h e  energy i n t e n s i t y  of t he  branches. These new f a c t o r s  of 
F t  energy/Ft  branch have t he  meaning how much a d d i t i o n a l  ener- 
g e t i c a l  investment i s  inev i ta .b ly  necessary  when e s t a b l i s h i n g  
1 F t  f o r  t he  branches. I n  Table 3 can be found t h e  a.pproxima.te 
va.lues of these  s p e c i a l  ai energy i n t e n s i t y  f a c t o r s  by which t he  
balance of t he  I t o t a l  na.t iona1 investments1 can be con. t ro l led  
f o r  the  f u t u r e  planning. This equ i l i b r ium i s  a very  importa.nt 
cond i t i on  t o  a t t a i n  t h e  cons is tence  of t h e  whole economy-deve- 
lopment. By t h e  formula., t he  cond i t i on  i s  expressed - summa.ri- 
z ing  t h e  i=l.. .n branches - a,s fo l l ows  

I = 1 i ( I i +a i - I i )  = CiIi* ( l + a i )  = 1. x i r i a  ( l+a, . )  

from which comes: z i r i o ( l + a i )  = 1 , O .  ( r i  = Ii/I i s  t h e  r a t e  of 

t h e  investment of t he  i - t h  branch re la . ted  t o  t h e  whole one.) 

4.3. S p e c i f i c  Energy Consumptions 

There a r e  some s p e c i a l  se l ec ted  products ( m a t e r i a l s )  of 
h igh  energy i n t e n s i t y  which a r e  handled sepa ra te l y  i n  t he  ge- 
n e r a l  n a t i o n a l  p lanning too. It i s  very c h a r a c t e r i s t i c  t h a t  
they g ive  t he  g r e a t e r  p a r t  of t h e  t o t a l  energy consumption of 
t he  indus t ry .  A t  t he  same t ime, t h e i r  p ropor t ion  i n  t h e  t o t a l  
p roduct ion value i s  very low. These can be seen approximately 
i n  Table 4 r e l a t i n g  t o  t he  year  1980. 
Th is  s p e c i a l i t y  i s  very favorab le  from t h e  viewpoint of long 
term planning,  because t h e  es t ima t ions  of the  perspec t i ve  
energy demands can be c a r r i e d  ou t  w i th  a g r e a t e r  c e r t a i n t y ,  
i .e .  t he  expectab le  demands can be planned i n  a more narrow 
i n t e r v a l .  Namely: 

I The r e s i d e n t i a l  has t o  be ana l i zed  sepa ra te l y  



Table 3  The a d d i t i o n a l  a i  f a c t o r s  i n  F t / F t  

ininga. 
e t a l l u r g y  
a.chinery 

Min. 

0,27 
0 , 2  
0 ,23 
0 , 2  
0 , 1  
0 , 3  
0 , 3  
0 ,25 

Max. 

-- 

a ~ i  t hou t  energy bra.nches 

Ta.ble 4  P ropor t i ons  of s e l e c t e d  products  

measured i n  
J o u l e  

1 / 3  

- The energy demands f o r  producing t h e  s e l e c t e d  products  can 
be planned on t h e  base of s p e c i f i c  consumption, which have 
been worked o u t  t e c h n i c a l l y  and a r e  very  r e l i a b l e .  

- The Others  a r e  of very  low energy i n t e n s i t y ,  t h e r e f o r e  r e l a -  
t i v e l y  g r e a t  u n c e r t a i n t i e s  of t h e  planned F t  v a l u e s  have 
on ly  a l i t t l e  i n f l u e n c e  on t h e  t o t a l  energy demand. 

The s p e c i f i c  energy and e l e c t r i c  energy consumptions 
have been r e g u l a r l y  determined i n  PEC and FEC phase of t h e  
energy flow. Table 5  con ta ins  bo th  t ypes  of t h e  s p e c i f i c  con- 
sumptions f o r  t h e  main s e l e c t e d  products  ( m a t e r i a l s )  ca lcu la -  
t e d  from t h e  s t a t i s t i c a l  d a t a  of t h e  y e a r  1980. (The va lues  
of t h e  s p e c i f i c  consumptions inc lude  e n e r g y + e l e c t r i c  energy,  
t h e  l a t t e r  converted i n t o  Jou le . )  

4.4, Cumulated Fa.ctors 

The end products  coming ou t  from ea.ch branches a r e  con- 
nec ted  w i th  t h e  o t h e r  prev ious p rocess  pha.ses by t h e  ma. ter ia l  
f lows. A s  a. r e s u l t  of such connect ions i t  o f t e n  occurs ,  tha.t  
t h e  end products  of low energy i n t e n s i t y  become of h igh  in- I I 
t e n s i t y  through t h e  ma.ter ia1 consumptions. E.g. t h e  a.bout 
7 , 5  G J / t  s p e c i f i c  energy consumption of meat product ion  in- 
c r e a s e s  a.bout t o  47,7 G J / t ,  i f  we count t h e  energy consumpti- 
ons of a.11 t h e  prev ious p rocesses ,  ma . te r ia l s  (animal  keeping,  
p la.ntculva. t ion,  f e r t i l i z i n g ,  engine f u e l s  e tc . ) .  
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Table 5 Spec i f i c  energy consumptions i n  G J / t  

It is  obvious tha.t on na.tiona.1 l e v e l  the  co r rec t  eva. luat ion of 
products from t h e  aspec t  of energy i n t e n s i t y  may be ca. r r ied 
out  on t h e  ba.se o'f cumula.ted fa .c tors .  The most p rec i se  wa.y 
f o r  determining these  cumulative fa .c to rs  i s  t o  use input-output  
models, However f o r  t h e  pra .c t ice  i t  ma.y be s u f f i c i e n t  t o  ca.1- 
cula. te only t he  d i r e c t  connect ions i ns tead  of us ing  complica- 
ted  models, which have t o  be worked out  i n  the  most cases  i n  
t he  f u tu re .  

I r o n  
I r on  and s t e e l  c a s t i n g  
SM s t e e l  
Smithed and stamped s t e e l  
Aluminiumoxid 
Aluminium 
Cement 
Lime 
Gla.sses 
Ammonia. 
Ca.ustic l y e  
Ethy len 
Ace thy len  
A r t i f i c i a l  f e r t i l i z e r s  
Pa.per 
Rea.dy made 1ea.ther 
Suga.r 

The fundamental r e l a t i o n s h i p s  between E energy consimp- 
t i o n  and P product ion - explained i n  t he  Chapter 3.2. - a r e  
v a l i d  i n  t he  case of growth of E and P parameters i .e .  f o r  
A E  and AP. It means t h a t  t he  connect ion between AE and A P  
is  c rea ted  by t he  energy i n t e n s i t y  of t h e  AP product ion 
growth s t r uc tu re .  Therefore the  growth r a t e s  and a l s o  t he  va- 
l u e  of r = ( A E / E ) : ( ~ P / P )  e l a s t i c i t y  f a c t o r s  depend on the 
product ion s t r u c t u r e s  of P and AP, i .e .  on t h e  energy in ten-  
s i t y  of t h e  economy development. It has t o  be emphasized t h a t  
g r e a t  d i f f e rences  may be i n  the  r f a c t o r s  i n  t h e  funct ion of 
how we c a l c u l a t e  t h e  energy consumption ( n a t i o n a l  o r  wi thout  
r e s i d e n t i a l ,  i n  phase of PEC o r  FEC). It i s  co r rec t  on ly  to  
c a l c u l a t e  w i th  t h e  energy f o r  product ion,  whi le t h e  o t h e r  ca- 
s e  o f t en  occurs  i n t e r n a t i o n a l l y  too. Table 6 shows approxima- 
t e l y  both e l a s t i c i t y  f a c t o r s  between 1960-1982 i n  5-years pe- 
r i o d s  ( n a t i o n a l  i n  PEG, t h e  o t h e r  i n  FEC). Because of t h e  
s p e c i a l i t i e s  of t he  years  a f t e r  1980 i t  has  no sense t o  calcu- 
l a t e  t he  f a c t o r s  t o  those years.  S t i l l  t h e  e f f e c t s  of these 
ex t raord inary  events  can be evaluated by comparing t he  r fac-  
t o r s  of 1975-1982 t o  those of 1975-1980. 

i n  FEC 

20,4 
1394 
4 ,5  

1 5 , 5  
15,7  
65,8 
4 ,5  
6 ,9  

18- 2 6 
40 , 5 
15,2  

133,9 
206,9 
3992 
12 ,9  
22,4 
17,2  

i n  PEC 

21,4 
16,7  
4 ,9  

19,2 
21,6 

198,6 
5,7 
7 , 1  

19-28 
48,O 
41,3 

135,9 
247,7 
47,5 
22,2 
33,O 
25,8 
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Table 6  E l a s t i c i t y  fa .c to rs  

5. REFERENCES 

Nat iona l  r~ 
For  Product ion 'P 

The whole s tudy inc lud ing  ta .b les  and i l l u s t r a t i o n s  a r e  
based on former i n v e s t i g a t i o n s  c a r r i e d  ou t  pe rsona .11~  a.nd/or 
by personal  guidance of t h e  a.uthor i n  working groups, publ i -  
shed i n  pe r i od i ca l s  and i n  o f f i c i a . 1  s t u d i e s  i n  t h e  previous 
years .  

6. CONCLUSION 

It has been numerical ly  proved i n  t h i s  s tudy t h a t  the  
energy i n t e n s i t i e s  of t h e  producing u n i t s  vary i n  a n  ex t rao r -  
d ina ry  wide i n t e r v a l ,  t h e i r  r a t e s  t o  each o t h e r  a r e  mu l t i p le .  
That s i t u a t i o n  has g r e a t  i n f l uences  on t h e  e f f i c i ency  of t he  
n a t i o n a l  product ion and a f f e c t s  t he  p o s s i b i l i t y  of t he  f u t u re  
economy development too. Separate ,  he re  no t  exp la ined inves- 
t i g a t i o n s ,  based on these  energy i n t e n s i t y  f a c t o r s ,  a s  i n t r o -  
duced i n  g r e a t  l i n e s  a l s o  i n  t h e  presented study too,  c l e a r l y  
prove, t h a t  t h e  i n f l uences  and e f f e c t s  a r e  very s i g n i f i c a n t .  
Therefore t h e  r o l e  of t h e  energy i n t e n s i t y  of t h e  product ion 
i n  t h e  f u t u r e  economy planning becomes more and more impor- 
t a n t ,  fo rced i n  an i nc reas ing  ex ten t  by t h e  f u t u r e  s i t u a t i o n  
of t h e  world energy supply. 

1 65 9s 19 0  

3 8  

0,79 

1980 
1975 

0 ,65 

0,59 

1970 
1965 

0 ,47 
0 ,16 

1982 
1975 

0 ,50 

0 ,36 

1975 
1970 

0 ,46  

0 ,54  

1982 
1980 

0 

-0,5 



INPUT-OUTPUT ANALYSES OF THE CHANGES IN ENERGY 
CONSUMPTION IN DANISH INDUSTRIES, 1966- 1979 

Ellen Pldger 
Energy System Group, Ris4 National Laboratory, 4000 Roskilda, Dennzark 

1. INTRODUCTION 

Energy is from a theoretical point of view an input just like many ot- 
hers but after the "first" energy crisis in 1973, energy has been in the 
focus for both economical and political reasons. 

The dramatic shift in the status of energy was followed by a large 
number of studies of energy consumption in both the past and the future. A 
common charateristic for most of these (and later) studies was that they 
based the descriptions and simulations on the development in the relation 
between GDP and total energy consumption. This approach can of course give 
some interesting information but the danger of hiding important underlying 
trends should be stressed. 

Therefore in order to provide more disaggregated informations about 
the structure of energy consumption and hereby to improve energy forecasts 
and energy conservation schemes it is necessary to make more detailed mo- 
dels than the above mentioned and specially to improve the knowledge of 
industrial energy consumption. 

Looking at the statistics it appears that there are several problems 
concerning such models. In contrast to the energy consumption by households 
there is often a lack of data on the energy consumption in industries. This 
problem combined with the problem of providing data on the interaction of 
industries makes it difficult to trace the energy flows through the 
economy. 

The paper presents a method of using input-output calculations to pro- 
vide a split of the overall trend in the industrial energy consumption into 
a demand and a technology component. The results from the input-output 
calculations on Danish data for the period 1966-79 are discussed. 

In part 2 a description of the data sources is given. In part 3 the 
changes in energy consumption in Danish industries are split into a part 
caused by changes in technology and a part caused by changes in final de- 
mand. 

In part 4 it is analysed whether the shifts between Danish production 
and imports have influenced the energy consumption in Denmark. Finally part 
5 shows how the results of the analysis are influenced by the methods used 
for constructing input-output tables. 



2. BASIC DATA OF THE ANALYSES 

2.1. Data sources 

An input-output analysis of energy consumption causes the following 2 
requirements for data. Firstly input-output (10) tables for the first and 
the last year of the period to be analysed are needed and these 10-tables 
must be available in constant prices. Secondly it is necessary to have 
energy data that are directly compatible with the 10-tables. 

The Danish system of national accounts is based on the balancing of a 
commodity-flow system containing 3-4000 commodities and 117 industries, The 
annual 10-tables which for the time being exist for the period 1966-79 are 
constructed directly from this system. For a small open economy like the 
Danish one it is very important how imports are treated in the 10-tables. 
In the Danish tables it is assumed that the ratio of domestic output to 
imports is identical in all domestic uses, but the assumption is applied on 
a very detailed level (1600 commodities). (This way of treating imports is 
a big step forward compared to the method used in a set of preliminary 
tables where the constant ratio assumption was applied on a level of 130 
characteristic commodities, (cf. part 5)). 

The commodity-flow system contains approximately 20 energy products 
and these are special in two ways compared with the other commodities: 

Firstly the balances for energy products are established in both mo- 
netary and physical units as the compilations of data matrices for energy 
in physical terms is necessary because the average price of energy products 
differs substantially between different uses. This fact makes it inadvis- 
able to carry out energy analyses based exclusively on data in monetary 
terms. Secondly the energy products are treated in a separate system of 
balancing. The supply of each of the products is distributed on the 117 
industries and the different categories of final demand using a great deal 
of very heterogeneous information. One of the main sources is the survey of 
energy consumption in industrial establishments with 20 or more employees. 
These surveys are made every 2. or 3. year and they give information of the 
energy consumption in physical terms of approximately 15 energy products. 
In the years where no surveys are carried out, the data are based 
accounting information of the expenditure on fuel and power combined with 
the information from the latest energy survey. 

The energy consumption by smaller industrial establishments is calcu- 
lated by extrapolating for each branch the relation between energy consump- 
tion and the size of the establishment known from those establishments 
covered by the survey. 

2.2. Trends in the industrial energy consumption 

In order to get an expression for the total energy consumption in each 
of the 117 industries the consumption in physical terms has been transfered 
to calorific values. 

As a simple tranference to calorific values would cause problems of 
double counting the concept of energy consumption applied in the cal- 
culations is Itnet" energy consumption Ifin the sense that electricity, di- 
strict heating and gaswork gas - but not refined petroleum products - have 
been replaced by the inputs of energy products into the transformation". 
(cf.(l) p. 22). Thus, the energy consumption in the branches: "Electric 
light and powerff, !!Gas manufacture and distributionff and l1Steam and hot 
water supply1' will appear to be very low because it covers only the energy 
used for motor vehicles and the energy consumption in IfPetroleum refineri- 
es" is 0 as the energy consumption of refined petroleum products is calcu- 



lated ab refineries (or as imports c.i.f.1. 
Besides avoiding the problems of double counting this concept of ener- 

gy consumption will also secure that any substitution from electricity to 
other energy products will not appear as an increase in the energy con- 
sumption in the specific industry. 

Looking at the data for Denmark table 1 shows the energy consumption 
in industries for the years 1966-80. 

TABLE 1 Energy consumption in Danish industries 1966-79. 

EC EC/GDP 
Year (TJ (TJ/mill.kr.) 

1966 338782 2.02 
1967 350861 2.02 
1968 365133 2.03 
1969 396373 2.07 
1970 418491 2.13 
197 1 411103 2.05 
1972 439257 2.07 
1973 449327 2.04 
1974 41 5400 1 .90 
1975 402318 1.86 
1976 450921 1.96 
1977 462190 1.96 
1978 483584 2.02 
1979 479373 1.93 
1980 452171 1.83 

EC : Energy consumption 
GDP : Gross domestic product at 1975-prices 

It is seen that the energy consumption (EC) has increased 33.5% over 
the period or approximately 2% per year but that the growth primarily took 
place before the energy crisis in 1973. It is worth noticing that the ener- 
gy consumption decreased by 10.5% from 1973-75 but that the 1976 level was 
equal to the 1973 level. The second energy crisis can be seen by the 
decrease from 1978 to 1980. 

The energy coefficient which is shown in column 2 states the energy con- 
sumption per unit of GDP at constant 1975-prices. This coefficient shows a 
rather fluctuating picture with an increase from 1966 to 1970, a downward 
trend until 1975, a new increase until 1978 and at the end a drop from 1978 
to 1980. It is obvious that a coefficient with this kind of fluctuation is 
not a suitable tool for projections of the future energy consumption unless 
one is able to give a precise description of what factors have caused the 
fluctuations. 

3. A YODEL FOR MANGES IN DOYESTIC ENERGY CONSWPTI9N 

3.1. Production and energy consumption 

The existence of annual 10-tables and supporting data matrices for 
energy consumption makes it possible to study the development of the energy 
consumption in different industries along with a study of the development 
in the interaction of industries and their supply to final demand. 



Consider ing t h e  energy consumption i n  a s i n g l e  i n d u s t r i a l  e s t a b l i s h -  
ment it i s  obvious t h a t  t h i s  consumption may change f o r  3 reasons:  

A .  Changes i n  t h e  ou tpu t  l e v e l  
Any s h i f t  i n  t h e  demand f o r  t h e  produced good o r  s e r v i c e  w i l l  change 
t h e  energy consumption. 
I f  t h e  product ion technology remains t h e  same t h e  change i n  output  
w i l l  cause a p ropor t i ona l  changes i n  energy consumption because t r a -  
d i t i o n a l  10-models assume t h a t  t h e  maginal i n p u t  s t r u c t u r e  i s  equa l  t o  
t h e  average i n p u t  s t r u c t u r e .  

B. Changes i n  technology 
Changes i n  t h e  product ion technology w i l l  change t h e  energy consump- 
t i o n  even i f  t h e  ou tpu t  l e v e l  i s  unchanged. The e x i s t e n c e  of 10 - tab les  
f o r  more than a s i n g l e  y e a r  makes i t  p o s s i b l e  t o  i n c o r p o r a t e  t h i s  
e f f e c t  i n  t h e  a n a l y s i s  bu t  i t  w i l l  however on ly  be p o s s i b l e  t o  t r a c e  
t h e  changes i n  technology t h a t  i n f l u e n c e  t h e  i n t e r a c t i o n  o f  i n d u s t r i e s  
and the reby  t h e  10 -coe f f i c ien ts .  
Changes i n  technology,  when i n t e r p r e t e d  a s  changes i n  t h e  composi t ion 
of i n p u t s  on d e l i v e r i n g  i n d u s t r i e s ,  w i l l  i nvo lve  both f o r e i g n  and 
domes t i ca l l y  produced goods and s e r v i c e s .  The a n a l y s e s  w i l l  d e a l  w i th  
t h e  " t o t a l "  technology (exogeneous model) a s  w e l l  a s  t h e  p a r t  o f  tech-  
nology t h a t  i nvo lves  only goods and s e r v i c e s  produced i n  Denmark (en- 
dogeneous model) .  

