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PREFACE 

In recent years, it has been of considerable interest for 
energy demand and supply analysts to study the linkage of energy 
and economy and its behavior over the long run. A common fea- 
ture of such investigations is the high level of aggregation of 
the models, which seem to be the more highly aggregated the 
longer the time horizon they consider. This phenomenon may 
largely be due to the uncertain nature of the relationship 
between the various economic sectors as well as to our inability 
to anticipate in sufficient detail the numerous factors that are 
necessary for a long-term analysis. 

In order to evaluate global long-term energy strategies, 
IIASA's Energy Systems Program has developed a comprehensive set 
of energy models. One model in this set is INTERLINK, which is 
presented in this paper. INTERLINK can be described as an input- 
output system of the Leontief type, providing useful informa- 
tion on the behavior of macroeconomic indicators. 

This model is an attempt to balance the high level of ag- 
gregation in the model set, by introducing a fair amount of dis- 
aggregation in the economic sectors. In particular, it serves 
to determine the most important characteristics of the relation- 
ships between various economic sectors and future energy demand. 
Over and above, it is also of a more general interest to the 
energy modeler to obtain feedback on a given energy supply 
strategy, which the model also provides. 



ABSTRACT 

The INTERLINK model i s  a  dynamic l i n e a r  model  s i m u l a t i n g  
deve lopmen t  o f  a  n a t i o n a l  o r  r e g i o n a l  economy a s  a  who le .  

The o b j e c t i v e  o f  t h e  model i s  t o  p r o v i d e  p r o j e c t i o n s  ~ f  
t h e  p o t e n t i a l  l c n g - t e r m  economic  deve lopmen t  o f  a  r e g i o n  o r  a  
n a t i o n  u n d e r  v a r i o u s  a s s u m p t i o n s  on  t h e  p r e s e n t  a n d  t h e  p o t e n -  
t i a l  f u t u r e  s t r u c t u r e s  o f  t h e  o v e r a l l  s y s t e m .  The model  allows 
o n e  t o  e v a l u a t e  t h e  p o t e n t i a l  economic g r o w t h  o f  a r e g i o n  o r  a 
n a t i o n  w i t h i n  a n d  a f t e r  t h e  t r a n s i t i o n  p e r i o d  ( . i . e . ,  t h e  c h a n g e  
f rom t h e  u s e  o f  c o n v e n t i o n a l  t o  n o n c o n v e n t i o n a l  e n e r g y  s o u r c e s ) ,  
t o  d e s c r i b e  t h e  i n t e r n a l l y  c o n s i s t e n t  o p e r a t i o n  o f  s e v e r a l  p ro -  
d u c t i o n  sectors, t o  p r o v i d e  i n f o r m a t i o n  r e q u i r e d  f o r  e n e r g y  de -  
mand p r o j e c t i o n s ,  a n d  t o  i d e n t i f y  l i m i t i n g  f a c t o r s  i n  t h e  d e v e l -  
opment  o f  r e g i o n a l  economies .  

The model  i s  a  dynamic i n p u t - o u t p u t  L e o n t i e f  s y s t e m  w i t h  
a  set o f  v a r i a b l e s ,  s u c h  a  GNP, e x p o r t ,  i m p o r t ,  employment,  
i n v e s t m e n t ,  a n d  f i n a l  c o n s u m p t i o n ,  g i v e n  b o t h  a s  t o t a l s  and  by 
sectors. S t r u c t u r a l  p a r a m e t e r s ,  s u c h  a s  t e c h n o l o g i c a l  and  
c a p i t a l  c o e f f i c i e n t s ,  f i n a l  consumpt ion  p r o f i l e  v e c t o r s ,  a n d  
l a b o r - o u t p u t  r a t i o s ,  a r e  e x o g e n e o u s l y  c h a n g e a b l e  o v e r  t i m e .  

The model c a n  b e  u s e d  b o t h  as a n  o p t i m i z a t i o n  model ,  w i t h  
v a r i o u s  a s s u m p t i o n s  on t h e  o b j e c t i v e s  o f  a  g i v e n  n a t i o n  o r  re- 
g i o n  i n  t h e  t r a n s i t i c n  p e r i c d ,  and  a s  a s i m u l a t i o n  model ,  w i t h  
assumed g r o w t h  r a t e s  f o r  v a r i c u s  p r o d u c t i o n  s e c t o r s  a n d  f i n a l  
c o n s u m p t i o n .  