C.  Changes i n  t h e  ou tpu t  mix o f  t h e  es tab l i shment  
Any s h i f t s  between products  o f  d i f f e r e n t  energy i n t e n s i t y  w i l l  a f f e c t  
t h e  energy consumption p e r  average u n i t  o f  o u t p u t .  
With t h e  a v a i l a b l e  s t a t i s t i c a l  sou rces  i t  i s  u n f o r t u n a t e l y  n o t  poss i -  
b l e  t o  s e p a r a t e  t h e  e f f e c t  o f  changing technology and changing ou tpu t  
mix and t h e  common e f f e c t  w i l l  be t r e a t e d  under t h e  heading o f  
techno log ica l  changes. 

The t r a n s f e r e n c e  o f  t h e  3 above mentioned f a c t o r s  from t h e  micro- t o  
macro leve l  pe rm i t s  t h e  use  o f  a n  10-ana lys is .  

The s tudy  w i l l  d e a l  w i th  t h e  pe r iod  1966-79 but  i n  o r d e r  t o  g e t  a more 
d e t a i l e d  view of  t h e  development t h e  per iod h a s  been subdiv ided i n t o  4 
p a r t s :  1966-70, 1970-73, 1973-75, 1975-79. Th is  s u b d i v i s i o n  has  been chosen 
because o f  t h e  d a t a  sources  a s  t h e  energy m a t r i c e s  a r e  cons idered t o  be o f  
a h i g h e r  q u a l i t y  i n  y e a r s  f o r  which energy su rveys  have been c a r r i e d  o u t  
(1966,70,73,75,78) .  

3.2. The i n f l u e n c e  o f  demand and technology on energy consumption 

The b a s i s  o f  t h e  a n a l y s i s  i s  a s t a t i c  10-model w i th  endogeneous i m -  
p o r t s  ( i .e .  t h e  import ma t r i x  i s  separa ted  o u t )  

where x is a column v e c t o r  f o r  t h e  ou tpu t  o f  i n d u s t r i e s  

( I - A ) - '  i s  t h e  i n v e r s e  Leont ie f  ma t r i x  
D is a mat r i x  f o r  t h e  composi t ion o f  f i n a l  demand where a column con- 
t a i n s  t h e  p ropor t i ons  d e l i v e r e d  from i n d u s t r i e s  i n t o  each ca tegory  of 
f i n a l  demand. 
d i s  a column v e c t o r  f o r  t h e  a b s o l u t e  l e v e l  o f  f i n a l  demand by c a t e -  
gory .  

By means o f  t h e  energy m a t r i c e s  i t  i s  p o s s i b l e  t o  c a l c u l a t e  t h e  energy 
consumption p e r  u n i t  o f  ou tpu t  i n  each o f  t h e  117 i n d u s t r i e s .  I f  a v e c t o r  
f o r  t h i s  energy consumption i s  i n t roduced  i n  ( I ) ,  one g e t s  an exp ress ion  



for the total energy consumption in industries in a single year. 

where e is a vector for the energy consumption per unit of output. 
The symbol x denotes element multiplication whereas-denotes common ma- 

trix multiplication. 
As equation (2) can be established for any year, the change in the 

energy consumption between the years t and t-I can be written as: 

Equation (3) makes it possible to split the change in energy consump- 
tion into one part caused by changes in technology (4) and another part 
caused by changes in final demand (5). 

- 1 
4) Technology: eta( ~ I - A ) E ! D ~ - ~ - ~ ~ - ~ )  - et-,u( (I-A)t-l=Dt-l*dt-l) 

5) Demand: e xi ( I - A ) ; ~ = ( D ~ ~ ~ ~  - t Dt-l'dt-, ) )  

From (4) it is seen that changes in technology are interpreted as 
changes in either the energy consumption per unit of output or in the IO- 
coefficients, even though these changes could be caused by changes in the 
output mix. 

The possibility to distingquish between changes in 10-coefficients and 
energy coefficients is due to the applied concept of energy consumption. 
Changes in the energy consumption per unit of output will of course change 
the 10-coefficients but as these changes are multiplied by the energy 
coefficients, which are negligible in the energy producing industries the 
factor for changes in 10-coefficients will be exclusive of changes in the 
energy coefficients. 

From (5) it is seen that the demand factor covers both changes in the 
level and in the composition of final demand. 

In table 2 the results of the 10-calculations are shown for the whole 
period as well as for the 4 subperiods. In the calculations the 10-tables 
in 1975 prices are used. The model treats the imports as endogeneous so the 
results are comparable with the changes that can be calculated from table 

I. 

TABLE 2 Changes in industrial energy consumption 1966-79 (TJ) 

Period Demand Technology Total 

Table 2 shows that the demand component caused an increase in the 
energy consumption in all subperiods except 1973-75 where there was a de- 
crease in the energy consumption. The changes over the whole period were 
heavily influenced by the demand component while technology has only had a 
slight decreasing effect, but it can be seen from the table that if the 



demand had remained unchanged at the 1966-level the energy consumption 
would have decreased by 20450 TJ over the period. 

3.3. A further decomposition 

It has earlier been mentioned that the demand component covers changes 
in the volume as well as changes in the composition of final demand and 
that the technology component covers changes in the 10-coefficient as well 
as changes in the energy consumption per unit of output. A Split of the 
total change in energy consumption in these 4 parts can be done using 
equation (4) and ( 5 ) .  

The technology component can be split into: 

Changes in 10-coeff icient : et w (  (I-A 1;' - (I-A)-' t-1 )oDt-l'dt-l 

- 1 
Changes in energy-coefficient (et- etel )a( (I-A)t-l*Dt-l-dt-l) 

For the demand component it is possible to make a similar simple split 
between the changes in D and the changes in d. However, the changes in d 
will cover both changes in the level of final demand and the shifts between 
the different categories. In order to isolate the changes in the level of 
final demand a special vector d* is constructed as: 

where di is the different categories of final demand. This means that in d* 
the composition of the different categories of final demand is the same as 
in year t but the level of the total final demand is as in year t-I . By 

f using d the demand component (5) can be written as: 

6 )  can be split into 2 components: 

Changes in the composition of final demand : eta ( (I-*);' ( ~ ~ . d * - ~ ~ - l d ~ - ~  ) ) 

Changes in the level of final demand : eta (I-A);!(D~*~~-D~* d*) ) 

As it is seen the component for changes in the composition of final 
demand includes changes in the relative importance of different categories 
of final demand as well as the changes in the branch composition of each of 
the final demand categories, while the component for changes in the volume 
of final demand covers only the changes in total final demand. 

When the further split of the technology component is introduced it is 
necessary to weight one of the changes with matrices from different 
periods. For example the d and D matrices are from year t-I in the compo- 
nent for the changes in 10-coefficients while the e vector is from year t. 
However, this problem can not be overcomed due to the underlying equation 
(2) but it is possible to shift the mixed weighting between the two 
subcomponents of technology. 

Table 3 shows the results of the analysis of the changes in the 
industrial energy consumption in the whole period 1966-79 and in the 4 
subperiods. For the period 1966-79 table 4 gives detailed results on 27 
branches that are an aggregation of the basic 117 industries. 
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TABLE 3 Changes in industrial energy consumption 1966-79 (TJ) 

From the last row of table 3 it is found that the changes in demand 
were much more important for the changes in energy consumption in indu- 
stries from 1966 to 1979 than the changes in technology. The figures show 
that if the final demand has remained unchanged from 1966 to 1979 the ener- 
gy consumption would have decreased by 20540 TJ over the period when com- 
pared to the actual increase by 140588 TJ stresses the importance of chan- 
ges in final demand. The split of both the demand and the technology compo- 
nent gives further information on the causes of the changes. It can be 
noticed that the increase in energy consumption was solely caused by the 
changes in the level of final demand while the 3 other factors slowed down 
this increase. 

As the above analysis is based on a comparison of the energy-economy 
relations in the years 1966 and 1979 the results do not give any information 
about fluctuations in the intervening years and about whether the relative 
importance of the different factors was the same throughout the period. In 
order to get an answer to this question it may be useful to look at the 
results for the 4 subperiods. It should be noticed that a summation of the 
figures for each component over the 4 subperiods is not equal to the 
changes over the whole period. This is due to fact that in the calculations 
for the period 1966-70 for example, the demand component was calculated by 
using the 1970-technology while the same calculations for the period 
1966-79 have used the 1979-technology. A summation over the subperiods will 
therefore imply a mixed technology of the years 1970,73,75 and 79 weighted 
by the changes in final demand in each subperiod. The problem is comparable 
with the use of chainindices. 

Table 3 shows that the structure from the whole period cannot quite be 
transfered to the subperiods. Generally the changes in 10-coefficients are 
of little importance and the changes in the volume of final demand are 
still very important but the influence from the two other factors makes the 
picture shift between the periods. 

The energy consumption per unit of output has increased from 1966 to 
1970 which is not surprising as the energy costs at that time were of minor 
importance. It is on the other hand a bit surprising that the decrease in 
this factor was initiated as early as in the period 1970-73 and one would 
have expected the effects from the factor to continue after 1975. An 
explanation can be given by the detailed results which permit a study of 
each of the 117 industries. This shows that the increase in the energy 
consumption per unit of output during the period 1975-79 can be attributed 
to changes in the branch "Producers of government  service^^^. This seems 
reasonable as the winter of 1979 was exceptionally cold and as most of the 
energy consumption in this branch is used for heating. If the influence of 
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t h i s  branch i s  deducted,  t h e  t r e n d  from t h e  two prev ious pe r iods  w i l l  
con t inue  a s  expected. 

The component f o r  t h e  changes i n  t h e  volume o f  f i n a l  demand fo l l ows  
t h e  expected p a t t e r n  wi th  an i n c r e a s e  i n  a l l  p e r i o d s  except  1973-75 where 
t h e  energy c r i s i s  caused downward economic t rends .  

TABLE 5 Changes i n  energy consumption o f  manufacture o f  cement, l ime  and 
p l a s t e r  1966-79 ( T J )  

To g i v e  an impression o f  how t h e  d e t a i l e d  r e s u l t s  can g i v e  f u r t h e r  i n -  
format ion t a b l e  5 shows t h e  f i g u r e s  f o r  t h e  branch "Manufacture o f  cement, 
lime and p l a s t e r t ' .  Again t h e  importance o f  t h e  volume o f  f i n a l  demand is 
under l ined but  it can a l s o  be seen how t h e  f i g u r e  f o r  t h e  t o t a l  change can 
h ide  t h e  i n f l u e n c e  from o t h e r  f a c t o r s .  From 1973-75 t h e  energy consumption 
o f  t h e  branch decreased by 3826 TJ bu t  t h e  t a b l e  shows t h a t  t h e  energy con- 
sumption p e r  u n i t  o f  ou tpu t  a c t u a l l y  i nc reased .  Th is  may be caused by a 
r i g i d i t y  i n  t h e  product ion p rocess  a s  both demand components decreased 
s u b s t a n t i a l l y  o r  may be exp la ined by a change towards cheaper  energy pro- 
d u c t s  which have decreased t h e  inc i temen ts  t o  i n t roduce  energy conserva t ing  
techno log ies .  I n  p a r t i c u l a r  i t  should be no t i ced  t h a t  i n  t h i s  pe r iod  t h e  
component f o r  changes i n  volume was less impor tant  than  t h e  o t h e r  demand 
component which r e f l e c t s  t h e  dramat ic  d rop  i n  cons t ruc t i on .  

T o t a l  
change 

TECHNOLOGY 
10- Energy 

T o t a l  coef .  coef .  Per iod 

DEMAND 
Compo- 

T o t a l  s i t i o n  Level 



TABLE 6 Energy consumption by kind of activity 

EC IIECII Composition Composition Energy-coef. 
1966 1979 '1 966 1979 1979 

Branch (TJ) (TJ) ( % )  ( %  TJ/mill.75kr 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
1 1 .  
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 

Total 
- - - - - - - - 

EC : Energy consumption 
"ECfl: Energy consumption calculated under the assumption of unchanged energy 

coefficients. 

Note: Explanation of the branchnumbers can be found in table 4. 

Shifts between high- and low energy intensive branches 

Up till now the analysis has concentrated on the right hand side of 
equation 3, but it is of course also possible to use the left hand side of 
the equation. This can be written as: 

where A expresses how the changes in the energy coefficients have affected 
the changes in the energy consumption and B expresses how changes in the 
industrial structurelhave affected the energy consumption. 

AS x ~ - ~  = ( I - A ) ~ - ~ * D ~ - ~ * ~ ~ - ~  part A is equal to the technology factor 

for changes in energy consumption per unit of output and B is equal to the 
sum of the 3 other factors shown in column 7 of table 3. It can be seen 



t h a t  s u b s t a n t i a l  changes have taken  p l a c e  i n  t h e  composi t ion o f  Danish 
i n d u s t r y  i n c l u d i n g  s h i f t s  between high and low energy - in tens ive  i n d u s t r i e s .  
Table 6 g i v e s  a more d e t a i l e d  p i c t u r e  o f  t h e s e  s h i f t s .  The f i r s t  column o f  
t h e  t a b l e  shows t h e  energy consumption i n  t h e  27 branches i n  1966. I f  t h e  
changes i n  energy consumption caused by changes i n  ou tpu t  a r e  added t o  t h e  
1966 f i g u r e s  i t  can be ana lysed how t h e  composi t ion i n  t h e  t o t a l  energy 
consumption would have been i n  1979 i f  energy consumption p e r  u n i t  o f  
ou tpu t  had remained unchanged. From column 3 and 4 and t h e  1979 energy 
c o e f f i c i e n t s  i n  column 5 i t  is  seen  t h a t  t h e  r e l a t i v e  importance of f i v e  o f  
t h e  s i x  most energy i n t e n s i v e  branches ( a g r i c u l t u r e  e t c . ,  f i s h i n g ,  mining 
and quar ry ing ,  chemical  and petroleum i n d u s t r i e s  and non-meta l l i c  minera l  
p roduc ts )  h a s  decreased ove r  t h e  per iod - on ly  t r a n s p o r t  and s t o r a g e  have 
inc reased .  These changes, t o g e t h e r  w i t h  t h e  dec rease  i n  energy 
c o e f f i c i e n t s ,  must have caused t h e  dec rease  i n  t h e  o v e r a l l  energy coef-  
f i c i e n t  t h a t  was seen i n  t a b l e  1. I f  t h e  branch energy c o e f f i c i e n t s  had 
remained unchanged t h e  t o t a l  energy c o e f f i c i e n t  would on ly  have decreased 
from 2.02 t o  1.98 whi le  t h e  a c t u a l  dec rease  was from 2.02 t o  1.93. 

4. FOREIGN AND DOMESTIC PRODUCTION 

I n  p a r t  2 i t  was shown how t h e  changes i n  t h e  energy consumption i n  
Danish i n d u s t r i e s  have been in f l uenced  by changes i n  both technology and 
demand. These changes w i l l  however be  in f l uenced  i n  two ways by t h e  r e l a -  
t i o n  between domest ic product ion and impor ts .  F i r s t l y  a s u b s t i t u t i o n  be- 
tween Danish product ion and impor ts  w i l l  a f f e c t  t h e  Danish energy consump- 
t i o n .  Secondly an i n t r o d u c t i o n  o f  energy s a v i n g  techno log ies  w i l l  due t o  
d i f f e r e n t  import  quotas on d i f f e r e n t  p roduc ts  n o t  cause  a p r o p o r t i o n a l  
change i n  t h e  domest ic and t h e  o v e r a l l  energy consumption. 

Th is  means t h a t  i n  o r d e r  t o  g e t  a more complete p i c t u r e  o f  t h e  i n f l u -  
ence from changes i n  technology i t  is  necessary  t o  i n c l u d e  f o r e i g n  a s  w e l l  
a s  domest ic  product ion.  

The energy c o n t e n t  i n  impor ts  o f  non-energy commodit ies h a s  been c a l -  
c u l a t e d  by u s i n g  t h e  product ion f u n c t i o n s  f o r  t h e  Danish i n d u s t r i e s ,  ( t h e  
s o c a l l e d  " s e l f  s u f f i c i e n c y  methodu).  

Thus t h e  en larged energy consumption (EEC) is  c a l c u l a t e d  a s :  

where EC i s  t h e  energy consumption i n  Danish i n d u s t r i e s  and IEC is  t h e  
energy c o n t e n t  i n  impor ts  of non-energy commodit ies. 

TABLE 7 Energy consumption and en la rged  energy consumption i n  s e l e c t e d  
y e a r s  ( T J )  

1966 1970 1973 1975 1979 

EC 338785 418488 449330 402317 479373 
index 1975=100 84 104 112 100 119 

EEC 551983 678227 759547 671390 746837 
i ndex  1975=100 82 101 113 100 11 1 



It can be seen from table 7 that despite slight variations, the gene- 
ral trend seems to be the same for the development in EC and EEC for the 
period 1966--75 while EC increased more than EEC from 1975 to 1979. 

In order to get a better understanding of the factors which caused the 
changes in EEC the above analysis has been applied using matrices that 
contain the demand for foreign as well as for domestic production. The 
results from this analysis will be in accordance with the changes in EEC 
shown in table 7. 

TABLE 8 Cnanges in enlarged energy consumption 1966-79 (TJ) 

As indicated by table 8 the changes in EEC are just like the changes 
in EC mainly determined by changes in final demand. A comparison of the 
analyses of the changes in EC and in EEC is given in table 9. This indi- 
cates that the changes in final demand were relatively more important for 
the changes in EEC than for the changes in EC. These observations are most- 
ly due to the fact that the demand and the technology factor were counter- 
acting each other more in the changes in EEC. 

DEMAND 
Compo- 

Total sition Level 

TABLE 9 Comparison of the relative importance of different factors for 
the changes in EC and EEC. 

TECHNOLOGY 
10- Energy 

Total coef. coef. 

1970-73 EC 155.2 -10.5 110.5 -55.2 2.2 97.8 100.0 
EEC 109.4 -0.5 100.5 -9.3 -33.3 133.2 100.0 

Total 
change 

- 

1973-75 EC 42.5 34.6 65.4 57.5 1.4 98.6 100.0 
EEC 45.5 45.7 54.3 54.5 67.3 32.8 100.0 

1975-79 EC 99.3 9.4 90.6 0.7 -757.1 857.1 100.0 
EEC 160.7 11.0 89.0 -60.7 -20.8 120.8 100.0 

EEC 132.9 -3.3 103.3 -32.9 9.6 90.4 100.0 
EC : Analysis for changes in the energy consumption 

Total 
change 

Ana- 
lysis 

EEC : Analysis for changes in the enlarged energy consumption. 
Note : The total demand and technology factors are given as a percentage 

of the total change in energy consumption while the subcomponents 
are given as percentages of the demand respectively the technology 
factor. 

1966-70 EC 79.6 -16.3 116.3 20.4 -20.1 120.1 100.0 
EEC 90.6 -4.6 104.6 9.4 117.0 -17.0 100.0 

DEMAND 
Compo- 

Total sition Level 

TECHNOLOGY 
10- Energy 

Total coef. coef. 