A s  a r e s u l t ,  t h e  model  p r o v i d e s  e s t i m a t e s  o f  GNP, f i n a l  
c o n s u m p t i o n ,  and  i n v e s t m e n t  c h a n g i n g  o v e r  t i m e ,  f o r  a r e g i o n a l  
e n e r g y  s y s t e m  deve lopment  s t r a t e g y  u n d e r  c o n s i d e r a t i o n .  
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INTERLINK, AN INTERINDUSTRIAL MODEL FOR 
SIMULATING A BALANCED REGIONAL ECONOMIC 
DEVELOPMENT AND ITS LINKS TO IIASA'S SET 
OF ENERGY MODELS 

Igor Zimin 

INTRODUCTION 

INTE9LINK is a dynamic linear model for simulating a 
balanced long-range development of a national or regional econ- 
omy. It has been developed in IIASA's Energy Systems Program 
on the basis of a dyna~ic interindustrial input-output model 
(Ivanilov and Petrov 1970). The original model was modified 
and adjusted to meet the specific needs of the energy systems 
studies at IIASA. Major adjustments were the adaptation of the 
model to long-term considerations and its use as an operational 
link to other models developed for a detailed energy systems 
analysis. This to some extent explains the name of the model: 
INTERLINK. 

The main reason for introducing a dynamic input-output 
model such as INTERLINK into the set of energy models was the 
necessity to consider the regional energy supply system devel- 
opment in a close relation to the operation of other economic 
sectors. Sectoral considerations are necessary because the 
energy sector supplies all other producing sectors with differ- 
ent kinds of energy and, in turn, consumes various productions 
of these sectors in the form of raw materials, capital, and 
manpower. 

The Leontief input-output analysis seems to be a useful 
methodological approach since it provides economic balance be- 
twaen production sectors. At the same time, with the statisti- 
cal data usually available it currently is the most convenient 
method tc use. 
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F i g u r e  1 .  A p r o f i l e  of I I A S A ' s  s e t  of energy  m o d e l s .  
A r r o w s  1 -5  a r e  exp la ined  i n  t h e  t e x t .  



The INTERLINK model i s  more h i g h l y  a g g r e g a t e d  t h a n  o t h e r  
comparable models  (Uni ted  Na t ions  1977,  U N I D O  1 9 7 7 ) ;  f o r  example,  
t h e  e n t i r e  economy i s  s e p a r a t e d  i n t o  1 7  p r o d u c t i o n  s e c t o r s .  
Because o f  t h e  h i g h  a g g r e g a t i o n  of  t h e  economic i n d i c a t o r s ,  t h e  
model i s  n o t  e x p e c t e d  t o  p r o v i d e  d i r e c t  e n e r g y  demand e s t i m a t e s  
b c t  r a t h e r  t o  g e n e r a t e  i n p u t s  f o r  e n e r g y  demand models  i n  terms 
of  t h e  v a l u e  added and t h e  energy  f l o w s  t o  v a r i o u s  i n d u s t r i a l  
s e c t o r s .  

I n  g e n e r a l  INTERLINK a s  such can  b e  c o n s i d e r e d  an indepen-  
d e n t  model. However, i n  o u r  s t u d i e s  w e  p u r p o s e f u l l y  used  it a s  
a  l i n k  between a  s i n g l e  s e c t o r a l  e c o n o m e t r i c  model YACRO 
(Rogner 1 9 7 7 ) ,  t h e  energy  demand models YUSE an2  MEDEE-2 
( L a p i l l o n n e  1 9 ? 8 ) ,  and t h e  IMPACT model (Kononov and Por 1979)  
t o  e s t i m a t e  d i r e c t  and i n d i r e c t  c o s t s  a s  w e l l  a s  inves tment  and 
manpower r e q u i r e m e n t s  f o r  t h e  development  o f  t h e  e n e r g y  s e c t o r .  
The p l a c e  of  INTERLINK i n  IIASA's se t  o f  e n e r g y  models  i s  
v i s u a l i z e d  by F i g u r e  1. The i n d i v i d u a l  l i n k s  between t h e  
mor2els a r e  b r i e f l y  d e s c r i b e d  below. 