While t h e  r e l a t i v e  importance o f  t h e  two demand f a c t o r s  is  more o r  
l e s s  t h e  same f o r  both a n a l y s e s ,  t h i s  is  n o t  t r u e  f o r  t h e  two technology 
f a c t o r s .  For t h e  whole pe r iod  1966-79 t h e  changes i n  energy consumption p e r  
u n i t  of ou tpu t  were r e l a t i v e l y  more impor tant  f o r  t h e  changes i n  EEC but  
t h i s  p a t t e r n  cannot be found f o r  a l l  t h e  subper iods.  For example t h e  
changes i n  10 -coe f f i c ien t  a r e  n o t  v e r y  impor tant  a s  f a r  a s  changes i n  EC 
dur ing  t h e  per iod 1973-75 a r e  concerned. When however impor ts  a r e  inc luded 
t h e r e  has  been dramat ic  changes i n  t h e  i n t e r a c t i o n  o f  i n d u s t r i e s ,  and these  
have p a r t i c u l a r  caused a  dec rease  i n  t h e  demand by o t h e r  i n d u s t r i e s  f o r  t h e  
p roduc ts  supp l ied  by manufacturers  o f  b a s i c  i n d u s t r i a l  chemica ls ,  
f e r t i l i z e r s  and b a s i c  p l a s t i c  m a t e r i a l s .  

The above mentioned r e l a t i v e  dec rease  i n  EEC can however no t  s o l e l y  be 
exp la ined by a  s u b s t i t u t i o n  from f o r e i g n  t o  domest ic product ion.  The 
dec rease  i n  EEC can a l s o  be caused by a n  i n t r o d u c t i o n  o f  energy sav ing  
techno log ies  because t h e s e  w i l l  due t o  t h e  d i f f e r e n t  import  quo tas  on d i f -  
f e r e n t  products  no t  cause a  p r o p o r t i o n a l  change i n  EC and EEC. 

To sum up d i f f e r e n c e s  i n  t h e  t r e n d s  of EC and EEC a r e  caused e i t h e r  by 
t h e  s t r u c t u r e  o f  impor ts  ( d i f f e r e n c e s  i n  import  q u o t a s )  o r  by a  s u b s t i -  
t u t i o n  between fo re ign  and domest ic product ion (changes i n  import  q u o t a s ) .  
From t h i s  knowledge and by u s i n g  t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  t h e  changes 
i n  EC and EEC a more thorough t rend  a n a l y s i s  can be c a r r i e d  o u t .  

S t a r t i n g  from t h e  b a s i c  equa t ion  o f  t h e  endogeneous ( 8 )  r e s p e c t i v e l y  
t h e  exogeneous model ( 9 )  i t  is  see? t h a t  t h e  d i f f e r e n c e s  i n  t h e  c a l c u l a t i o n s  
o f  EC and EEC a r e  d i f f e r e n t  ( I - A )  and D mat r i ces .  

8 )  EC = e r ( ( I - A ) - '  D a d  

9 )  EEC = ~ . ( ( I - A  ) - ' . ~ ~ . d  

Because o f  t h i s  no f u t h e r  exp lana t ion  t o  whether t h e  changes i n  i m -  
p o r t s  have caused an i n c r e a s e  o r  dec rease  i n  energy consumption a r e  g i ven  
by t h e  components f o r  changes i n  energy c o e f f i c i e n t s  and f o r  changes i n  t h e  
volume of  f i n a l  demand. 

Thus t a k i n g  i n t o  account on ly  t h e  changes i n  t h e  1 0 - c o e f f i c i e n t s  o r  i n  
t h e  composi t ion o f  f i n a l  demand t h e  fo l l ow ing  changes i n  energy consumption 
can be c a l c u l a t e d .  

EC EEC 
1966-70 -13690 TJ 8654 TJ 
1970-73 -5413 TJ 2036 TJ 
1973-75 -7306 TJ -50627 TJ 
1975-79 3133 TJ 22756 TJ 

I f  t h e s e  changes a r e  combined w i th  1966 energy consumption two new 
t ime s e r i e s  f o r  EC and EEC appear .  These s e r i e s ,  c a l c u l a t e d  from a method 
s i m i l a r  t o  c h a i n i n d i c e s ,  a r e  shown i n  t a b l e  10 and r e v e a l  a  p i c t u r e  q u i t e  
d i f f e r e n t  from t h e  one shown i n  t a b l e  7. From t h e  new d a t a  i t  can be con- 
c luded t h a t  t h e  e f f e c t  from changes i n  impor ts  have tended t o  decrease the 
p a r t  o f  t h e  o v e r a l l  Danish energy consumption t h a t  is  t a k i n g  p l a c e  i n  
Denmark. 

Th is  r e s u l t  u n d e r l i n e s  t h e  importance o f  c a r r y i n g  ou t  d e t a i l e d  energy 
a n a l y s e s  a s  t h e s e  might r e v e a l  f a c t o r s  t h a t  a r e  hidden i n  t h e  aggregated 
f i g u r e s  . 



TABLE 10 Adjusted energy consumption and ad jus ted  en larged energy consump- 
t i o n  f o r  s e l e c t e d  years  ( T J ) .  

1966 1970 1973 1975 1979 

I:ECII 338785 325095 319682 312376 315509 

index 1975=100 108 104 102 100 101 

"EEC" 551983 560637 562673 512046 534802 
index 1975-100 108 109 110 100 104 

5. SENSITIVITY OF THE ANALYSIS 

This r e s u l t s  y ie lded  by t h e  ana lyses  i n  p a r t  3 and 4 w i l l  o f  cource be 
dependent on t h e  d a t a  sources  and e s p e c i a l l y  on t h e  q u a l i t y  o f  t h e  I O -  
t a b l e s .  

A s  t h e  Danish 10 - tab les  f o r  t h e  pe r iod  1966-75 e x i s t  i n  two v e r s i o n s ,  
i t  is p o s s i b l e  t o  t e s t  t h e  s e n s i t i v i t y  o f  t h e  a n a l y s i s  i n  t h i s  r e s p e c t .  

The d i f f e r e n c e s  between t h e  two set o f  t a b l e s  t h a t  a r e  o f  importance 
f o r  t h e  a n a l y s i s  can be summarised i n  t h e  fo l l ow ing  3 p o i n t s :  

1 )  Branch c l a s s i f i c a t i o n .  
The branch c l a s s i f i c a t i o n  i n  t h e  former t a b l e s  fo l lowed 1958 ISIC and 
c o n s i s t e d  o f  130 i n d u s t r i e s .  
I n  t h e  new t a b l e s  t h e  number o f  i n d u s t r i e s  h a s  decreased t o  117 which 
a r e  based on 1968 ISIC and which have been e s t a b l i s h e d  by amalgamating 
o r  resequenc ing t h e  130 i n d u s t r i e s  and add ing two new ones. 

2 )  S p l i t  o f  absorp t ion  mat r i x  i n t o  f o r e i g n  and domest ic product ion.  
I n  both  set o f  10 - tab les  i t  has  been assumed t h a t  t h e  r a t i o  o f  dome- 
s t i c  product ion t o  impor ts  i s  i d e n t i c a l  i n  a l l  domest ic uses .  However, 
i n  t h e  pre l iminary  t a b l e s  t h e  assumption was a p p l i e d  a t  t h e  l e v e l  o f  
130 i n d u s t r i e s  wh i le  i n  t h e  new t a b l e s  t h e  assumption i s  app l ied  on 
t h e  1600 commodity l e v e l  ( f o u r  d i g i t  CCCN) .  

3) Estab l ishment  o f  t h e  10 - tab les .  
The former 10 - tab les  were e s t a b l i s h e d  by m u l t i p l i c a t i o n  o f  t h e  130x130 
make mat r i x  by t h e  130x130 absop t ion  matr ix .  
The new 10- tab les  a r e  e s t a b l i s h e d  from t h e  r e c t a n g u l a r  m a t r i c e s  by 
m u l t i p l i c a t i o n  of t h e  117x1600 make mat r i x  by t h e  1600x117 absop t ion  
mat r i x .  

I n  t h e  l i g h t  o f  t h e  d i f f e r e n c e s  s t a t e d  i n  t h e  3 above mentioned p o i n t s  
i t  i s  ev iden t  t h a t  t h e  new 10- tab les  have been e s t a b l i s h e d  by t h e  use o f  
much more d e t a i l e d  in format ion and t h a t  unnecessary aggrega t ion  e r r o r s  have 
hereby been avoided. 

Table 11 shows a comparison of t h e  ana lyses  o f  t h e  changes i n  t h e  
energy consumption i n  Danish i n d u s t r i e s  from 1966 t o  1975 based on both  t h e  
former and t h e  new 10- tab les .  The f i g u r e s  f o r  each component a r e  g i ven  a s  a 
percentage o f  t h e  t o t a l  change i n  t h e  per iod.  The subcomponents a r e  a l s o  
g i ven  a s  a percentage o f  t h e  demand and t h e  technology component respec- 
t i v e l y .  

I n  t h e  pe r iods  1966-70 and 1970-73 t h e  r e l a t i v e  importance o f  t h e  de- 
mand and technology component was almost t h e  same i n  t h e  two c a s e s  but  i n  
t h e  pe r iod  1973-75 t h e  technology component was t h e  most impor tant  f a c t o r  
when t h e  a n a l y s i s  was based on t h e  new 1 0 - t a b l e s ,  whi le  t h e  demand com- 



ponent was more important when t h e  a n a l y s i s  was based on t h e  former t a b l e s .  

TABLE 11 Comparison of ana lyses  c a r r i e d  o u t  on t h e  former and t h e  new 
10- tab les.  

- - - - - -- - - 

F : Former 10- tab les 
N : New 10- tab les 
Note: The f i g u r e s  given i n  b racke ts  a r e  t h e  subcomponents i n  percentage of 

r e s p e c t i v e l y  t h e  demand and technology component. 
It should be no t i ced  t h a t  t h e  f i g u r e s  f o r  t h e  new 10- tab les  a r e  n o t  
d i r e c t l y  comparable wi th  t h e  f i g u r e s  i n  t a b l e  3. This  due t o  a  d i f -  
f e r e n t  per iod composit ion of t h e  2 subcomponents f o r  technolgy and a 
changed d e f i n i t i o n  of composit ion of  f i n a l  demand a s  t h e  concept 
used i n  t h i s  t a b l e  covers  on ly  changes i n  t h e  branches composit ion 
whi le  changes i n  t h e  r e l a t i v e  importance of d i f f e r e n t  c a t e g o r i e s  o f  
f i n a l  demand is  c a l c u l a t e d  under heading o f  changes i n  l e v e l .  These 
chances have been made i n  o r d e r  t o  make t h e  r e s u l t s  comparable w i th  
prev ious c a l c u l a t i o n s  on t h e  former 10- tab les.  

I f  t h e  r e l a t i v e  importance of t h e  f o u r  subcomponents a r e  s t u d i e d  t h e  
most i n t e r e s t i n g  phenomenon i s  t h a t  t h e  in f l uence  from t h e  changes i n  I O -  
c o e f f i c i e n t s  has decreased i n  a l l  pe r iods ,  both i n  r e l a t i o n  t o  t h e  t o t a l  
changes i n  energy consumption and i n  r e l a t i o n  t o  t h e  change caused by chan- 
ges i n  f i n a l  demand. 

Th is  i n d i c a t e s  t h a t  t h e  10-coe f f i c ien ts  a r e  more s t a b l e  i n  t h e  new 
10- tab les  and t h a t  p a r t s  o f  t h e  change i n  10 -coe f f i c ien ts  which could be 
seen i n  t h e  former t a b l e s  was due t o  t h e  method used i n  producing 10-tab- 
l e s .  I f  t h e  c o e f f i c i e n t s  tend t o  be more s t a b l e  i n  t h e  new t a b l e s  t h e  re-  
l a t i v e  importance o f  t h e  changes caused by changes i n  t h e  branch compo- 
s i t i o n  o f  f i n a l  demand should a l s o  be diminished by u s i n g  t h e  new t a b l e s .  
Th is  conc lus ion is  i n  agreement wi th  t h e  f i g u r e s  g iven i n  t a b l e  11 and t h e  
o v e r a l l  conc lus ion must t h e r e f o r e  be t h a t  an  a n a l y s i s  based on t h e  former 

T o t a l  
change. 

Ver- 
s i o n  

DEMAND 
Compo- 

To ta l  s i t i o n  Level 

TECHNOLOGY 
10- Energy ' 

Tota l  coef .  coef .  



tables will overestimate the influence from changes in the interdependence 
of industries. 

6. CONCLUSION 

The paper has shown how a method of combinating energy data and 
10-tables can be used to explain the changes in energy consumption by 
changes in technology and in final demand. 

The method has been applied to the domestic energy consumption as well 
as to the overall energy consumption that includes the energy content in 
imports of non-energy products. Differences in the trends of the 2 concepts 
of energy consumption can give information of the influence of changes in 
imports. 

Finally the method has shown how the 10-analyses are dependent on the 
method used for constructing 10-tables. 
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THE STRUCTURE OF ENERGY PRODUCTION AND 
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By i n i t i a t i n g  t h e  development o f  i n p u t - o u t p u t  t a b l e s  o f  energy f l ows  f o r  
1975 i n  seven member c o u n t r i e s  o f  t h e  EC, t h e  S t a t i s t i c a l  O f f i ce  o f  t he  
European C o r n u n i t i e s  (EUIIDSTAT) e s t a b l i s h e d  a  data-base s u i t e d  e s p e c i a l l y  
f o r  i n t e r - r e g i o n a l  a n a l y s i s  o f  energy p roduc t i on  and consumption. The new 
data-base reco rds  energy f l ows  i n  va lues and i n  q u a n t i t i e s ,  thereby a l l o w -  
i n g  t o  c a l c u l a t e  i n  an i n p u t - o u t p u t  a n a l y s i s  framework t he  d i r e c t  and i n -  
d i r e c t  energy requ i rements  o f  p roduc t i on  i n  va lue  u n i t s  and i n  phys i ca l  
u n i t s .  T h i s  paper dea l s  w i t h  t h e  phys i ca l  energy requ i rements  o f  f i n a l  de- 
mand and fo re ign  t rade ,  i n c l u d i n g  the  energy requ i rements  f o r  p roduc t i on  
o f  commodities by means o f  commodities, t h a t  i s  f o r  i n te rmed ia te  produc- 
t i o n .  The r e s u l t s  presented can be o f  i n t e r e s t  f o r  energy demand models. ') 

1. INPUT-OUTPUT TABLES OF ENERGY FLOWS IN THE EUROPEAN COMMUNITIES 

The i n p u t - o u t p u t  t a b l e s  o f  energy f l ows  do n o t  show energy f l o w s  o n l y .  They 
a r e  complete i n p u t - o u t p u t  t a b l e s  compr i s i ng  a l l  p r o d u c t i o n  and f i n a l  de- 
mand a c t i v i t i e s  i n  an opt imal  aggregat ion  f o r  ana l ys ing  enemy problems. 
A l l  t a b l e s  a r e  based on t h e  harmonized 'European System o f  I n t e q r a t e d  
Economic Accounts '  (ESA), and d i s t i n g u i s h  10 sec to rs  f o r  energy sources, 
25 f o r  nonenergy commodities and 10 sec to rs  f o r  se rv i ces  ( i n c l u d i n g  t rans -  
p o r t a t i o n  s e r v i c e s ) .  F i g u r e  1 w i l l  p r o v i d e  an idea o f  t h e  i n f o r m a t i o n  
con ten ts  of  t he  t a b l e s  and t h e  cor respond ing c o e f f i c i e n t  ma t r i ces .  

1 )  The r e s u l t s  presented i n  t h i s  paper a r e  p a r t  of  a  resea rch  p r o j e c t  
which was supported by t h e  German Science Foundat ion i n  t h e  program 
'Economics of Na tu ra l  Resources' .  A  comprehensive r e p o r t  on t h e  r e s u l t s  
of t h e  research p r o j e c t  ' Input -Output  Ana l ys i s  o f  Energy Flows 1975' 
w i l l  be pub l i shed  i n  Beute l /Murdter  (1983 ) .  T h i s  paper covers p a r t  of t h e  
m a t e r i a l  p r e v i o u s l y  pub l i shed  i n  Beute l /Murdter  (1981),  Beutel /Stahmer 
(1982) and Beute l  (1983) .  



F i g u r e  1: Input -Output  Table o f  Energy Flows 

P r o d u c t i o n  A c t l v i t l e s  F i n a l  Oenand A c t i v i t i e s  

ConsunOrion [nvesumnt  E x w r t s  
Product ion Product ion 5erY'Ces PrT- Go- Capi- Stocks 

vat. v a m -  t a l  

1 j ................ n 1 ............... k ................ s 

f o r  [ n u m d l a t e  Product ion f o r  F i n a l  Oavnd  

fo r  I n t e r n a l a t e  Product ion f o r  F l n a l  k m n d  l m o r t s  

Eneroy f l a  i n  1 ::::,:: ' 1 1 1 m y s i c a l  u n i t s  ( jou14)  ? roduc t l  on 

Sross daqes and 
. . and va lw u n i t s  (Dll) 

Yet ODerating 
Surplus P . flon-~iaroy 5 o r r  i n  value u n l t s  ( M )  

The main t o p i c s  of  research t o  be t a c k l e d  w i t h  these t a b l e s  may be sumna- 
r i z e d  i n  a  few p o i n t s :  

- Interdependence o f  energy sec to rs  

The i n p u t - o u t p u t  t a b l e s  o f  energy f lows supp l y  d e t a i l e d  i n f o r m a t i o n  about  
t he  dependencies and in terdependenc ies  between t h e  energy sec to rs ,  t h e  
o t h e r  p r o d u c t i o n  s e c t o r s  and f i n a l  demand. 

- Phys i ca l  energy requ i rements  o f  p roduc ing commodit ies 

Wi th  t h e  h e l p  o f  i n p u t - o u t p u t  a n a l y s i s  t he  d i r e c t  and i n d i r e c t  p h y s i c a l  
energy requirements o f  comnodi t i e s  can be determined. Th i s  i n c l u d e s  energy 
con ta ined  i n  impor ted and i nves ted  products .  



- Energy c o s t s  o f  comnodi t ies  

Wi th  t h e  use o f  i n p u t - o u t p u t  a n a l y s i s  t h e  t o t a l  ( d i r e c t  and i n d i r e c t )  
energy c o s t s  o f  goods and se rv i ces  can be determined.  Th i s  a l l ows  t o  es- 
t i m a t e  t h e  e f f e c t s  o f  sudden energy p r i c e  i nc reases  on comnodity p r i c e s .  

- Simu la t i on  o f  a l t e r n a t i v e  energy s t r a t e g i e s  and energy f o r e c a s t i n g  

The i n p u t - o u t p u t  t a b l e s  o f  energy f l ows  can be u t i l i z e d  f o r  energy simu- 
l a t i o n  and energy f o r e c a s t i n g .  I n  p a r t i c u l a r ,  p o s s i b l e  e f f e c t s  on t h e  
supp ly  and demand o f  energy sources can be measured which r e s u l t  f rom 
a  change of f i n a l  demand, techno1 ogy, and i n t e r n a t i o n a l  t r ade .  

A l l  r e s u l t s  i n  t h e  research p r o j e c t  have been d e r i v e d  under t h e  assumption 
t h a t  t he  impor t s  a r e  produced w i t h  t h e  n a t i o n a l  p r o d u c t i o n  f u n c t i o n s .  A  
spec ia l  r e g i o n a l  problem r e s u l t s  f rom t h e  f a c t  t h a t  i n  s m e  c o u n t r i e s  p a r -  
t i c u l a r  p r o d u c t i o n  a c t i v i t i e s  a r e  miss ing,  f o r  i ns tance  t h e  p roduc t i on  o f  
coa l  i n  I t a l y ,  t h e  Nether lands, and Denmark. A l l  miss iqg  p roduc t i on  a c t i v i -  
t i e s  were rep laced  by t h e  f rench  p roduc t i on  f u n c t i o n s .  