* 
1. MACRO i n p u t s  t o  INTERLINK a r e  GNP , p e r s o n a l  and 

government  consumpt ions ,  employment, and l a b o r  produc- 
t i v i t y .  The f i r s t  f o u r  i n p u t s  s h o u l d  b e  unders tood  a s  
b e i n g  s c e z a r i o  t a r g e t s  t h a t  a r e  d e s i r a b l e  t o  r e a c h  b u t  
t h a t  can  n o t  n e c e s s a r i l y  be  a c h i e v e d  i n  a  ba lznced  
econamic development .  

2 .  INTERLINK feedback o u t p u t s  t o  MACRQ i n c l u d e  t h e  s a n e  
v a r i a b l e s  a s  1. The v a l u e s  o b t a i n e d  a r e  t h o s e  r e s u l t s  
of t h e  INTERLINK r u n  t h a t  can i n  f a c t  be ach ieved  by 
an  economy under a  g i v e n  e n e r g y  sys tem development 
s t r a t e g y .  They may d i f f e r  from c o r r e s p o n d i n g  t a r g e t  
v a l u e s  p rov ided  by 1. Such d e v i a t i o n s  nay  s e r v e  as  
a  b a s i s  f o r  g e n e r a t i n g  a  new s c e n a r i o  o f  eccnomic de- 
velopment  i n  MACRO by changing t h e  model p a r a m e t e r s ,  
such a s  s h a r e  of i n v e s t m e n t ,  c a p i t a l - o u t p u t  r a t i o ,  
and o t h e r s .  

3 .  INTERLINK p r o v i d e s  t h e  f o l l o w i n g  i n ~ u t s  t o  t h e  MUSE 
model:  G N P ,  v a l u e  added by s e c t o r ,  and e n e r g y  d e ~ a n d  
p a t t e r n  p e r  end-sse  c a t e g o r i e s .  These v a l u e s  can be  
o b t a i n e d  from INTERLINK a f t e r  one  i t e r a t i o n  of t h e  
model se t .  

4 .  The f o l l o w i n g  ~ ~ a l u e s  a r e  i n p u t s  from INTERLINK t o  
MEDEE-2: G N P  and t o t a l  i n v e s t m e n t  on t h e  one hand; 
t o t a l  p e r s s n a l  and government consumpt ions ,  v a l ~ e  
added ,  i n v e s t m e n t ,  c o n s u n p t i o n  and g r o s s  o u t p u t s  on 
t h e  o t h e r  hand a r e  g i v e n  by s e c t o r s .  

5 .  The IMPACT model p r o v i d e s  INTERLINK w i t h  d i r e c t  c o s t s ,  
d i r e c t  i n v e s t m e n t ,  and d i r e c t  manpower r e q u i r e d  f o r  
d e v e l o p i n g  t h e  energy  s e c t o r s  o f  a n  economy. 

*Yerc t h e  t e r m  GNP i s  a l s o  u s e d  t o  d e s c r i b e  a  g r o s s  
r e g i o n a l  p r o d u c t .  



All these links are given in dynamic form, i.e. all input 
ilnd output variables are represented as functions of time over 
a planning horizon. 

In addition, it is in principle possible to link the INTER- 
LINK model to any model that considers in detail operation of 
a particular industrial sector. For example, instead of MESSAGE, 
the Hungarian agricultural model HAM (Csakr 1978,1979) could be 
linked to INTERLINK, for a better representation of technologi- 
cal changes in the agricultural sector (serving as inputs to 
INTERLINK), in order to evaluate the long-term impact of agri- 
cultural development on the economy. Another example is to 
explicitly represent natural resources constraints in INTERLINK. 
This can be done either by aggregation of outputs of ENERDYM 
(Energy Resources Dynamic Model (Grenon and Zimin 1977)) or by 
direct use of the W E M M  data base (Grenon and Eapillonne 1976). 

At this point, a few general comments are in order with 
respect to the application of INTSRLINK and its structure. 