2 .  INPUT-OUTPUT-ANALYSIS OF ENERGY REQUIREMENTS 

The s t a r t i n g  p o i n t  f o r  t h e  f o l l o w i n g  computat ions o f  energy requ i rements  
f o r  comnod i t i es  i n  EC-Countries i s  a  well-known formula o f  i n p u t - o u t p u t  
a n a l y s i s :  

where ( I -A)-~ i s  t h e  m a t r i x  o f  cumu la t i ve  i n p u t  c o e f f i c i e n t s  ( L e o n t i e f  i n -  
ve rse ) ,  Y t h e  m a t r i x  o f  f i n a l  demand, w h i l e  B r ep resen ts  one t o p i c  o f  econo- 
mic  i n t e r e s t ,  e.g. t h e  consumption o f  energy, of l abou r  and c a p i t a l ,  o r  t h e  
j o i n t  p roduc t  p o l l u t i o n  per u n i t  o f  ou tpu t .  The m a t r i x  Z rep resen ts  t h e  re -  
s u l t s  f o r  t h e  energy requ i rements ,  t h e  l abou r  o r  c a p i t a l  requ i rements  o f  t h e  
r e s p e c t i v e  commodit ies,  and t h e  d i r e c t  and i n d i r e c t  e m i s s i o n  o f  p o l l u t a n t s  
r e s u l t i n g  f rom t h e  p roduc t i on  o f  comnodi t ies  i n  a  w o r l d  o f  l i n e a r  f unc t i ons .  

Double-count ing i s  t y p i c a l  f o r  i n p u t - o u t p u t  a n a l y s i s .  Therefore,  t h e  cunu l -  
a t i v e  ( i n v e r s e )  i n p u t  c o e f f i c i e n t s  a re  economic m u l t i p l  i e r s  wh ich  rep resen t  
t h e  cumu la t i ve  sa les  o r  a c t i v i t y  l e v e l s  o f  t h e  d i f f e r e n t  s e c t o r s  f o r  a  g i ven  
u n i t  v e c t o r  of f i n a l  demand. These sa les  have n o t h i n g  t o  do w i t h  t he  va lue 
o f  a  comnodity.  To determine the  energy c o s t s  o f  a  commodity i t  i s  necess- 
a r y  t o  e l i m i n a t e  doub le-count ing  o f  r e l a t e d  p r imary  and secondary energy 
sources. 



I f  one wishes t o  determine t h e  p h y s i c a l  energy c o n t e n t  o f  canmodi t i e s  t h e  
problem o f  doub le-count ing  a r i s e s  aga in .  It i s  obv ious t h a t  t h e  p h y s i c a l  
energy c o n t e n t  of commodities c a n ' t  exceed t h e  sum o f  a l l  p r imary  energ ies  
( c o a l ,  c rude o i l ,  n a t u r a l  gas, nuc lea r  f u e l s )  which have been used up on 
a l l  l e v e l s  o f  p roduc t i on .  Therefore,  t o  a v o i d  doub le-count ing ,  a l l  second- 
a r y  energy sources ( b r i q u e t t e ,  coke, e l e c t r i c i t y ,  produced gas, pet ro leum 
p roduc ts )  must be passed ove r  i n  t h e  c a l c u l a t i o n .  Many e m p i r i a l  r esea rch  -, \ 
a r t i c l e s L 1  have been pub1 ished,  conce rn ing  t h e  c o s t s  o f  commodities, how- 
ever ,  t h e  problem o f  doub lecount ing  has been w i d e l y  neg lec ted .  

W i th  t h e  f o l l o w i n g  approach we a r e  a b l e  t o  d i s t i n g u i s h  f o u r  s tandard  
measures o f  energy r e q u i r e d  t o  produce goods and s e r v i c e s .  The f i r s t  two 
c o n t a i n  doub le-count ing  o f  p r imary  and secondary energy sources, t h e  second 
two a r e  f r e e  o f  i t: 

- t o t a l  energy requ i rements  i n  j o u l e ,  (ETJ).  

- t o t a l  energy requ i rements  i n  DM, (EDM), 

- pr imary  energy requ i rements  i n  j o u l e ,  ( E ' ~ ) ,  and 

- energy c o s t s  i n  DM, (Ec0) . 

3 .  PHYSICAL ENERGY REQUIREMENTS OF PRODUCTION 

To f a c i  1 i t a t e  unders tand ing o f  t h e  s e t s  o f  c o e f f i c i e n t s  i n v o l v e d  i n  
c a l c u l a t i n g  t h e  t o t a l  energy requ i rements  o f  p roduc t i on ,  wesubd i v ide  
t h e  m a t r i x  A of  t e c h n i c a l  i n p u t  c o e f f i c i e n t s  i n t o  energy p roduc t i on  
a c t i v i t i e s  and non - energy p r o d u c t i o n  a c t i v i t i e s .  The t o t a l  p h y s i c a l  
energy requ i rements  of  commodit ies can then be determined by t h e  
f o l l o w i n g  formula:  

2 )  See f o r  example Koch (1972).  Reardon (1973),  Bonhoeffer/Britschkat/Stiller 
(1974).  Herendeen (1974),  Wr ight  (1975).  B r i t s c h k a t  (1975).  Bonhoef fer /  
B r i t s c h k a t  (1979).  H i l l e b r a n d  (1980).  Stahmer (1981).  H i1  l eb rand  (1981).  
Lager /Teufe l  sbauer (1981).  Lager (1982),  Har thoorn  (1982) .  F lasche l  (1982).  
Beute l /Murdter  (1981).  and Beutel /Stahmer (1982) .  The problem o f  double- 
coun t i ng  p r imary  and secondary energy sources has been d iscussed i n  
B r i t s c h k a t  (1977).  Stahmer (1981),  and Beutel /Stahmer (1982).  



where 

E~~ = t o t a l  phys i ca l  energy requ i rements  o f  commodities ( j o u l e )  

D = m a t r i x  o f  phys i ca l  i n p u t  c o e f f i c i e n t s  f o r  t h e  use o f  energy 
pe r  u n i t  o f  o u t p u t  ( jou le /DM) 

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  f o r  commodities ( d a n e s t i c  and impor ted)  
p e r  u n i t  o f  o u t p u t  (DM/DM) 

- 
Y = diagona l  m a t r i x  o f  f i n a l  demand (DM) 

T = diagona l  m a t r i x  o f  f i n a l  demand f o r  energy sources (DM) 

The f l o w  c h a r t  i n  f i g u r e  2 f o r  a s imple  economy w i t h  t h r e e  commodities 
shows how t h e  d i r e c t  and i n d i r e c t  energy i n p u t s  sum up t o  t h e  t o t a l  energy 
requ i rements .  For  t h a t  purpose we can break up t h e  i n v e r s e  m a t r i x  i n t o :  

2 + i (I-A)-' = I + A + A  + ... = - A  
i =O 

( 3 )  

F i g u r e  2: Phys i ca l  Energy Requirements o f  Commodities 

I 2 3  
Sector 1:Coal Sector 2: Electricity Sector 3:Agriculture 



The expansion o f  t h e  L e o n t i e f  - i n v e r s e  i n  ( 3 )  revea l s  a l s o  t h e  reason why 
we have t o  add t h e  m a t r i x  7 i n  c a l c u l a t i n g  t he  t o t a l  p h y s i c a l  energy 
requirements.  Premul t i p l y i n g  by  A  leads t o  e l i m i n a t i n g  a1 1  commodities 
l e a v i n g  i n t e r m e d i a t e  p roduc t i on .  

I n  our e m p i r i c a l  a p p l i c a t i o n  we adopt  a  s l i g h t l y  d i f f e r e n t  approach, u s i n g  
a  mixed i n p u t - o u t p u t  system i n  terms o f  p h y s i c a l  and va lue  u n i t s .  The ob- 
j e c t i v e  i s  t o  ana lyse an i n p u t - o u t p u t  t a b l e  i n  which a l l  energy f l ows  w i l l  
be g i v e n  i n  phys i ca l  u n i t s  and a l l  non-energy f lows w i l l  be g i v e n  i n  va lue  
u n i t s  (as  i s  t h e  case i n  t h e  i n p u t - o u t p u t  t a b l e s  of  energy f l o w s ) .  

where 

ETJ = t o t a l  p h y s i c a l  energy requ i rements  o f  c o m o d i t i e s  ( j o u l e )  

F1 
= m a t r i x  o f  phys i ca l  i n p u t  c o e f f i c i e n t s  f o r  t h e  use of  energy pe r  p h y s i -  

c a l  u n i t  o f  o u t p u t  ( j o u l e / j o u l e )  

D2 = m a t r i x  o f  phys i ca l  i n p u t  c o e f f i c i e n t s  f o r  t h e  use o f  energy per  va lue  
u n i t  o f  o u t p u t  ( j o u l e / m )  

G3 = 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  f o r  non energy commodities per  u n i t  o f  
p h y s i c a l  o u t p u t  (DM/ jou le)  

A4 = 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  f o r  non energy commodit ies per  va lue  
u n i t  of  ou tpu t  (DM/DM) 

JE 
= v e c t o r  o f  f i n a l  demnd  f o r  energy c o m o d i t i e s  ( j o u l e )  

"NE 
= v e c t o r  of  f i n a l  demand f o r  non-energy c o m o d i t i e s  (Dr.!) 



The i n p u t  c o e f f i c i e n t s  o f  t h i s  i n p u t - o u t p u t  system have d i f f e r e n t  dimensions. 
For  t h e  energy p r o d u c t i o n  we d e f i n e  one s e t  o f  p u r l e y  t e c h n i c a l  i n p u t  c o e f f i -  
c i e n t s  ( Jou le / Jou le )  and a second s e t  f o r  t h e  non-energy c o s t  components 
(DM/Joule). The i n p u t  c o e f f i c i e n t s  f o r  t h e  non-energy p r o d u c t i o n  have two 
d i f f e r e n t  dimensions f o r  t h e  energy (Joule/DM) and non-energy i n p u t s  (DM/DM). 
The approach i n  equa t i on  ( 2 )  leads t o  t h e  same s o l u t i o n  as t h e  approach 
presented i n  equa t i on  ( 4 )  i f  an energy source i s  s o l d  t o  a l l  sec to rs  a t  t h e  
same p r i c e .  I n  r e a l i t y ,  energy p r i c e s  have a w ide v a r i e t y  o f  p r i c e s  and 
t a r i f f s  f o r  d i f f e r e n t  sec to rs .  There fore ,  we dec ided t o  use equa t i on  ( 4 )  t o  
determine t h e  phys i ca l  energy con ten t  of commodit ies.  T h i s  approach cap tu res  
a t  l e a s t  t h e  e f f e c t s  o f  d i f f e r e n t  p r i c e s  f o r  d i f f e r e n t  use rs  i n  t h e  energy 
produc ing sec to rs .  

Next, t o  a v o i d  doub le-count ing  o f  p r imary  and secondary energy sources, 

and t o  a r r i v e  a t  EPJ, t h e  p r imary  energy requ i rements  o f  product ion,  t h e  

m a t r i x  H i n  equa t i on  ( 4 )  has t o  be rep laced  w i t h  a m a t r i x  H'. Th is  m a t r i x  
o n l y  c o n t a i n s  i n p u t  c o e f f i c i e n t s  f o r  p r imary  energy sources. A l l  o t h e r  rows 

P 
i n  t h e  m a t r i x  H c o n t a i n  zeroes. Remembering equa t i on  ( I ) ,  t he  i n t e r p r e t a t i o n  
o f  t he  r e s u l t  i s  s t r a i g h t f o r w a r d .  

The i n p u t - o u t p u t  tab1 es o f  energy f l ows  i n c l u d e  m a t r i c e s  f o r  domest ic and 
f o r e i g n  i n t e r m e d i a t e  i n p u t s  and f o r  domest ic and f o r e i g n  goods and s e r v i c e s  
f o r  f i n a l  demand (see f i g .  1). Therefore ,  i t  i s  p o s s i b l e  t o  make t h e  fo l l ow-  
i n g  d i s t i n c t i o n s  between domest ic and impor ted commodities: 

M a t r i x  of I n p u t  C o e f f i c i e n t s  f o r  Commodities 

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  f o r  Energy Sources 

Vector  o f  F i n a l  Demand f o r  Commodities 

Vec to r  o f  F i n a l  Demand f o r  Energy Sources 

where 

d = domest ic 

m = impor ted.  



L e t  us aga in  assume t h a t  a l l  impor ts  w i l l  be produced w i t h  t h e  n a t i o n a l  
p r o d u c t i o n  f u n c t i o n .  Under t h i s  c o n d i t i o n  t h e  genera l  f o rmu la  f o r  t h e  
t o t a l  phys i ca l  energy requirements ( 4 )  can be s p l i t  i n t o  t h e  f o l l o w i n g  
p a r t s  f o r  domest ic and f o r e i g n  energy sources: 

E~~ = H(I-K)-~ Y + T T o t a l  p h y s i c a l  energy requ i rements  ( 5 )  

= Hd( I -Kd ) - l  Yd Domestic energy f o r  domest ic p r o d u c t i o n  

+ Td 
Domestic energy f o r  f i n a l  demand 

+ ~ ( 1 - K ) - l  Km(1-Kd)-lYd F o r e i g n  energy f o r  f o r e i g n  p roduc t i on  o f  
i n t e r m e d i a t e  impor t s  

Fo re ign  energy impor ted f o r  domest ic pro-  
d u c t i o n  

+ H(I-K)-~ Y, F o r e i g n  energy f o r  impor ted commodities 
o f  f i n a l  demand 

F o r e i g n  energy d i r e c t l y  impor ted f o r  
f i n a l  demand 

The f i r s t  two canponents rep resen t  a l l  domest ic energy sources. The second 
two components i n c l u d e  t h e  f o r e i g n  energy sources which were necessary t o  
produce t h e  impor ted i n t e r m e d i a t e  i npu ts .  The l a s t  two components c o n t a i n  
t h e  f o r e i g n  energy sources o f  t h e  d i r e c t l y  impor ted canmodi t ies  o f  f i n a l  
demand. 

4. EMPIRICAL RESULTS 

Wi th  t h i s  t h e o r e t i c a l  background i t  i s  p o s s i b l e  t o  ana lyze a m u l t i t u d e  
o f  ques t i ons  concern ing t h e  energy requ i rements  o f  p roduc ing c e r t a i n  
commodities o r ,  on a s t i l l  h i g h e r  l e v e l  o f  aggregat ion ,  t h e  energy 
requ i rements  of  c e r t a i n  ca tego r i es  o f  f i n a l  demand. 

Two t o p i c s  o f  spec ia l  i n t e r e s t  i n  an i n t e r n a t i o n a l  c o n t e x t  a r e  comparisons 
o f  t h e  energy requ i rements  o f  f i n a l  demand and t h e  energy requ i rements  o f  
impor ts  and expo r t s .  



Table 1: Energy Requirements o f  F ina l  Demand i n  the European Coninunities 1975 

Germany 

France 

I t a l y  

Un. Kingdom 

Belg i  um 

Ne t h e r l  ands 

Denmark 

I Primary and secondary energy 
sources i n  te ra jou le  I 

domestic 
production 

(1) 

11.448.971 
7.192.687 

5.532.605 

10.001.761 

1.852.017 

5.664.204 

488.827 

Di r e c t  and i n d i  r e c t  primary energy 
requirements i n  te ra jou le  I 

imports 

(2) 
7.073.130 

5.890.156 

5.287.867 

5.493.308 

2.286.887 

2.872.835 

902.653 

domes ti c 

(5) 

4.693.404 

1.155.536 

563.965 

4.529.402 

223.110 

3.030.560 

6.974 

suoply 

(3) 
18.522.101 

13.082.843 

10.820.472 

15.495.070 

4.138.904 

8.537.039 

1.391.479 

fo re ign  

(6 ) 

10.516.044 

7.779.590 

6.603.008 

10.910.218 

3.544.892 

5.378.935 

I 1-277.154 

t o t a l  

(7) 

15.209.448 

8.935.125 

7.168.823 

15.437.838 

3.781.457 

8.414.715 

1.288.904 

Source: Input-Output Tables o f  Energy Flows. Calculat ions by I f o - I n s t i t u t e  f o r  Economic Research. 



a. Energy requ i rements  o f  f i n a l  deniand 

The amount o f  energy used o u t  o f  domest ic  p roduc t ion  and o u t  
o f  impor ts  can be ob ta ined  from t h e  inpu t -ou tpu t  t a b l e s  o f  
energy f lows (columns ( 1  ) t o  ( 3 )  o f  t a b l e  1 ) . The r e l a t i v e  
s h a r e  o f  domest ic  energy sources  cou ld  be cons ide red  a s  an 
i n d i c a t o r  o f  t h e  degree  o f  domest ic  supp ly  w i t h  energy sources .  
But t h i s  measure,b iased n o t  on ly  by double-count ing o f  pr imary 
and secondary energy s o u r c e s ,  shows on ly  t h e  " t o p  o f  an  i c e b e r g " .  
A u s e f u l  measure o f  dependence on domest ic  o r  f o r e i g n  energy 
s o u r c e s  h a s  t o  avo id  doub le-count ing and has  t o  t a k e  i n t o  
c o n s i d e r a t i o n  t h e  i n d i r e c t  energy req i rements  o f  produc ing 
energy and commodit ies f o r  f i n a l  demand a t  home and abroad.  

Using formula ( 4 )  and t h e  decomposi t ion i n  ( 5 )  l e a d s  t o  t h e  r e s u l t s  
i n  columns ( 5 )  t o  ( 7 )  i n  t a b l e  1 ,  showing t h e  d i r e c t  and i n d i r e c t  
pr imary energy requ i rements  o f  f i n a l  demand i n  t h e  seven c o u n t r i e s  
i n  1975. 

The r e s u l t s  i n  t a b l e  1 ,  whichwere i n  p a r t  d e r i v e d  assuming t h e  
r e s p e c t i v e  n a t i o n a l  p roduc t ion  f u n c t i o n s  f o r  imported enerqv s o u r c e s ,  
a r e  t e a c h i n g  u s  two l e s s o n s .  The e x t e n t  o f  doub le-count ing can 
be c o n s i d e r a b l e  (columns ( 3 )  and ( 7 )  and t h e  r e l i a n c e  on f o r e i g n  
pr imary energy sources  is  i n c r e a s i n g  enormously (columns ( 4 )  and 
(8)) t a k i n g  i n t o  account  t h e  i n d i r e c t  energy requ i rements .  

Anong t h e  impor tan t  i n d u s t r i a l i z e d  c o u n t r i e s  o f  t h e  EC, e s p e c i a l l y  
France and I t a l y  have t o  cope w i th  a h igh  degree  o f  f o r e i g n  supp ly  
w i th  pr imary energy sources .  A t  l e a s t  i n  t h e  c a s e  o f  France t h i s  
r e s u l t  may e x p l a i n  t h e  f o r c e d  enlargement o f  n u c l e a r  power c a p a c i t y .  

Going one s t e p  f u r t h e r  i n  t h e  a n a l y s i s ,  it is  p o s s i b l e  t o  c a l c u l a t e  
t h e  dependence on f o r e i g n  energy s o u r c e s  f o r  each energy source  
recorded i n  t h e  input -output  t a b l e  o f  energy f lows s e p a r a t e l y .  
Tab le  2 shows t h e  dependence o f  t h e  45 economic s e c t o r s  d i s t i n g u i s h e d  
i n  t h e  inpu t -ou tpu t  t a b l e s  o f  energy f lows on crude o i l  impor ts .  

A s  is  t h e  c a s e  w i th  pr imary energy requ i rements  f o r  f i n a l  demand, 
t h e  dependence on crude o i l  impor ts  is by f a r  underest imated i f  
on ly  t h e  d i r e c t  l e v e l  is  t aken  i n t o  account .  The o v e r - a l l  s h a r e s  
o f  imported crude o i l  and pet ro leum p roduc ts  o f  t o t a l  supp ly  o f  
Pr imary and secondary  energy s o u r c e s  i n  t h e  European communit ies 
a r e  ( n a t u r a l l y  b i a s e d  by double-count ing) a s  fo l l ows :  

Germany 
France 
I t a l y  
Uni ted Kingdom 
Belgium 
Nether lands 
Derrmark 



Table 2: Dependence o f  Economic Sectors on Crude-Oil Imports i n  the 
European Communities 1975 

Source: Input-Output Tables o f  Energy Flows.Calculat ions by 
I f o - I n s t i  t u t e  f o r  Economic Research. 

............. 01 Coal 
.......... 02 L i g n i t e  

........... 03 Coke.. 
........ 0 4 C r u d e o i l  

05 Petro leumproduct  
.... 06 Natura l  gas.. 

...... 07 E l e c t r i c i t y  
08 Produced gas.. ... 
09 Steam. h o t  water.  
10 Nuclear fue ls . .  .. 

............ 11Wate r  
12 A g r i c u l t u r e  ...... 

. 13 I r o n  and s t e e l . .  
14 Non-EGKS products 
15Non- fe r rousmeta l  

...... 16 Aluminium.. 
17 Cement ........... 
18 Glass ............ 
19 Ceramics ......... 
20 Other minerals. .  . 
21 Chemical products 
22 Metal products.. . 
23 Machinery.. ...... 
24 E l e c t r i c a l  prod.. 
25 Motor vehic les.  .. 

.. 26 Other vehic les.  
27Food ............. 
28 Tex t i l es . .  ....... 

......... 29 Leather.  
30 Wood.. ........... 

........ 31  PaIJer.... 
32 P r i n t i n g  ......... 
33 Synthet ics  ....... 
34 Other products. .. 
3 5 B u i l d i n g s  ........ 
36 Repairs. recovery 
37 Trade, res tau ran t  

...... 38 Rai lroad.. .  
39 Road t ranspor t .  .. ........ 40 P ipe l ines  

41  I n l a n d  nav iga t ion  
42 Mari t ime transp.. 

......... 4 3 A v i a t i o n  
44 P r i v a t e  serv ices.  
45 Pub l i c  services..  
46 To ta l  ....... 
: 

Dependence on Crude-Oil Imports i n  per cent o'f d i r -  
e c t  and i n d i  r e c t  pr imary energy requi  r e m n t s  

BRD FRA ITA GBR 8EL NED DEN 

( 1 )  ( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  ( 7 )  

1,18 2.25 2,25 1.34 2.31 0.60 2.78 
0,57 2,86 2.86 - 0.64 - - 
4,84 3,54 3.52 3.76 3.54 2.14 10.82 

46.80 99,84 99,84 182.08 99.68 96,62 99.49 
93.99 99,65 98.57 90.04 99.12 92.47 99.21 

1.50 0.83 0.81 0.97 1.94 0.05 - 
10.95 82,24 81.67 26.36 39.40 5.57 63,14 
45,74 18,48 17,93 32.62 - - 56.46 
36,22 - - - - - 98,13 
0,53 - - - - - - 

17,62 80.11 79,44 38.32 43,12 17,39 - 
63.52 86.32 85,66 64.52 69.90 27.80 87,20 
15.93 30.65 30,44 32.69 15,15 15,lO 70,62 
18.72 37.36 37.11 - 19.39 - - 
33.40 67,86 67.52 38.51 35,76 11.90 69.89 
15-82 75.81 75.24 35.63 - - - 
47.23 76.24 75.41 19.26 24.20 11.29 35,44 
46.31 60,25 59,77 55.37 42,20 26.82 87.69 
45.45 61,71 61.05 56.11 41.66 7.33 84,56 
44.68 72.14 71.48 52,23 35.80 18.49 57.84 

42,26 75J1 75,28 57.02 51.29 41,13 85,27 
24.54 44,82 44,53 40,23 27,43 17,519 74,43 
34,98 55.00 54.62 44.17 33.67 19,14 76,72 
39.43 62.62 62.29 48.37 39,33 23.24 76.97 
33,07 57,49 57.16 43.14 37.53 21.87 - 
29,97 52.70 52.37 44.52 30.68 20.57 75.42 
58.61 77.62 77.09 59,09 65.24 25.89 85,48 
49,23 77.92 77,34 55.06 59.90 31.93 83.24 
54,39 78,83 78,47 56,21 65,92 35,87 82.16 
50,99 79.42 78,82 57.75 59.4C 31.53 80.29 

44.24 75105 74,72 48.75 53,15 19.78 54.37 
46.54 75.48 74,86 52.26 56.25 21.01 64,lO 
43,12 77.22 76.76 51,56 53.21 34.65 81.21 
45.02 67,38 67.23 54.03 49,34 22,62 76.31 
47.91 67.48 66,87 52.02 41,99 37.70 72.36 
41,22 60,02 59.64 - 59.04 21.47 79,35 
58,61 84.29 83.56 58.28 70.22 36.25 81.93 
38.69 85.60 84.79 59.15 58.21 17.13 91,22 
72.49 93.39 92,56 83.11 93.90 79.29 95.72 - - - - - - - 
90.35 99,07 98,05 - 93,74 88.09 - 
92.61 97,78 97.33 89.36 96.50 89.03 86.50 
89.49 96,41 95,79 86.44 91.46 77.42 97.56 
54,04 83,92 83.17 47,80 61.99 27.06 78.69 
47.10 79.88 79,13 54.29 56.28 28,55 81.06 
45.14 75.94 75,29 53.72 57.62 38,99 82,97 



b. Energy Requirements of Fo re ign  Trade 

The answer t o  t h e  ques t i on  i f  f o r e i g n  t r a d e  a l t e r s  t o t a l  supp ly  o f  energy 
sources f o r  a g i ven  c o u n t r y  can be g i ven  on two l e v e l s .  On t h e  d i r e c t  l e v e l  
one has t o  ba lance e x p o r t s  and impor t s  o f  p r i m a r y  and secondary energy 
sources t o  o b t a i n  t h e  n e t  p o s i t i o n .  To t a k e  i n t o  account  t he  i n d i r e c t  energy 
requ i rements  o f  t h e  t r aded  energy sources and of t h e  comnodi t ies ,  t h e  procedure  
t o  f o l l o w  i s  t h e  same as f o r  f i n a l  demand. Once aga in  t h e  assumption has t o  be 
made, t h a t  a l l  impor ted comnodi t ies  a r e  produced w i t h  t h e  n a t i o n a l  p r o d u c t i o n  
f u n c t i o n s .  

Table 3: Energy Requirements o f  Fo re ign  Trade 

Source: Input-Output Tables o f  Energy F lows.Calcu la t ions by 
I f o - I n s t i t u t e  f o r  Economic Research. 

The r e s u l t s  i n  t a b l e  2 revea l  a l l  c o u n t r i e s ,  w i t h  t h e  excep t i on  o f  t h e  
Nether lands, t o  be ne t - impor te rs  o f  energy. Taking i n t o  account t h e  i n d i r e c t  
energy requ i rements  does no t  change the  n e t  p o s i t i o n s  t o  a g r e a t  ex ten t .  
Th i s  r e s u l t  i s  m o s t l y  due t o  t h e  n a t i o n a l  techno logy assumption. I n e f f i c i e n t  
o r  e f f i c i e n t  use of energy r e f l e c t s  on bo th  s i des  o f  t h e  f o r e i g n  t r a d e  account.  

Germany 

France 

I t a l y  

Un.Kingdom 

8 e l  g i  urn 
Netherlands 

1) Primary and secondary energy sources. 

D i r e c t  and l nd i  r e c t  P r i na ry  Enercy 
Requirements of Fore ign Trade i n  

Tera jou le  

Expor ts  

Fore ign Trade 
i n  Tera jou le  

4.815.621 

2.811.698 

2.369.080 

5.106.106 

2.162.195 

5.720.329 

Balance 

-5.923.659 

-5.212.843 

-4.461.203 

-4.542.311 

-1.592.739 

t521.578 

Exports 

1.149.471 

677.313 

826 664 

950.997 

694.148 

3.394.413 

10.516.044 

7.779.593 

6.605.680 

10.913.886 

3.556.594 

5.379.874 

Imports 

----- 
7.073.130 

5.890.156 

5.287.867 

5.493.308 

2.286.887 

2.872.835 

-5.700.423 

-4.967.895 

-4.236.600 

-5.807.780 

-1.394.299 

t340.455 
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AN INPUT-OUTPUT MODEL OF EAEBGY CONVERSION 

The present paper is a report on the first stage of a project carried out in the 
Austrian Institute of Economic Research, the aim of which is to build an 
energy-input-output model for Austria. The project consists of tro partly 
complementary studies. The first one intends to fully utilize the energy balance 
sheets available for Austria since 1955. The framework of this model was 
developed by Lager (1 982). The energy conversion model is to be linked first to 
a matrix of specific energy input of individual industries, and then to a 
dynamic input-output model (litter-Skolka, 1980; Skolka, 1981 , Hahn-Schmorane, 
1983). The linkage of these first models has certain advantages: almost all 
necessary data are available, the development over time of the coefficients 
computed within the model can be analyzed, and the results can be used for 
forecasting. The link to the input-output model is technically simple. 
Furthermore. the existing useful-energy balance will be incorporated into the 
model. Forecasts of future changes in the coefficients will be based on the 
results of part one of the project. For cost and price analyses, however, this 
procedure is insufficient. Another energy-input-output model xi11 therefore be 
put forth in part tro, in which the existing input-output table is further 
disaggregated according to the requirements of an analysis of energy flows. This 
work will employ an energy model which was developed primarily in the 
IFO-Institute in Munich (~eutel-~lirdter, 1981 ), and which has been applied by 
the Statistical Office of the European Community uniformly for several countries 
(chant raine , Pecci-Boriani, Persanaire, 1982 ) . This model requires additional 
data. It is only applicable, however, to years for which an input-output table 
exists (1976 for Austria at the present time). 

This article deals with the first section of part one of the project, i.e., the 
investigation of energy conversion in Austria. It will first discuss the energy 
conversion model for the year 1976, and then examine the development betreen 
1955 and 1980 of certain important coefficients yielded by the model. 

1.1 Data and Classifications 

Each year the Austrian Statistical Central Office (OS~Z) and the Austrian 
Institute of Economic Research (WIFO) publish energy balance sheets. Both 
balance sheets contain data on the supply (imports and domestic production) and 
demand by energy type in physical units. Both balance sheets divide the use of 
energy essentially into the following categories: transformation input in the 
conversion sector, final demand for energy, changes in stocks, transmission 
losses, and exports. In the WIFO-balance sheet the conversion sectors are 
delimited primarily along functional lines (i.e., a distinction is made not 
between.,producing and consuming units, but rather between production processes), 
in the OStZ-balance sheets primarily along institutional lines. 

In this paper, "final consumption" is defined as the sum of energy consumption 
(heating, lighting, machines and vehicles) and non-energy consumption of 
end-users (input of energy sources as raw materials in the chemical industrg, as 



building materials in road construction, and as lubricant for motors), plus the 
energy generating plants' o m  use of energy (e.g., consumption of electric power 
by electric power plants for pump stations, energy consumption for the 
extraction of crude oil). 

Final consumption has to be distinguished from the transformation input of 
energy in conversion processes (e.g., in refineries and power plants) in which 
one form of energy is converted into a different form of energy (e.g.. the input 
of crude oil in the refinery in the production of gasoline and diesel oil). 

The concept "final consumption" is clearly different from the concept "final 
demand" as used in input-output analysis. Final demand denotes the demand for 
all goods and services (including energy) by private households (private 
consumption) and government (public demand), changes in inventories, investment, 
and exports. 

A further distinction is made between "primary" and "secondary" energy. Primary 
energy is not converted (transformed); secondary energy is generated as a result 
of an energy converaion process. (~lectricity from hydroelectric plants is 
secondary energy generated through the converaion of the primary energy "water 
powerll. ) 

The data of the energy balances are arranged in a system which is presented in 
Table 1. This table consists of two matrices, as do the input-output tables of 
the revised system of the national accounts (United Nations, 1968). The 
make-matrix shows to what extent each type of secondary energy is produced in 
each energy conversion process; the absorption matrix shows to what extent each 
type of primary and aecondary energy is an input into these conversion 
processes. A matrix of final demand is linked to the absorption matrix. The 
classifications used can be seen in Tables 2 and 3. 

The basic table was compiled in the following way: First, the balance was 
computed in physical units (kWh, ton, etc.). This balance was then converted 
into energy units (joule) by means of converaion factors (which changed somewhat 
between 1955 and 1980). This balance provided the basis for the computation of 
conversion losses, which are exhibited separately in the table. Because of lack 
of space, the details of the basic table are not presented, but its schematic 
arrangement is given in Table 1. The basic table provides the foundations for 
the following computations which are defined in mathematical terms in the 
appendix. 

1.2 coefficienta of energy converaion 

In the basic matrix, inputs into the energy converaion processes are related to 
their outputs. Three typea of coefficienta are used to deacribe these 
relationships: the technical coefficienta of energy conversion, the market 
shares of the conversion processes, and the efficiency coefficients. 

The technical coefficients of energy conversion are presented in Table 2; they 
were computed from the absorption matrix (matrices U/pt/ and U/st/ in Table 1; 
see matrices and equation (2) in the appendix). The columns of Table 2 
correspond to energy conversion processes, the rows to primary and secondary 
energy typea. The technical coefficients in the columns deacribe the structure 
of the input of various typea of energy carriers in the energy conversion 
processes. Their sum is, by definition, equal to one. 

The make matrix (see Table 1 )  was used to derive the "market shares" of the 
conversion processes in the domestic supply of energy. The matrix of market 
shares is not listed here. Because the energy balance is very disaggregated, 
almost every type of aecondary energy is generated in only one conversion 
process, moat shares are equal to 1. The only exception is electricity, which is 
generated in three converaion processes. 





TABLE 2 Technical coefficients of energy conversion in Austria, 1976.- 
tiydrc- Weml Fewer PI. District Gas Gas Blast W e  Aeflneries 
el=tr. Utili- Ikating ener. ~orks Furn.  ens 
''ants ties V f  plants - 

Hard Coal 
LI Lignite 

waste Products 
W Wood 
x Peat 
" Crude Oil 
2 Natural Gas 

Hydropower 
a Residues 

Coke 
Motor Spirit 
Gas Oil 
Heating Oil 

0,0013 
0,3315 

Petroleum 
Liquified Gas 

c Other Petroleum Products 
Refinery Gas 
Town Gas 
Blast-Furnace Gas 
Coke-oven Gas 
Works Gas 

ol District Heat 
Electricity 

TABLE 3 Direct input coefficients of secondary energy in Austria, 1 9 7 6 .  

S e c o n d a r y  E n e r g y  
Cdre Petroleun Tow, Blast-fun. Cdr-en Works District Electricity 

Products Gas Gas 
-- - -  Gas Gas Heat 

- - 
X Hard Coal 1.0450 1,0450 0,0275 0,0028 

Lignite 1,1734 0,2776 0,2831 
Waste Products 0,1464 0,0088 

w Wood 
x Peat 
2 Crude Oil 0,9930 
E Natural Gas 0,0050 0,8659 0,0050 0,1960 0,4037 

Hydropower 0,7294 
a Residues 0,0159 

Coke 1,0000 
Motor Spirit 0,0195 
Gas Oii 0,0022 
Heating Oil 0,7201 0,3754 
Petroleum 

B Liquified Gas 0,1341 0,0008 
Other Petroleum Products 

5. Refinery Gas 0,0257 
LI Town Gas 0,094 1 

Blast-furnace Gas 0,0283 0,0962 0,0283 0,0238 
E Coke-oven Gas 0,0045 0,0031 
0 Works Gas 

District Heat 
Electricity 

Total -- 1,0783 1,0089 1,1136 1.0962 1,0828 1,1734 1.3684 1,9194 

TABLE 4 Multiplicators of energy conversion in Austria, 1 9 7 6 .  

P r l r n a r y  e n e r g y  S e c o n d a r y  E n e r g y  

l l ud  u g -  mate lbod R ~ L  c e  wtural l y d r r r  mlhes CO*e €eLml- 1Dn B h t -  Me- mrk8 O l s t r .  E l n t r  
Ual n l t e  Prcd. 011 ~ a e  p e r  P m d l c t S  Tap f- - Cas I h t  

Ca8 Cd8 



By comparing inputs and outputs of the various energy conversion proceeees, 
efficiency coefficients can be computed (equations (4) and (5) in the appendix). 

The efficiency coefficient of hydroelectric power plants is assumed to be equal 
to 80 percent. No conversion losses were recorded in blast furnaces, briquettes 
and dry coal were not produced in 1976. 

1.3 Interactions between energy sources 

The computation of simple coefficients outlined above has been possible up to 
now on the basis of the energy balance, and would not justify the construction 
of an energy-conversion input-output model. The model, however, has the 
advantage that by certain mathematical operatione (under certain assumptions) 
the conversion processes can be eliminated, and the interaction between inputs 
and outputs can be represented directly. These operations are explained in the 
appendix (equations (6) to (9)). The cumulative input coefficients, the 
so-called multiplicators, are derived first; the direct input coefficients which 
describe the interaction between energy sources are derived by re-inversion. The 
text, however, firat discusses the direct input coefficients, and then the 
cumulative input coefficients. 

The direct input coefficients indicate how many thermal unite of one type of 
energy are needed to produce one thermal unit of the same or of another type of 
energy. The energy consumption of the energy supply systems is not taken into 
account, because it is not considered final consumption. The conversion and 
transmission losses are allocated proportionately. The complete table of direct 
input coefficients can be broken dom vertically as well as horieontally into 
primary and aecondary energy types, giving rise to 4 quadrants (see also 
equation (9) in the appendix). The first quadrant shows the interrelations 
between the inputs and outputs of primary energy (see equation (9c) in the 
appendix). The second quadrant ahows the interrelations between the inputs of 
secondary energy and the outputs of primary energy. Because energy consumption 
by the energy utilities is allocated to final consumption, both quadrants remain 
empty, aside from the transmission losses of natural gas (input of natural gas 
in the production of natural gas) exhibited in the first quadrant. 

The third and fourth quadrants of the matrix, containing the input coefficients 
of secondary energy for Austria in 1976, are found in Table 3. The third 
quadrant ahows the direct input coefficients of the input of primary energy in 
the production of secondary energy (see also equation (9a) in the appendix). 
The fourth quadrant of the direct input coefficients matrix indicates the 
interaction between aecondary energy sources (equation (9b) in the appendix). 