The general point, which one should never misunderstand 
when dealing with the modeling of reality, is the man-machine 
interaction. In the case of INTERLINK--and because of its ob- 
jectives--intuition, experience, and reasoning provided by 
people working with the model are specifically important. The 
reason for that is the complexity of the object to be modeled; 
that is the national economy as a whole. The core of the model 
is a purely logical structure representing a formalization of 
basic balances of economic aggregates. Basic feedbacks between 
these indicators, which are dependent on human behavior by way 
of certain economic mechanisms and administrative and political 
decisicns, are intentionally left to the users of the model. 
This is done not because such fonr,alized patterns are lacking 
or inappropriate, but in order to make the use of the model more 
flexible. On the one hand, this means that the user may intro- 
duce various informal structures (say, qualitative description 
of price generation mechanisms in a period beyond the year 2000) 
or changes in the profile of final personal and government con- 
sumption or formalized submodels simulating human behavior (for 
example, relationships between personal income and personal con- 
sumption profiles). On the other hand, the model should be 
flexible in the sense that it can be adapted for future research 
at IIASA or elsewhere. 

The other major observation is that the model does not aim 
at forecasting future economic development but rather at invest- 
igating the consequences of various assumptions or various 
scenarios of this development. This assumes the following two- 
step process of interactive use of the model (Figure 2). 

1. Start with initial assumptions (scenarios) expressed 
by particular values of the model's exogenous param- 
eters. Some of the exogenous variables represent 
socalled target values, for instance, certain levels 
of GNP, personal consumption, etc. 
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Figure 2. Interactive use of the INTERLINK model. 



2. Run the model and compare the results it generates with 
the corresponding target values. Stop if the results 
obtained are satisfactory compared with the scenario 
inputs (assumptions); or otherwise change the initial 
assumptions (i.e. the exogenous inputs) and continue. 

Thus the target values serve to drive the model, and both the 
results obtained and the modifications of the initial assump- 
tions are major outputs. By results we mean qualitative changes 
in economic aggregates rather than merely quantitative changes. 

Consider, fcr example, the following problem: how will 
certain alternative energy systen developments influence the 
final consum~tion patterns in an economy? This question pre- 
determines the variables to be used in the model structure. In 
that case, the following nacro-economic variables are given 
exogenously: 

-- expected GNP, 
-- expected total personal and goverrment consumptions 

expenditures, 
-- demographic variables in terms of potential labor sup- 

ply or maximun employment, -- technological changes in terms of input and output, 
capital coefficients, capital-cutput ratios znd labor- 
output ratios (by sector) changing over time, 

-- change of relative prices by sector and over time, 
-- exports and imports by sector and over time, 
-- change of personal consumption and government expen- 

diture profiles over time, 
-- capital depreciation factors, and 
-- change of capital and labor prcductivity. 

Given these exogenous variables, one can use the model to cal- 
culste endogenously the values of the following macroeconomic 
indicators for each production sector and over time: 

-- gross outputs, 
-- capital stocks, 
-- investmsnt goods, 
-- final personal and government consumptions, and 
-- value added, 

as well as their aggreyates: 

-- GNP , 
-- total investment goods, 
-- total personal eonsumption, 
-- total government consumption, 
-- total capital stock, 
-- actual employment, and 
-- capital-output ratio for the entire economy. 



1.1. Objectives and Basic Characteristics of the Yodel 

The main objectives of INTERLINK can be summarized as 
follows: 

-- to evaluate potential regional economic growth within 
and after the transition period (15-60 years from now); -- to provide internal consistency of the operation among 
various production sectors of the modeled regional 
economy; 

-- to provide information on development and operation of 
various industrial sectcrs for estimating the potential 
energy demand; and -- to identify limiting factors in the development of re- 

gional economies in the transition period. 

The basic characteristics of INTERLINK are the following: 

-- the model is dynamic and linear; 
-- it is flexible in the sense of having the opp~rtunity 

to use various objective functions, various assumptions 
about production structure (1-0 and capital coeffi- 
cients, capital-output and labor-output ratios), final 
consumption structure and various sectoral representa- 
tions of the production system; -- the modzl is highly aggregated; 

-- the model does not explicitly take into account mecha- 
nisms ~f control by economic sectors, ownership, or 
redistribution of goods among various population groups; 
and -- due to the last two prcperties the model is easily ad- 
justable and can be applied to both centrally planned 
and market economies, as well as to developed and 
developing economies. 