All these values refer to the inputs of domestically produced and imported 
energy. The balances do not distinguish between the input of domestically 
produced and imported energy. Even in a conventional input-output table, it is 
difficult to make the distinction between domestically produced and imported 
flows of goods, but in most cases it can be done, because of the inhomogeneity 
of the production of the economic sectors. Energy sources, however, are very 
homogeneous, and it is often impossible to differentiate between domestically 
produced and imported energy (e.g., heating oil, electricity). For these 
reasons, no distinction is made between domestically produced and imported 
energy. But, if the matrix of direct input coefficients is used to compute 
cumulative input coefficienta, thie unavoidable wealmess of statistical 
compilation of data turns into a conceptual problem. The cumulative coefficients 
in the inverse matrix show the interrelation of the energy sources under the 
assumption that imported energy is produced abroad with domestic technology. 
This assumption causes no problem with regard to primary energy - primary energy 
(in the conversion model) does not require energy inputs. This assumption, 
however, creates problems with regard to the production of secondary energy by 
means of aecondary energy. If part of the secondary energy is imported, no 
domestic primary energy is required; it is "savedn by the import of secondary 
energy. 



The type of coefficient (domestic or cumulative) to be used depends, aside from 
the question of availability, on the problem under investigation. If medium or 
long-term phenomena are being analyeed and forecasts are being made, the 
stability of the respective parameters is a precondition, ao that the 
coefficients without regard to origin of the inputs are needed. The knowledge of 
import ratios is necessary, however, for the analysis of short-term effects on 
domeatic production or the aimulation of price changes due to cost-push effects. 
The principal aim of this atudy is a description of the technological 
interconnections in the conversion sector. Therefore, the cumulative input 
coefficienta were uaed without regard to the origin of the energy aourcea. 

The cumulative input coefficients are presented in Table 4. To avoid double 
counting, the table contains only data on the cumulative inputs of primary 
energy. The upper part of the table containa cumulative input coefficienta for 
primary energy (computed according to equation (8c) in the appendix), and the 
lower part the cumulative input coefficient8 of primary energy for the 
production of aecondary energy (these figures were computed in accordance with 
equation (8b) in the appendix). 

For example. the figures in the column, "diatrict heating", mean that for the 
delivery of 1 joule diatrict heat to the end-uaer or for export8 or to 
inventory, the following quantities of primary energy are required (in joule): 

0.7159 crude oil; 0.2776 lignite; 0.1992 natural gas; 0.1464 waste 
products; 0.0275 hard coal; 0.0114 residues. 

These figures are valid under the aaaumption that the imported aecondary energy 
uaed in the production of district heat (it is evident from Table 3 that it can 
only be heating oil) is produced with domeatic technology. It ia also 
interesting to compare the aum of the direct input coefficienta of primary 
energy  able 3) with that of the cumulative input coefficients  able 4). The 
difference8 indicate the losaea contained in the input of aecondary energy 
aourcea. The aum of the cumulative input coefficient for diatrict heat is 
1.3780, i.e., the delivery of 1 joule of diatrict heat to final energy 
consumption required the input of about 1.38 joule of primary energy. The 
difference of the value of multiplicator to unity indicates the magnitude of 
cumulated conversion losaea. The multiplicators for coke, torn gaa, 
blast-furnace gas, coke-oven gaa and generator gaa can be interpreted in the 
same fashion. 

The conversion multiplicatora of the generation of electricity are a special 
caae. For 1 unit (1 joule) the input of the folloring primary energy aourcea 
were neceaaary in 1976: 

0.771 hydropower; 0.4372 natural gas; 0.4266 crude oil; 0.3016 
lignite; 0.0369 hard coal; 0.0093 waate producta; 0.0068 residues; 
1.9955 waa the sum of primary energy inputs. 

This means that for the production of 1 joule of electric energy, 2 joules were 
uaed, implying a cumulative efficiency of 50 percent. 

The aum of theae valuea can be ao interpreted for only a specific year, becauae 
electricity ia produced in Auatria by meana of two very different technologies. 
For electricity produced by hydroelectric power plants (58.07 percent of total 
production), it is assumed that water power is utilized at the rate of about 80 
percent. The sum of the multiplicatora for the varioue inputs of primary energy 
in thermal power plants ia equal to 1.2184. In 1976, 41.94 percent of 
electricity was generated in thermal power plants. The data in Table 4 imply a 
multiplicator of 1.3382 for water power, and of 2.9058 for thermal power. 

Theee multiplicatora provide the baaia for computing primary energy content in 
final consumption and the cumulative energy content in the components of final 
demand. 



2. ERERGY C O ~ I O N  IN AUSTRIA: 1955 TO 1980 

2.1 The trend8 of the coefficienta of energy conversion 

The first part of the study explained the calculation of coefficients for energy 
conversion (direct input coefficienta, market shares of conversion processes and 
efficiency coefficients) and of the coefficienta of the interrelation of inputs 
and outputs by energy carriers (cumulative input coefficients), the size of 
these coefficients in the year 1976, and the interpretation of the results. The 
following aection will present and analyze time seriea for aelected 
coefficients. 

Rapid economic growth in Austria and a atrong riae in real income between 1955 
and 1973 brought about a steep increase in energy consumption (total energy 
conaumption increased from 414 PJ in 1955 to 91 5 PJ in 1973, i.e., by 121 
percent). Increaaing automation in production, technological changes in railroad 
tranaportation, increasing motorieation, and the installation of more 
comfortable heating syatems required more refined (1.0.. derived or aecondary) 
energy sources. The final consumption of primary energy (defined as the sum of 
energy and non-energy consumption by the manufacturing aector, traneportation, 
small users, and energy aupply utilities, plus tranamiasion loeses) declined 
from 155 PJ in 1955 to 130 PJ in 1973, 1.e.. by 16 percent, but the conaumption 
of aecondary energy tripled from 217 PJ in 1955 to 680 PJ in 1973, 1.0.. 
increased by 213 percent. The ahare of primary energy in total conaumption 
dropped from 42  percent (1955) to 16 percent (1973). The domestic utility 
companies adapted rather rapidly to this development and constructed convereion 
plant8 to satisfy the rising demand for derived energy (final conaumption of 
petroleum product8 increaaed from 6 8  PJ in 1955 to 447 PJ in 1973, i.e., by 557 
percent; final conaumption of electricity increased from 35 PJ in 1955 to 107 PJ 
in 1973, i.e., by 206 percent). The share of imported derived energy increaaed 
nonetheleea. The production of derived energy in Austria made a substantial 
contribution to the Groaa Domestic Product, contributing at the aame time, 
however, to converaion loases in the energy balance. Conversion loaaes roae from 
41 PJ in 1955 to 104 PJ in 1973 (by 154 percent), i.e., somewhat faster than 
final energy conaumption (from 372 PJ in 1955 to 811 PJ in 1973, i.e., by 118 
percent), causing total energy consumption to climb (from 41 4 PJ in 1955 to 91 5 
PJ in 1973, 1.0.. by 121 percent). 

In  the two years following 1973, a sharp break in the long-term trend occurred. 
The strong increase8 in energy pricee in the seventies cauaed a s lowdom in 
economic growth, accompanied by a shift of production from energy intenaive to 
lea8 intenaive industries, and aleo a more economical use of energy, and an 
Fncreaaed utilieation of unconventional energy sources (e.g., waste products). 
Even though real Groaa Domeatic Product still grew, energy conaumption in 1982 
(815 PJ) was about as high as in 1973 (811 PJ). The mix of final energy 
consumption changed subatantially: demand for secondary energy declined (from 
680 PJ in 1973 to 628 PJ in 1982, i.e., by 8 percent), demand for primary energy 
increaaed (from 130 PJ in 1973 to 187 PJ in 1982,i.e.. by 44  percent). Thia 
shift was a result of substitution proceasea in the heating aector and the 
differential development of demand. For example, in the heating sector, there is 
vigorous competition between the various energy sourcea, while in other cases, 
there are practically no aubatitution poasibilities (e.g., coke for the 
production of iron, electricity for aluminum amelting, motor spirits, 
lubricants). The relatively small quantitiea of primary energy in final 
conaumption are used almoat excluaively for heating; for other purposes like 
mechanical work, lighting, and electrochemical plants, secondary energy is 
employed. In  1982, less e n e r a  waa used for heating than in 1973, and more for 
other uees. The mix of final conaumption shifted nonetheless from aecondary to 
primary energy. The contribution of primary energy for heating increased, that 
of secondary energy decreased. The decline in the demand for secondary energy 
for the generation of heat was not offset by the riae in the demand for 
secondary energy in other areas. 



The development, however, was not uniform for all secondary energy types. After 
1973, consumers endeavoured to curtail total energy consumption, especially the 
use of expensive heating oil. The sale of heating oil did decrease strongly 
(from 330 PJ in 1973 to 259 PJ in 1982, i.e., by 22 percent); heating oil was 
substituted by (mainly imported) natural gas (the demand increased from 75 PJ in 
1973 to 118 PJ in 1982, i.e., by 57 percent). Natural gas has several properties 
beneficial to the consumer (e.g., easy controllability, high efficiency of gas 
appliancee, small emission of pollutants), and the conversion of heating systems 
to natural gas produced substantial savings. Heating oil was furthermore 
substituted for by other primary energy sources, such as wood (the demand 
increased from 26 PJ in 1973 to 34 PJ in 1982, i.e., by 31 percent) and 
combustible waste products (an increase from 2 PJ in 1973 to 1 1  PJ in 1982, 
i.e., by 450 percent). 

In 1982, about as much energy flowed into final demand ae in 1973; conversion 
losses were as high as in 1973. Thus, total e n e r w  consumption (sum of final 
coneumption and converaion losses) stagnated (915 PJ in 1973 and 918 PJ in 1982) 
despite growth of the economy. 

2.2 Small changes in the overall efficiency of energy converaion 

The structure of energy conversion has undergone a pronounced change over time. 
Due to technical innovations, the efficiency of various converaion processes has 
improved markedly; the overall efficiency of energy converaion, however, has 
changed very little (see Table 5). In  the following section, a distinction is 
made between the technical efficiency coefficient and the adjusted efficiency 
coefficient. The technical efficiency coefficient refers to the relation between 
energy output and cumulative (direct and indirect) energy input in conversion 
processes, and includes transmission losses. In 1955, the efficiency coefficient 
of total energy converaion was 81 percent, in 1973, 84 percent, and in 1982, 83 
percent (1.0.. an average of 1.20 units of energy input were required for one 
unit of secondary energy; energy converaion losses were 17 percent of energy 
input, and the thermal value of the derived energy was 83  percent of the energy 
input ) . 
The small difference in the efficiency coefficients in the years 1955 and 1973 
is mainly due to the rapid rise in the share of electricity generation and of 
the production of petroleum products in energy conversion. Conversion losses are 
very high in electricity generation, and very low in the production of petroleum 
products. The increasing share of electricity would have depressed the technical 
efficiency even further, had it not been possible to reduce the energy input in 
its generation process. (1t is also possible that statistical inaccuracies have 
masked a more pronounced improvement in the average efficiency.) The 
differential growth rate of electricity generation and petroleum proceeaing, and 
the different degree of improvement in the efficiency of electricity generation 
are responsible for the deterioration of the average efficiency between 1955 and 
1964 and its improvement between 1964 and 1973. 

The direct input coefficient remained unchanged between 1973 and 1982, as a 
result of the parallel expansion of the electricity and petroleum industries. 
Oil proceaaing, more "economical" becauee of lower energy conversion losaes, 
decreased, while the lees economical electricity generation increased. This by 
itself would have significantly lowered the average efficiency. At the same 
time, however, the efficiency of electricity generation improved so strongly 
that the direct input coefficient remained unchanged. 

Significant progress in energy utilization in the various conversion processes 

Efficiencies in the generation of electricity and of district heat improved 
significantly. The measurement of direct input coefficients for district heat is 
not, however, without problems. District and building heating plants produce 
only heat; their energy input can therefore be attributed exclusively to one 
product. Cogeneration plants produce district heat and electricity. Also these 



plants can usually determine exactly how much of the energy input should be 
al located to  the production of d i s t r i c t  heat and how much t o  the generation of 
e lec t r i c i t y .  D i f f icu l t ies  a r i se ,  however, when d i a t r i c t  heat is  supplied by a 
conventional thermal power plant. The actua l  energy input is compared with a 
hypothetical value calculated under the assumption that  only e lec t r i c i t y  is 
generated and no heat is supplied. The difference between the two values is 
at t r ibuted t o  the output of d i a t r i c t  heat. Because of the large quant i t ies of 
waste heat being ut i l i zed,  i t  is  possible t o  generate with one addit ional  un i t  
of energy more than one un i t  of d i a t r i c t  heat ( the d i rect  input coeff ic ient is  
f a r  below one, the ef f ic iency coeff ic ient of the plant f a r  above 100 percent). 

The d i rect  input coeff ic ient i n  the generation of e l e c t r i c i t y  has declined 
strongly since 1955, as Table 7 indicates. I n  1955, 2.09 un i t s  were required f o r  
the generation of one thermal un i t  of e lec t r i c i t y ,  i n  1980 only 1.72 uni ts.  This 
development is even more s t r ik ing,  i f  one considers that  the share of hydropower 
in e l e c t r i c i t y  generation has declined (see Table 6 ) ,  implying a deter iorat ion 
of the overal l  eff iciency i n  e lec t r i c i t y  generation ( fo r  hydroelectric power 
planta a constant. technical eff iciency of 80 percent is  assumed). A t  the same 
time, however, the ef f ic iency of thermal power plants increased strongly enough 
to  o f f se t  t h i s  ef fect .  The technical ef f ic iency of thermal power plants rose 
from 24 percent to  39 percent. A large par t  of t h i s  improvement was due to  the 
growing share of d i s t r i c t  heating planta with a much higher ef f ic iency because 
of the co-generation of e lec t r i c i t y  and d i a t r i c t  heat. The technical ef f ic iency 
of a conventional coal-fired plant is  around 23 percent, tha t  of the new thermal 
power plants with co-generation around 40 percent ( i n  the new plant a t  
Korneuburg 44 percent). Since 1976, the improvement i n  ef f ic iency of the thermal 
power plants has come to  a s tandst i l l :  low capacity u t i l i za t ion  of the plants 
has occasionally even lowered the eff iciency. The capacity of thermal power 
plants has grom only slowly i n  recent years. In  1978, several large plants were 
put in to  operation in Vienna and Lower Austria, and i n  1980 a smaller plant 
opened i n  Lower Austria. A modern l i g n i t e  power plant is  scheduled f o r  
completion i n  Voitaberg i n  1983. A s ign i f icant  improvement i n  the ef f ic iency of 
the thermal planta can be expected i n  the next few years, largely a t t r ibutab le  
t o  the increasing u t i l i za t ion  of waste heat. The technical eff iciency of the 
Austrian thermal power plants ranks favourably i n  an internat ional  comparison. 
The technical ef f ic iency of conventional thermal power plants i n  the European 
Community is  just  below 36 percent. In  1980, a technical ef f ic iency of 37 
percent was recorded f o r  the Federal Republic of Germany, of 37 percent fo r  
France, I ta l y ,  and Denmark. The highest ef f ic iency was shom by the plants 
( f i red mainly by heating o i l  and natural  gas) i n  the Netherlands (39 percent), 
the lowest ef f ic iency by plants (mainly f i red  by coal)  i n  Great Br i ta in (33 
percent) and the plants i n  Luxembourg (26 percent). 

2.3 Increasing input of primary energy i n  conversion processes lowers cumulative 
input coeff ic ient 

The cumulative input coef ic ient indicates the amount of thermal un i ts  of primary 
energy required to supply the end-user (or foreign trade or inventory) with one 
uni t  of aecondary energy. In  th i s  calculat ion, the input of secondary energy i s  
replaced by the input of primary energy required f o r  i ts  production. The 
difference between the sum of the cumulative input coeff ic ients and the sum of 
the d i rect  input coeff ic ients shows the sum of the conversion losses which i s  
embodied i n  the cumulative energy source. The difference between the cumulative 
input coeff ic ients and 1 indicates the magnitude of cumulative conversion losses 
which occur when a cer ta in  type of secondary energy i s  supplied to the end-user. 
The cumulative input coeff ic ients may be equal to  the d i rect  input coeff ic ients 
( i f  there is  no input of secondary energy i n  the conversion p lant ) ,  but they 
should not be smaller. Where t h i s  is  the case (production of coke, a t  times i n  
the generation of d i a t r i c t  heat and t o w  gas) ,  there a re  s t a t i s t i c a l  er rors  (see 
Table 8 ) .  

The most important secondary energy source with s igni f icant changes i n  the input 
coeff ic ients is  e lec t r i c i t y .  The d i rec t  input coeff ic ient f e l l  from 2.095 (1955) 
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TABLE 7 D i r e c t  i n p u t  c o e f f i c i e n t s  o f  e l e c t r i c i t y  g e n e r a t i o n .  

J 5 5  I 
J 5 6  I 
JY 1 I 
J 5 8  I 
J5P  I 
J b n  I 
J b l  I 
J b 7  I 
J b 3  I 
J h @  I 
J b 5  I 
Jbh 1 
J b l  I 
J b 8  I 
J h 9  1 
J l n  I 
J I I  I 
J 1 2  I 
J l l  I 
J I@ I 
J 1 5  1 
J l b  I 
J 1 1  I 
J I 8  I 
J I P  I 
JRI I  1  

. I b 0 0  
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- 0 9  JII 
- 1  13Q 
.I bob  
.I 53b . I 8 1 0  
- 2 h 5 3  
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-71  1 1  
.3b14 
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. @ 0 9 0  
.2 11 9 
.27Zb 
- 3 1 1 5  
- 2 7 6 5  
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TABLE 8 Cumulat ive i n p u t  c o e f f i c i e n t s  o f  secondary  energy.  

5 5 5  1 
J5b  I 
J 5 1  I 
J5U I 
J 5 9  1 
J b n  I 
J b l  I 
5 6 2  1 
J b 3  1 
J h 4  1 
J b 5  I 
Jbb I 
J b l  I 
Jb8 I 
J b 9  I 
J l O  I 
,111 I 
5 1 2  1 
J 1 3  I 
J I 4  I 
J15 I 
J l h  I 
J 1 1  I 
Jll) 1 
J I P  I 
Jllfl I 

to 1.71 6 (1 980). the cumulative input coeff ic ient declined from 2.291 to 1.772. 
Both coeff ic ients indicate that in  e lec t r i c i t y  generation output decreased 
markedly. The difference between the t r o  coeff ic ients shows that  losses embodied 
in the secondary energy, which was used as  input i n  e lec t r i c i t y  generation, 
declined from 0.196 (2.291 minus 2.095) to  0.056. This improvement was brought 
about by the s h i f t  i n  the production mix i n  the e lec t r i c i t y  industry and by the 
improvement of the ef f ic iency i n  the production of secondary energy sources. 
This trend has accelerated, especial ly since 1973, when the share of hydropower 
increased. 
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According to the energy balance, the energy input in 1980 in the generation of 1 
GHh electricity in a hydroelectric power plant was (by definition) 4.5 TJ 
(technical efficiency of the plant 80 peroent), and in a thermal power plant 9.3 
TJ (technical efficiency 38.8 percent), resulting in an average of 6.0 TJ 
(technical efficiency 60.3 The corresponding values derived from the 
cumulative input coefficienta (they alao contain conversion losses embodied in 
the aecondary energy input) were 4.8 TJ (adapted efficiency 75 percent), 10.0 TJ 
(adapted efficiency 36 percent) and 6.4 TJ (adapted efficiency 56.3 percent). 

The cumulative input coefficienta alao yield information on the primary energy 
content of the various components of demand. In contrast to the conventional 
energy balance, the primary energy content indicates directly how much energy is 
required by an industry, if the convereion losses embodied in the various 
aecondary energy source8 are also taken into account. Table 9 shows the primary 
energy content by using eectora. 

APPENDIX: OUTLIm OF THE EAERGY COliVERSIOI UODEL 

For the energy conversion model, the energy balance is arranged in a make and 
abaorption framework  able 1 ). The first quadrant of the make and absorption 
system is divided into two matrices: the make matrix showe the volume of energy 
output in the various energy conversion processes. This system h e  the following 
advantages: 

- The statistical data can be incorporated directly into the model 

- The interaction of inetitutional and functional activities and commodity flows 
(who uses how much energy) is transparent and can be modelled if certain 
assumptions regarding technology are made. 

The following symbols are used: 

V/ts - (make) matrix of domeetic production of secondary energy, 
m/p = vector of imports of primary energy, 
m/s = vector of imports of aecondary energy, 
U / P ~  - (absorption) matrix of primary energy input into conversion processes, 
U/st = (abeorption) matrix of secondary energy input into convereion procesees, 
11s = commodity-related losses of aecondary energy, 
l/p = proceee-related conversion loaaea 2), 
E/pj = primary energy: own consumption and energy and non-energy final 

consumption by using induetries, 
E/sj = secondary energy: o m  consumption and energy and non-energy final 

consumption by uaing industries, 
d/p = change in inventories of primary energy, 
d/s = change in inventoriee of aecondary energy. 
c/p = private consumption of primary energy, 
CIS = private coneumption of secondary energy, 
k/p = public consumption of primary energy, 
k/s = public coneumption of secondary energy, 
x/p = exporte of primary energy, 
XIS = exports of secondary energy, 
q/p = supply or use of domestic primary energy, 
q/s = supply or use of domestic aecondary energy, 
g/t = total inputs (or total outputs including conversion losaes of 

conversion proceaaea3), 
I = identity matrix, 
i = unity vector. 

= zero element in the matrices. 

From Table 1 the following identity can be derived: 



where Equation ( 1 )  defines the production of energy 

- according to the commodity account, i.e., the domestic eupply of energy (qp or 
qa) is equal to the energy input into the conversion proceeses (Upt.i and 
U8t.i resp.) plua the commodity related losses (lp and 1s resp.) plus the 
final conaumption of energy (yp, ya) minus energy importe (mp and ma, resp.) 

- according to the production account, i.e., output of the domestic energy 
conversion procesees (Vt8.i) plua conversion losses (It) is equal to the 
(direct) energy inputs into the conversion proceaees (gt). 

Under the assumption of a linear limitational production function, the matrix of 
technical coefficients for the converaion sector is derived as follows: 

The matrices Bpt and Bat show the share of energy types in total inputs of 
procese t. 

By making appropriate assumptions about technology (United Nations, 1968, 
p.48ff), a matrix Dts can be derived, which transforms the outputs of the 
conversion procesees into the domestic eupply of eecondary energy. This matrix 
Dts is defined as matrix of market shares: 

Assuming a constant (technological) relation betveen commodity-related loeses 
and the supply on the one hand, and convereion loeses and inputs into the 
conversion processes on the other, the loseee can be endogenized through the 
loee coefficients Lpp, Laa, and Ltt. 

Ueing (2). (31, and (4) the identity (1 ) can be rewritten. 

The diagonal matrix of efficiency coefficient8 is given as 

Using theee efficiency coefficients (5) yields 



Through partitioned inversion, the demand form of the Leontief model can be 
obtained: 

The matrices M contain the cumulative input coefficients (or multiplicators) 
which indicate to what extent the input of one energy type (or process output) 
is needed to deliver one unit of one energy type (process output) to final 
consumption. Since this project uses only a commodity-commodity model, the 
following system of equations replaces (7) : 

or in partitioned form 

where 

(88) M,= (W,, - BSt wtr-' D,,)-' 

(8b) M PS = wpp- l  B~~ wtt-' D ~ ,  M,, 

The supply form of the model is obtained through the re-inversion of matrix M 
and the separation of the identity matrix 

(9) ( I  - AT) q = Y  - w . m  

or in partitioned form 

The matrices AT correepond to the matrix of input coefficients of the 
conventional input-output model: 



A conventional input-output commodity-commodity table for the energy conversion 
sector is obtained by multiplying the technical coefficients by the diagonalized 
supply vector. 
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THE LONG-RUN PROFITABILITY OF ETHANOL IN HIGH-OCTANE 
GASOLINE: AN APPLICATION OF INPUT-OUTPUT ANALYSIS 

H .  David Robison 
Department o f  Economics, University o f  Maryland, College Park, Maryland, USA 

When u s i n g  an i n p u t - o u t p u t  model  t o  a d d r e s s  a  problem, i t  i s  o f t e n  
n e c e s s a r y  t o  b u i l d  a  sub-model t o  p r o v i d e  a d d i t i o n a l  d e t a i l  f o r  s e c t o r s  o f  
i n t e r e s t .  T h i s  s tudy u s e s  a  sub-model, d r i v e n  b y  t h e  7 8  s e c t o r  INFORUM 
i n p u t - o u t p u t  model, t o  examine  t h e  Long- run  p r o f  i t a b i l i t y  o f  b u i l d i n g  a  
p l a n t  t o  produce e t h a n o l  from c o r n  f o r  use  a s  a n  o c t a n e  b o o s t e r  i n  s u p e r  
( h i g h - o c t a n e  u n l e a d e d )  g a s o l i n e  i n  t h e  U n i t e d  S t a t e s .  The e f f e c t s  o f  
e t h a n o l  p r o d u c t i o n  on a g r i c u l t u r a l  p r o d u c t i o n  and p r i c i n g  a r e  a l s o  examined  
b a s e d  o n  c l a s s i c a l  s u p p l y  and demand m o d e l i n g  o f  a g r i c u l t u r a l  p r i c e  
de te rmina t ion .  

I n  t h i s  study, t h e  Long-run p r o f i t a b i l i t y  o f  e t h a n o l  p r o d u c t i o n  was 
f o u n d  t o  be h i g h l y  dependent on f u t u r e  movements o f  t h e  r e a l  p r i c e  o f  crude 
o i l  and t h e  r e a l  va lue o f  f e d e r a l  and s t a t e  s u b s i d i e s  f o r  e t h a n o l  use  i n  
g a s o l i n e .  At c u r r e n t  nominal subsidy Levels, w i t h  a  cons tan t  r e a l  p r i c e  of 
crude o i l ,  e t h a n o l  c a n  be p r o d u c e d  p r o f  i t a b l y  t h r o u g h  1995, t h o u g h  t h e  
p r o f  i t  m a r g i n  d e c l i n e s  t h r o u g h o u t  t h e  p e r i o d  as  t h e  r e a l  v a l u e  o f  t h e  
s u b s i d i e s  dec l ine .  For  t h e  r e l a t i v e l y  low L e v e l s  o f  e t h a n o l  p r o d u c t i o n  
( L e s s  t h a n  2 b i l l i o n  g a l l o n s )  p r e d i c t e d  b y  t h e  model, t h e  e f f e c t  o n  
a g r i c u l t u r a l  p r i c e s  i s  m i n i m a l .  E t h a n o l  p r o d u c t i o n  o f  3 t o  5  b i l l i o n  
g a l l o n s  has a  moderate impact on corn  pr ice,  w h i l e  t h e  impact cou td  be more 
cons iderab le  f o r  volumes o f  10  t o  15 b i l l i o n  ga l lons .  

Ethanol, o r  e t h y l  a lcohol ,  i s  ob ta ined  by t h e  f e r m e n t a t i o n  o f  corn, o r  
any o t h e r  p l a n t  m a t e r i a l  w i t h  s u b s t a n t i a l  amounts o f  carbohydrates. Besides 
i t s  most  common use, which i s  i n  a l c o h o l i c  beverages, e thano l  can be mixed 
i n  a  one-to-nine r a t i o  w i t h  g a s o l i n e  i n  a  r e f i n e r y  o r  a t  a  sh ipp ing  t e r m i n a l  
t o  b o o s t  t h e  o c t a n e  r a t i n g  o f  r e g u l a r  u n l e a d e d  g a s o l i n e  t h r e e  p o i n t s ,  
p r o d u c i n g  u n l e a d e d  super. An e f f e c t i v e  o c t a n e  r a t i n g  o f  105-115 makes 
e t h a n o l  a  good octane boos te r  t h a t  cou ld  be used e i t h e r  i n  t h e  r e f i n e r y  o r  
a t  s h i p p i n g  t e r m i n a l s  (where i t  would s imp ly  be blended w i t h  t h e  gaso l ine ) .  
The one major  problem w i t h  t h e  use o f  e thano l  i n  super g a s o l i n e  i s  t h a t  t h e  
e t h a n o l  c a n  be d rawn o u t  o f  t h e  g a s o l i n e  i f  t h e  m i x t u r e  comes i n  con tac t  
w i t h  water. 

C u r r e n t l y ,  super  g a s o l i n e  made w i t h  e t h a n o l  i s  exempted f r o m  t h e  
f e d e r a l  t a x  o n  g a s o l i n e  s a l e s .  I n  a d d i t i o n  s e v e r a l  s t a t e s  have g r a n t e d  
s i m i l a r  exemptions f rom s t a t e  g a s o l i n e  taxes. The s t a t e - s p e c i f i c  s u b s i d i e s  
make e t h a n o l  b l e n d i n g  a t  t h e  p i p e l i n e  t e r m i n a l  more L i k e l y  t o  occur  t h a n  use 
i n  t h e  r e f i n e r y  p rocess .  B l e n d i n g  a t  t e r m i n a l s  i n  s t a t e s  w i t h  s u b s i d i e s  
s u f f i c i e n t l y  h i g h  t o  make e t h a n o l  p r o f i t a b l e  s p a r e s  t h e  r e f i n e r  f r o m  t h e  
p r o b l e m s  o f  k e e p i n g  s u p e r - e t h a n o l  u n l e a d e d  g a s o l i n e  s e p a r a t e  f r o m  
super-nonethanol g a s o l i n e  and reduces t h e  L i k e l i h o o d  o f  water c o n t a m i n a t i o n  
o f  t h e  e thano l  f u e l .  

O u t l i n e  o f  Study 
N e a s u r i  ng t h e  p r o f i t a b i l i t y  o f  e thano l  p r o d u c t i o n  o r  t h e  r a t h e r  narrow 

e f f e c t s  e t h a n o l  p r o d u c t i o n  would have on t h e  economy i s  i m p o s s i b l e  i n  t h e  
f ramework  o f  INFORUM'S aggregate 1-0 model, c a l l e d  LIFT. Bo th  o f  t h e  c o r n  
m i l l i n g  processes t h a t  can be used t o  produce e t h a n o l  ( w e t  and w h o l e  c o r n  



m i l l i n g )  f a l l  i n t o  t h e  t h r e e  d i g i t  Standard I n a u s t r i a l  C l a s s i f i c a t i o n  204, 
which i s  o n l y  a p o r t i o n  o f  t h e  LIFT s e c t o r  9, Food and  t o b a c c o .  I n  1977, 
L I F T  s e c t o r  9  had a t o t a l  ou tpu t  o f  208.4 b i l l i o n  d o l l a r s ,  o f  which a l l  of 
c o r n  m i l l i n g  accounted f o r  l e s s  t h a n  1 .5%. I n  add i t i on ,  a l l  o f  a g r i c u l t u r e  
c o m p r i s e s  o n l y  a s i n g l e  L I F T  s e c t o r ,  w h i l e  t h e  impact o f  l a r g e  volume o f  
e t h a n o l  p r o d u c t i o n  would be l i m i t e d  t o  c o r n  and a few o t h e r  crops. 

One m i g h t  u o n d e r  u h a t  t h e  v a l u e  o f  t h e  1-0 model  i s  when t h e  
sub-model c o n t a i n s  a l l  t h e  d e t a i l  impor tan t  i n  address ing t h e  ques t ions  o f  
i n t e r e s t  i n  t h i s  study. The answer i s  t h a t ,  g i v e n  a c r u d e  o i l  s c e n a r i o ,  
L I F T  p r o v i d e s  f o r e c a s t s  o f  pr ices,  g a s o l i n e  consumption, and macroeconomic 
var iab les,  a l l  c o n s i s t e n t  w i t h  t h a t  crude o i l  p r i c e  s c e n a r i o .  The a b i l i t y  
t o  p r o d u c e  p r i c e  f o r e c a s t s  c o n s i s t e n t  w i t h  v a r i o u s  crude o i l  scenar ios  i s  
e s s e n t i a l  t o  t h e  sub-model, because t h e  cos ts  o f  p r o d u c i n g  e t h a n o l  - o t h e r  
t h a n  t h e  c o r n  c o s t  - a r e  assumed t o  move w i t h  an a p p r o p r i a t e  p r i c e  index. 
For example, t h e  cos t  o f  steam c o a l  (pe r  g a l l o n  o f  e t h a n o l )  i n  1995 i s  t h e  
c u r r e n t  c o s t  m u l t i p l i e d  by t h e  LIFT p r i c e  index f o r  c o a l  i n  1995. Without 
t h e  a b i l i t y  t o  f a c t o r  t h e  f u l l  e f f e c t s  o f  a  change i n  c r u d e  o i l  p r i c e  i n t o  
a l l  o t h e r  pr ices, e t h a n o l  cou ld  appear t o  be p r o f i t a b l e  when, i n  fact,  i t  i s  
not. 

The  C o r n  A l c o h o l  Model  ( C A M ) ,  a sub-model o f  t h e  L I F T  model, was 
c o n s t r u c t e d  t o  g i v e  t h e  s e c t o r a l  d e t a i l  necessary f o r  c a l c u l a t i n g  t h e  p r i c e  
a t  which e t h a n o l  would be p r o f i t a b l e  t o  produce. I n  a d d i t i o n  t o  t h e  e t h a n o l  
p r o d u c t i o n  d e t a i l ,  a d d i t i o n a l  d e t a i l  was p r o v i d e d  f o r  t h e  a g r i c u l t u r e  
s e c t o r ,  so  t h e  e f f e c t s  o f  e t h a n o l  p r o d u c t i o n  on  c r o p  p r i c e s  c o u l d  b e  
examined. I n  o r d e r  t o  keep t h e  model a  manageable size, t h e  a g r i c u l t u r a l  
d e t a i l  was l i m i t e d  t o  t h r e e  c r o p s  -- corn, soybeans, and wheat  -- w h i c h  
m i g h t  s i g n i f i c a n t l y  a f f e c t  t h e  c o s t  o r  f e e l  t h e  i m p a c t s  o f  e t h a n o l  
product ion.  There a re  t h r e e  l i n k s  by which e t h a n o l  p r o d u c t i o n  w i l l  i m p a c t  
upon  t h e  p r i c i n g  o f  t h e  t h r e e  c rops .  F i r s t ,  e t h a n o l  p r o d u c t i o n  i s  an  
a d d i t i o n a l  demand f o r  corn, which w i l l  r a i s e  t h e  e q u i l i b r i u m  p r i c e .  Second, 
because t h e  t h r e e  c rops  a r e  s u b s t i t u t e s  i n  p r o d u c t i o n ,  r e l a t i v e  a c r e a g e  
s h a r e s  may s h i f t .  F i n a l l y ,  e t h a n o l  p r o d u c t i o n  produces by-products  which 
can s u b s t i t u t e  f o r  c o r n  and soy i n  c e r t a i n  uses, lower ing  t h e i r  e q u i l i b r i u m  
pr i ces .  

The by-products  must be c a r e f u l l y  considered, n o t  j u s t  because o f  t h e i r  
use  as  a c o r n  and soy s u b s t i t u t e ,  b u t  because o f  t h e i r  major i n f l u e n c e  on 
t h e  p r o f i t a b i l i t y  on e t h a n o l  product ion.  For example, i n  1981 t h e  n e t  va lue  
o f  t h e  b y - p r o d u c t s  f r o m  one g a l l o n  o f  e t h a n o l  by  t h e  w e t  c o r n  m i l l i n g  
p r o c e s s  u a s  85.6 cents, which accounted f o r  59.7 percen t  o f  t h e  c o r n  i n p u t  
cos t  based on t h e  p r o d u c t i o n  process d e s c r i b e d  below.  I n  t h i s  s tudy,  t h e  
p r i c e s  o f  t h e  by-products  depend o n l y  on t h e  p r i c e s  f o r  c o r n  and soy. 

F i g u r e  1, a f l o w  d iagram o f  t h e  CAM model, shows t h e  b a s i c  supply  and 
demand s t r u c t u r e  o f  t h e  model. On t h e  l e f t  s i d e  o f  F i g u r e  1 a r e  t h e  demands 
f o r  t h e  c r o p s  i n c l u d i n g :  e t h a n o l  demand f o r  corn, a n i m a l  f e e d  demand, 
e x p o r t  demand, f o o d  and m i  sce 1 laneous demand, and i n v e n t o r y  demand. Note 
that ,  w h i l e  i t  i s  i n c l u d e d  on t h e  demand s i d e  o f  t h e  model, i n v e n t o r y  demand 
can have e i t h e r  a  p o s i t i v e  o r  n e g a t i v e  sign. On average, i n v e n t o r i e s  w i l l  
be a p o s i t i v e  demand f o r  t h e  crops, b u t  i n  years  o f  undersupply  o r  excess 
demand i n v e n t o r y  Levels w i l l  f a l l ,  t h u s  o f f s e t t i n g  some p o r t i o n  o f  t h e  o t h e r  
demands. The r i g h t  hand s i d e  o f  F i g u r e  1 shows t h e  two s o u r c e s  o f  s u p p l y :  
t h e  a g r i c u l t u r a l  s u p p l y  and t h e  c o r n  and soy e q u i v a l e n t s  o f  t h e  e t h a n o l  
by-products. I n  t h e  upper cen te r  o f  F i g u r e  1 a r e  t h e  exogenous v a r i a b l e s ,  
and i n  t h e  l o w e r  c e n t e r  a r e  t h e  p r i c e s  o f  t h e  crops and by-products  which 
a r e  used t o  equate t h e  supply  and demands f o r  each crop. 

The model beg ins  i t s  s o l u t i o n  p r o c e s s  f o r  each  y e a r  by  r e a d i n g  t h e  
v a l u e s  o f  t h e  exogenous v a r i a b l e s ,  b l o c k  H o f  F i g u r e  1. Those exogenous 
v a r i a b l e s  which a re  taken  f rom LIFT a r e  l i s t e d  above t h e  d o t t e d  l i n e ,  w h i l e  
t h o s e  v a r i a b l e s  t h a t  a r e  w h o l l y  exogenous a r e  l i s t e d  be low t h e  l i n e .  
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Exogenous var iab les  taken from LIFT a r e  macroeconomic va r i ab les ,  such as 
personal income, and prices. 

The nex t  s t e p  i n  s o l v i n g  t h e  model i s  t o  t a k e  a  f i r s t  guess a t  the 
th ree crop p r i c e s  f o r  t h e  f i r s t  year o f  t h e  p r o j e c t i o n .  From t h e  c rop  
p r i ces ,  t h e  by-oroduct  p r i c e s  a r e  c a l c u l a t e d  and passed t o  the  ethanol 
p r o f i t a b i l i t y  ca lcu la t ion .  