The next sections contain detailed descriptions of the 
model relationships (Section 2 ) ,  the structure of the basic 
model actually used in simulation experiments (Section 3 ) ,  link- 
ages to other models of IIASA's set of energy rr.odels (Section 4 1 ,  
computerization of INTERLINK (Section 5 ) ,  and an example illu- 
strating the application of the model (Section 6). 

2. MAJOR ECONOMIC RELATIONSHIPS DESCRIBED SY THE YODEL 

The model describes four basic processes taking place in 
any regional economy: production, distribution of goods pro- 
duced, capital stock dynamics, and final ccnsumption. The 
operation of any sector requires capital stock, labor, and in- 
termediate goods inputs. The output of any sector and goods 
imported by an economy are distributed among investment, export, 
government and personal consumptions, and intermediate goods 
supply. The time-lagged relationships capture delays between 
investment and a corresponding increase in fixed capital stock. 



2 . 1 .  P r o d u c t i o n  and D i s t r i b u t i o n  Subsystem 

A l l  v a r i a b l e s  i n  t h e  model a r e  measured i n  a v e r a g e  a n n u a l  
v a l u e s .  Opera t ion  of  a  r e g i o n a l  p r o d u c t i o n  sys tem is d e s c r i b e d  
i n  t e r m s  of N produc ing  s e c t o r s .  L e t  

x i ( n )  be t h e  g r o s s  o u t p u t  ( p r o d u c t i o n  l e v e l )  o f  s e c t o r  i ,  

1 = 1 , 2 , . . . , N ;  

N be t h e  t o t a l  number o f  s e c t o r s ;  

a  ( n j  be t h e  i n p u t - o u t p u t  c o e f f i c i e n t s ;  
i j  
h- ( n )  be t h e  n e t  o u t p u t  i n  s e c t o r  i; 
1 

n  be t h e  i n d e x  of  t h e  c u r r e n t  time p e r i o d ,  

n  = 1 , 2 ,  ..., T; and 

T be t h e  l e n g t h  o f  t h e  p l a n n i n g  h o r i z o n  o r  t h e  t o t a l  
number of  t i m e  p e r i o d s .  

Below w e  assume t h a t  e a c h  t i m e  p e r i o d  i s  e q u a l  t o  A t  y e a r s  ( f o r  
i n s t a n c e ,  A t  = 5 y e a r s ) .  Thus t h e  a c t u a l  t i m e  h o r i z o n  c o n s i d e r e d  
i n  t h e  model e q u a l s  T A t  y e a r s .  

The b a l a n c e  e q u a t i o n  d e s c r i b i n g  d i s t r i b u t i o n  o f  goods  be- 
tween i n t e r m e d i a t e  and f i n a l  u s e s  ( n o t  o u t p u t )  i s  a s  f o l l o w s :  

( n )  x .  ( n )  + h i ( n )  . 
1 3 

The b a s i c  assumpt ion  made h e r e  is  t h a t  i n t e r m e d i a t e  consumption 
i n  each s e c t o r  i s  p r o p o r t i o n a l  t o  t h e  g r o s s  o u t p u t  of  t h e  sec-  
t o r .  Net o u t p c t ,  i n  t u r n ,  is  subd iv ided  i n t o  i n v e s t m e n t  goods,  
2 e r s o n a l  consumption ( h o u s e h o l d ) ,  government consumpt ion,  ex?or t  
and impor t :  



where 

f  Ij ( n )  = i n v e s t m e n t  goods from s e c t o r  j ( c a p i t a l  i n v e s t -  
ment by o r i g i n )  ; 

= t h e  amount of goods from s e c t o r  i g o i n g  t o  t h e  
new c a p i t a l  s t o c k  c r e a t e d  d u r i n g  p e r i o d  number 
n  (which migh t  n o t  be booked a s  f i x e d  c a p i t a l  
s t o c k  i n  t h i s  p e r i o d  because  o f  c o n s t r u c t i o n  
t i m e  l a g s ) ;  

P 
W . ( n )  = gcods  f o r  p e r s o n a l  consumption;  

3 
G W . ( n )  = goods f o r  government consumption;  
7 

e .  ( n )  = e x p o r t  o f  goods ;  and 
7 

m .  ( n )  = i m ~ o r t  o f  goods.  
3 

P r o d u c t i o n  i n  e a c h  s e c t o r  and f c r  each  t i m e  p e r i o d  i s  l i m i t e d  
by t h e  p r o d u c t i o n  c a p a c i t i e s  and l a b o r  a v a i l a b l e :  

where 

ci ( n )  = p r o d u c t i o n  c a p a c i t y  i n  s e c t o r  i ;  

1 .  ( n )  = l a b o r - o u t p u t  r a t i o  ( l a b o r  r e q u i r e d  t o  pro-  
1 duce  a u n i t  o f  o u t p u t )  ; and 

L~~~ ( n )  = t o t a l  l a b o r  f o r c e  a v a i l a b l e .  

E q u a t i o n  ( 2 . 4 )  assumes f o r  each  s e c t o r  t h a t  l a b o r  r e q u i r e m e n t s  
a r e  p r o p o r t i o n a l  t o  g r o s s  p r o d u c t i o n  o u t p u t s .  The p r o d u c t i o n  
c a p a c i t y  a v a i l a b l e  a t  any g i v e n  t i m e  p e r i o d  i s  assumed t o  b e  
p r o p o r t i o n a l  t o  t h e  t o t a l  g r o s s  f i x e d  c a p i t a l  s t o c k  i n  t h e  c o r -  
r e s p o n d i n g  s e c t o r - a t  t h e  same t i m e  p e r i o d :  



where 

B i ( t )  = c a p i t a l - o u t p u t  r a t i o  i n  s e c t o r  i; 

K i ( t )  = f i x e d  c a p i t a l  s t o c k  ( c o n s i s t i n g  o f  d u r a b l e  
goods ,  such  a s  b u i l d i n g s ,  p l a n t s ,  and machi- 
ne ry )  i n  s e c t o r  i a t  t h e  b e g i n n i n g  o f  t i m e  
p e r i o d  t ;  

A K i ( t )  = new f i x e d  c a p i t a l  s t o c k  c r e a t e d  i n  s e c t o r  i 
d u r i n g  t i m e  p e r i o d  t. 

By c a p i t a l - o u t p u t  r a t i o  h e r e  w e  mean ave rage  c a p i t a l - o u t p u t  
r a t i o  which is d e f i n e d  a s  t h e  t o t a l  ( non -dep rec i a t ed )  c a p i t a l  
s t o c k  d i v i d e d  by t o t a l  p r o d u c t i o n  c a p a c i t y .  

2 . 2 .  F ixed C a p i t a  1 S tock  Dynamics 

The dynamics o f  f i x e d  c a p i t a l  s t o c k  o v e r  time c a n  b e  w r i t -  
t e n  a s  fo l lows :  

where 

p i  (n )  = d e p r e c i a t i o n  f a c t o r .  

W e  assume t h a t  t h e  d e p r e c i a t i o n  i s  p r o p o r t i o n a l  t o  t h e  t o t a l  
f i x e d  c a p i t a l  s t o c k  o f  a  co r r e spond ing  s e c t o r .  

I n i t i a l  c a p i t a l  s t o c k  i s  g i v e n  by 

The i n c r e a s e  i n  f i x e d  c a p i t a l  s t o c k  i s  a  r e s u l t  o f  c o n s t r u c t i o n  
under taken  a  few y e a r s  b e f o r e .  The fo l l owing  t ime- lagged equa- 
t i o n  shows t h e  r e l a t i o n s h i p  between c o n s t r u c t i o n  and i n c r e a s e  
i n  f i x e d  c a p i t a l  s t o c k :  



where 

z i ( n )  = new c a p i t a l  s t o c k  s t a r t e d  t o  b e  b u i l t  up i n  
t i m e  p e r i o d  n ;  and  

T = number o f  t i m e  p e r i o d s  c o r r e s p o n d i n g  t o  t h e  i c o n s t r u c t i o n  t i m e  i n  s e c t o r  i. 