Given the crop prices, the  by-product prices, and the  engineering data 1 

on ethanol  product ion costs, the  p r i ce  o f  e thano l  can be c a l c u l a t e d .  The 
b a s i c  assumpt ion  o f  the alcohol  product ion p o r t i o n  o f  CAM i s  t h a t  r e f i n e r s  
w i l l  switch t o  ethanol as an octane booster once they perceive the  swi tch t o  
be p ro f i t ab le .  The breakeven po in t ,  t h e  p o i n t  a t  which t h e  r e f i n e r  can 
p r o f i t a b l y  use e thano l  ( a t  the terminal), i s  reached when the  r a t i o  of the 
p r i c e  o f  ethanol  t o  the gate p r i ce  o f  gasol ine a t  the  r e f i n e r y  p lus  shipping 
cos ts  t o  the  terminal, federa l  and s t a t e  t a x  subs id ies ,  and v a l u e  o f  t h e  
increase i n  octane f a l l s  ( c a l l e d  RATIO) t o  1.00. The s ta te  subsidy l eve l  i s  
a c t u a l l y  a  we igh ted  average o f  the  var ious s ta te  s p e c i f i c  subsidies, w i t h  
the  weights being the  volume o f  ethanol c u r r e n t l y  be ing  used as an oc tane 
b o o s t e r  i n  t h a t  s ta te .  The federa l  subsidy, app l icab le  i n  a l l  states, was 
ra ised t o  50 cents per g a l l o n  i n  1983 from i t s  p r e v i o u s  v a l u e  of 40 cen ts  
p e r  g a l l o n .  Note tha t  because the  p r i ces  f o r  a l l  other octane boosters are 
c lose l y  l i nked  t o  the p r i c e  o f  crude o i  1, t h e  compar ison o f  t h e  p r i c e  o f  
ethanol  t o  the p r i c e  o f  gasol ine and subsid ies i s  i m p l i c i t l y  consider ing a l l  
other octane boosters. 

The quan t i t y  o f  ethanol demanded, and the re fo re  the  amount o f  corn used 
f o r  e thano l ,  i s  de termined by t h r e e  t h i n g s :  t h e  t o t a l  consumpt ion o f  
gaso l ine ,  t h e  percentage o f  t o t a l  g a s o l i n e  usage t h a t  r e q u i r e s  oc tane 
boost ing ,  and the  f r a c t i o n  o f  super t h a t  uses ethanol  as an octane booster. 
T o t a l  g a s o l i n e  consumpt ion and t h e  percentage of t o t a l  gas01  i n e  t h a t  
requ i res  octane boost ing are both exogenous variables. Gasoline consumption 
i s  taken from the LIFT forecast  because LIFT i s  b e t t e r  able t o  fo recast  both 
p e r s o n a l  consumpt ion e x p e n d i t u r e s  f o r  g a s o l i n e  and i n t e r m e d i a t e  use o f  
gasol ine than i s  t he  C A M  model. The f r a c t i o n  o f  g a s o l i n e  t h a t  r e q u i r e s  
oc tane  b o o s t i n g  i s  exogenously s p e c i f i e d  t o  r i s e  s lowly betueen now and 
1995. The f r a c t i o n  o f  super t h a t  uses e t h a n o l  as an oc tane b o o s t e r  i s  
determined by a  spec i f i ed  reac t i on  f u n c t i o n  and the  current  p r o f i t a b i l i t y  o f  
e thano l .  Set-up t i m e  and other change-over costs make i t  un l i key  tha t  a l l  
r e f i n e r s  uou ld  begin use o f  ethanol  once t h e  breakeven p o i n t  i s  reached. 
The changeover r a t e  depends on how f a r  belou 1.00 RATIO is, how long RATIO 
has been belou 1.00, and on what percentage o f  r e f i n e r s  have a l r e a d y  made 
the  s w i t c h  t o  e t h a n o l  use. I n  add i t i on ,  i t  was f e l t  t h a t  r e f i n e r s u o u l d  
swi tch  away from ethanol  use more q u i c k l y  t h a n  t h e y  began u s i n g  i t .  To 
model t h i s ,  a  " p r o f i t a b i l i t y / u s e "  reac t i on  func t i on  was specif ied, having 
the  prev ious ly  descr ibed p r o p e r t i e s ,  t o  de termine t h e  f r a c t i o n  o f  super 
g a s o l i n e  t h a t  u o u l d  use e t h a n o l  as an oc tane b o o s t e r  each year. T h i s  
reac t i on  f u n c t i o n  a l so  has the  e f f e c t  o f  smoothing t h e  t r a n s i t i o n  betueen 
non-ethanol  and e t h a n o l  super p r o d u c t i o n  u h i  ch, i n  turn, prevents major 
f l u c t u a t i o n s  i n  the  a g r i c u l t u r a l  markets. 

Blocks B, C, D and E of Figure 1  dep ic t  the  other four  demands: feed, 
exports, food, and inventory  change respect ively.  The feed demand equations 
e s t i m a t e  the  demand f o r  corn t o  be fed t o  animals d i r e c t l y  as a  f unc t i on  o f  
feed p r i c e s  and r e a l  d i s p o s a b l e  income, t he reby  a v o i d i n g  d e a l i n g  w i t h  
f l u c t u a t i o n s  i n  t h e  L i v e s t o c k  market. ( I f  b e t t e r  short-term forecasts o f  
feed demand a r e  d e s i r e d  a  L i v e s t o c k  model can r e p l a c e  t h e  feed  demand 
equat i ons.) Expo r t  demand equations uere spec i f ied  ra the r  than estimated, 
i n  order t o  ob ta in  desired s t rong p r i c e  e l a s t i c i t i e s  and t o  a l low the growth 
r a t e s  f o r  e x p o r t  demand t o  be s p e c i f i e d  exogenously. To i n c r e a s e  t h e  
s h o r t - t e r m  s t a b i l i t y ,  inventory equations uere included i n  t he  model. The 



i n v e n t o r y  l e v e l  o f  each o f  che t h r e e  crops i s  a  f u n c t i o n  o f  oucpus, l a g g e d  
o u t p u t ,  a n d  t h e  r e a l  p r i c e  o f  t h a t  crop.  Because v e r y  l i t t l e  soy i s  
d i r e c t l y  consumed by humans, food and m i s c e l l a n e o u s  demand e o u a t i o n s  were  
e s t i m a t e d  j u s t  t o r  c o r n  ana wheat. Exp lana to ry  v a r i a b l e s  i n  t h e  food  and 
misce l laneous  demand equa t ions  a r e  r e a l  p r i c e s  and r e a l  d i  s p o s a b l e  income. 

Deve lopment  o f  t h e  s u p p l y  s i d e  o f   CAM^, b l o c k s  F and G o f  F igure  1, 
i n v o l v e d  e s t i m a t i n g  t h e  supply o f  c r o p s  g rown each  y e a r  and e q u a t i n g  t h e  
b y - p r o d u c t s  of e thano l  p r o d u c t i o n  t o  c o r n  and soy. I t  should be noted t h a t  
t h e  s u p p l y  o f  t h e  c r o p s  g r o w n  e a c h  y e a r  d o e s  n o t  d e p e n d  o n  a n y  
con temporaneous  p r i c e s  because t h e  crops a r e  p l a n t e d  b e f o r e  t h e  p r i c e s  f o r  
t h e  c u r r e n t  p e r i o d  a r e  known, and l i t t l e  can be done a f t e r  t h e  c r o p s  a r e  i n  
t h e  g r o u n d  t o  change t h e  y i e l d .  Thus, t h e  a g r i c u l t u r a l  supply  o f  each c rop  
remains cons tan t  u h i  l e  t h e  model i s  s o l v i n g  f o r  a  p a r t i c u l a r  year, though i t  
may change f rom year t o  year. Acreage p l a n t e d  i n  each  o f  t h e  t h r e e  c r o p s  
depend on lagged r e l a t i v e  c rop  prices, fa rmer ' s  costs, and time. Both acres 
harves ted  and y i e l d s  f o r  each c rop  depends on t h e  number o f  ac res  p l a n t e d  i n  
t h e  r e s p e c t i v e  c r o p  and a t i m e  trend. Given acres harves ted  and t h e  y i e l d  
per  acre, q u a n t i t y  grown i s  c a l c u l a t e d  b y  u s i n g  t h e  p r o d u c t i o n  i d e n t i t y :  
q u a n t i t y  g roun  equa ls  ac res  harvested t i m e s  y i e l d  per  acre. 

B y - p r o d u c t  supply  -- t h e  supply  o f  co rn  g l u t e n  feed, c o r n  g l u t e n  meal, 
c o r n  o i l ,  and d i s t i l l e r s  d r i e d  g r a i n s  -- does v a r y  w i t h  e t h a n o l  p r o d u c t i o n  
d u r i n g  t h e  s o l u t i o n  p r o c e s s  f o r  each year. I n  o rder  t o  a v o i d  f o r e c a s t i n g  
demand f o r  each o f  t h e  by -p roduc ts ,  i t  was d e c i d e d  t h a t  e a c h  o f  t h e  
by -p roduc ts ,  o t h e r  than  c o r n  o i l ,  should be equated t o  c o r n  and soy on t h e  
b a s i s  o f  t h e i r  p r o t e i n  and c a l o r i c  c o n t e n t .  More s p e c i f i c a l l y ,  f o r  each  
b y - p r o d u c t  a  m i x  o f  c o r n  and soy was c a l c u l a t e d  which would have t h e  same 
c a l o r i e  and p r o t e i n  content  as one pound o f  t h e  by-product. Once equated t o  
t h e i r  c o r n  and soy values, t h e  by-products  t h e n  add t o  t h e  t o t a l  s u p p l y  o f  
c o r n  and soy, and a r e  assumed t o  be s o l d  as f e e d  f o r  c a t t l e  o r  exported. 
Because by-product  p r o d u c t i o n  v a r i e s  w i t h  e thano l  product ion, t h i s  component 
o f  a g r i c u l t u r a l  supply  can vary  d u r i n g  t h e  s o l u t i o n  f o r  a  p a r t i c u l a r  year .  
However, t h i s  v a r i a t i o n  i n  supply  i s  q u i t e  small. 

A f t e r  a  pass th rough  t h e  model, t o t a l  supply  and demand f o r  t h e  crops, 
b l o c k s  J and K of F igure  1 respec t i ve ly ,  have been d e t e r m i n e d  based  o n  t h e  
i n i t i a l  g u e s s  a t  t h e  p r i c e .  I f  s u p p l y  e q u a l s  demand f o r  each crop, t h e  
i n i t i a l l y  guessed p r i c e s  a re  t h e  e q u i l i b r i u m  ones f o r  t h a t  y e a r .  When one 
o r  more o f  t h e  c r o p s  h a s  unequa l  supply  and demand, t h e  model a d j u s t s  i t s  
guess o f  those c rop  p r i c e s  and makes another  pass th rough  a l l  t h e  e q u a t i o n s  
o f  t h e  model.  P r i c e s  a r e  r a i s e d  i f  demand i s  g r e a t e r  t h a n  supply, and 
lowered i f  demand i s  l e s s  t h a n  s u p p l y .  T h i s  p r i c e  a d j u s t m e n t  c o n t i n u e s  
u n t i l  s u p p l y  e q u a l s  demand f o r  each crop; t h e n  t h e  model con t inues  on t o  
t h e  f o l l o u i n g  year, b e g i n n i n g  a g a i n  w i t h  t h e  v a l u e s  o f  t h e  e x o g e n o u s  
v a r i a b l e s  and a f i r s t  guess a t  p r i ces .  

S i m u l a t i o n  o f  CAM - --------------- 
The b e g i n n i n g  p o i n t  f o r  a  f o r e c a s t  o f  CAM i s  d e t e r m i n i n g  t h e  

a s s u m p t i o n s  t o  be used  b y  t h e  L I F T  model .  Most  i m p o r t a n t  among t h e s e  
assumptions i s  t h e  crude o i l  p r i c e  a s s u m p t i o n  which, f o r  t h e  p u r p o s e s  o f  
t h i s  paper, t h e  r e a l  p r i c e  o f  c r u d e  o i  1 was assumed t o  remain constant.  
Given c u r r e n t  o i l  market condi t ions,  t h i s  i s  a  f a i r l y  reasonable assumption. 
Other assumptions used i n  making t h e  r u n  o f  t h e  LIFT model a re  t h a t  M2 grows 
a t  e i g h t  percen t  per  year  between 1982 and 1995, and t h a t  r e l a t i v e  f o r e i g n  
t o  domest ic  p r i c e s  remain constant  between 1982 and 1995. 

Given these assumpt.ions, t h e  LIFT model i s  run. The r e s u l t i n g  f o r e c a s t  
had  a n  a v e r a g e  g r o w t h  r a t e  o f  2.6 p e r c e n t  p e r  y e a r  i n  r e a l  GNP, and 1.9 
percen t  f o r  d i sposab le  income between 1982 and 1995. The unemployment r a t e  
f e l l  f r o m  9.7 p e r c e n t  i n  1982 t o  3.5 p e r c e n t  b y  1995. I n f l a t i o n ,  a s  



measured by the  GNP d e f l a t o r  f e l l  t o  5.5 percent i n  1983 and remained i n  t he  
5 t o  6  percent range throughout t he  remainder of  t he  forecast. 

The f i n a l  step i n  t h e  s imula t ion  process i s  t h e  actual  running o f  CAM, 
u s i n g  t h e  r e s u l t s  o f  t he  LIFT forecast. The fo recast  produced by CAM under 
LIFT t h e  assumptions w i t h  t he  CAM assumption t h a t  s t a t e  s u b s i d i e s  f a l l i n g  
f rom 46 t o  38  c e n t s  pe r  g a l  Lon i s  presented i n  Table 1. A f te r  recovering 
from 1982 l w s ,  the  p r i ces  o f  t he  th ree crops r e l a t i v e  t o  t h e  PCE d e f l a t o r  
remain f a i r l y  s tab le  over the  fo recast  period. To ta l  acreage p lan ted i n  t h e  
three crops continues t o  grow, but  t he  r a t e  o f  growth slows from 3.1 percent 
i n  1984 t o  1.6 p e r c e n t  i n  1995. As a  r e s u l t  o f  t he  growth i n  t o t a l  acres 
p lan ted,  t h e  number o f  ac res  p l a n t e d  i n  each c r o p  grows, a l t h o u g h  t h e  
r e l a t i v e  shares continue t o  s h i f t .  

Consumption o f  gasol ine per cap i t a  grows, but  a t  Less than 0.4 percent 
per year f o r  t he  f u l l  range o f  t h e  f o r e c a s t .  T o t a l  g a s o l i n e  consumpt ion 
t h e n  grows a t  1.2 pe rcen t  p e r  year, 0.4 percent from the  increase i n  per 
cap i t a  c o n s u p t i o n  and 0.8 percent from growth i n  population. The f r a c t i o n  
o f  super g a s o l i n e  t h a t  used e t h a n o l  as an octane booster r i s e s  f ran 23.6 
percent i n  1982 t o  98 percent i n  1995. As a  resul t ,  the  q u a n t i t y  o f  ethanol 
p r o f i t a b l y  produced rose from 415 m i l l i o n  ga l lons  t o  3.809 b i l l i o n  g a l l o n s .  

A t  f i r s t  glance, t h e  f o r e c a s t  appears t o  be a  p r o f i t a b l e  one f o r  
ethanol  producers, w i t h  r e l a t i v e l y  s tab le  c rop  p r i ces ,  g row ing  p e r  c a p i t a  
consumption o f  gasoline, and a  s t e a d i l y  growing volume o f  ethanol. However, 
t h e  p o s i t i o n  o f  e thano l  producers grows more tenuous w i t h  each year as t h e  
p r o f i t a b i l i t y  r a t i o  (RATIO) -- t h e  r a t i o  o f  t h e  p r i c e  o f  a l c o h o l  t o  t h e  
p r i c e  o f  gasol ine p lus  subsid ies -- r i s e s  from a Low o f  .750 i n  1982 t o  .994 
i n  199,. N o t i n g  a g a i n  t h a t  RATIO must be l ess  than or  equal t o  1.00 f o r  
p r o f i t a b l e  p r o d u c t i o n  o f  ethanol ,  t h e  .994 RATIO i n  1995 i m p l i e s  t h a t  
e t h a n o l  p l a n t s  must be r u n n i n g  a t  t h e  maximum l e v e l  o f  e f f i c i e n c y  o f  t he  
p l a n t ' s  i npu t  parameters t o  be p ro f i t ab le .  The major reason f o r  t h e  r i s i n g  
RATIO i s  a  f a l l  i n  the  r e a l  value o f  the  fede ra l  and s t a t e  subsidies. The 
value i n  1982 d o l l a r s  o f  the  subsid ies g iven i n  1995 i s  42 cents, which i f  
g i v e n  i n  1982 would y i e l d  a  RATIO o f  0.975. An a d d i t i o n a l  reason f o r  the  
r i s i n g  RATIO i s  t h e  increase i n  t he  p r i c e  o f  corn caused by the  use o f  c o r n  
f o r  ethanol  production. 

I n  compar ison t o  a  r u n  o f  C A M  ( n o t  presented) w i th  subsid ies se t  a t  
zero, the  1995 base case p r i ces  per bushel f o r  corn, wheat, and soy, a r e  54 
c e n t s  h igher,  3 8  cents lower, and 12 cents h igher respect ively.  The p r i c e  
o f  soy p r i c e  i s  Lower due t o  t h e  i n c r e a s e d  s u p p l y  o f  soy  e q u i v a l e n t  
by-products.  An add i t i ona l  10 m i l l i o n  acres i s  p lan ted i n  corn, o f  which 8  
m i l l i o n  ac res  came f rom soy, 1  m i l l i o n  f rom wheat, and 1  m i l l i o n  f rom 
increased t o t a l  acreage planted. 

Svmmarr 
This study examines the  lonq-run ~ r o f i t  ~ o t e n t i a l  f o r  ~ r o d u c i n ~  f u e l  

e t h a n o l ,  u s i n g  c o r n  as a  f e e i s t o c k .  ~ h e . m o d e l  b u i l t  t o  address  t h i s  
quest ion  e x p l i c i t l y  considers t he  ethanol p lan t  costs, subsid ies f o r  ethanol 
use, and t h e  impac ts  o f  e t h a n o l  p r o d u c t i o n  on a g r i c u l t u r a l  p r i c e s .  A 
macroeconomic forecast ,  and a  set o f  p r i ces  consistent  w i t h  t h a t  forecast, 
necessary  t o  d r i v e  t h e  d e t a i l e d  mode l  a r e  s u p p l i e d  b y  t h e  INFORUM 
i nput-output model. 

I f  t h e  r e a l  p r i c e  o f  crude o i l  remains cons tan t  ( o r  f a l l s ) ,  t h e  
long-run out look f o r  e t h a n o l  p r o d u c t i o n  i s  somewhat mixed. S u b s t a n t i a l  
f e d e r a l  and s t a t e  s u b s i d i e s  make ethanol  p r o f i t a b l e  through 1995, ba r r i ng  
any exogenous shocks t o  t h e  market. Wi th  t h e  f a i r l y  Low p r o f i t a b i l i t y  
r a t i o ,  f i r m s  c u r r e n t l y  p roduc ing  e t h a n o l  shou ld  c e r t a i n l y  be e a r n i n g  
subs tan t i a l  p r o f i t s .  However, i n  t he  fo recast  the  d e c l i n i n g  r e a l  va lue  o f  
the  subsid ies r a i s e  the  p r o f i t a b l i l i t y  r a t i o  t o  the  breakeven po in t  by 1995. 



A c o n t i n u a t i o n  o f  t h i s  t rend,  evident  i n  the  Table 1, uould leave ethanol 
unp ro f i t ab le  t o  produce a f t e r  1996. I n  addit ion, as the  r a t i o  r i s e s  touards 
1.00 t h e  s i z e  o f  market shock necessary  t o  make e t h a n o l  u n p r o f i t a b l e  
d im in i  shes. 
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