I f  c o n s t r u c t i o n  o f  new c a p a c i t i e s  i n  s e c t o r  i r e q u i r e s  less t h a n  
A t  y e a r s ,  t h e n  r i  = 0. C r e a t i o n  of  new f i x e d  c a p i t a l  s t o c k  re- 

q u i r e s  i n v e s t m e n t  goods  d u r i n g  t h e  whole  p e r i o d  o f  c o n s t r u c t i o n .  
These  i n v e s t m e n t  goods  a r e  e x p r e s s e d  i n  t e r m s  o f  i n p u t s  o f  goods  
( o r  r e s o u r c e s )  p roduced  by v a r i o u s  s e c t o r s  a s  f o l l o w s :  

where 

Y .  ( n )  = i n v e s t m e n t  goods  used  i n  s e c t o r  i a t  t i m e  
1 p e r i o d  n  ( c a p i t a l  i n v e s t m e n t  goods by d e s t i -  

n a t i o n )  ; 

b j i ( n )  = s h a r e  o f  s e c t o r  j i n  t h e  i n v e s t m e n t  goods  
r e q u i r e d  t o  b u i l d  up a u n i t  o f  c a p i t a l  s t o c k  
i n  s e c t o r  i ( d u r i n g  t h e  t i m e  p e r i o d  number n )  . 

The l i n k  be tween Z ( n )  and  Y ( n )  is: 

w i t h  

i a = s h a r e  of  i n v e s t m e n t  goods  needed j A t  y e a r s  a f t e r  
t h e  b e g i n n i n g  o f  c o n s t r u c t i o n  i n  s e c t o r  i. 



Equa t ion  ( 2 . 3 )  assumes t h a t  t h e  r e s o u r c e s  r e q u i r e d  f o r  c o n s t r u c -  
t i o n  a r e  p r o p o r t i o n a l  t o  a  new c a p i t a l  s t o c k  t o  be  c r e a t e d  and 
t h a t  t h e i r  amount may v a r y  o v e r  t h e  c o n s t r u c t i o n  t ime .  The r a t e  
a t  which new c a p i t a l  s t o c k  i s  c r e a t e d  i n  each  s e c t o r  i s  assumed 
t o  b e  l i m i t e d  by t h e  s c a l e  of s e c t o r a l  development ,  and i s  
e q u a l  t o  a  c e r t a i n  s h a r e  o f  c a p i t a l  s t o c k  a v a i l a b l e  i n  t h e  same 
s e c t o r .  The l a t t e r  i s  e x p r e s s e d  m a t h e m a t i c a l l y  a s  f o l l o w s :  

w h e r e  

6  = t h e  maximal p o t e n t i a l  growth r a t e  o f  c a p i t a l  
i s t o c k .  

I n t r o d u c t i o n  o f  c o e f f i c i e n t s  6i r e f l e c t s  a  c e r t a i n  i n e r t i a  f o r  
c a p i t a l  i n v e s t m e n t  r e d i s t r i b u t i o n  w i t h i n  n a t i o n a l  economies;  and  
t h u s  p e r m i t s  a  h i g h  l e v e l  o f  a g g r e g a t i o n  o f  economic i n d i c a t o r s  
w i t h o u t  n e c e s s i t a t i n g  d e t a i l e d  c o n s i d e r a t i o n  o f  t h e  q u i t e  com- 
p l i c a t e d  i n v e s t m e n t  and f i n a n c i a l  mechanisms c a u s i n g  t h i s  
i n e r t i a .  

2 . 3 .  GNP Bounds 

G N P ,  p e r s o n a l  and government  consumption l e v e l s  a r e  con- 
s i d e r e d  a s  s c e n a r i o  i n p u t s ,  i . e .  a s  exogenous v a r i a b l e s ,  t o  t h e  
model.  A l l  t h e s e  v a r i a b l e s  d e s c r i b e  " d e s i r e d "  o r  e x p e c t e d  
s t a t e s  of  a n  economic sys tem o v e r  a  p l a n n i n g  h o r i z o n .  T h i s  
means t h a t  i n t e r n a l  c o n t r o l s  ( f o r  example, t h e  d i s t r i b u t i o n  of 
goods produced between i n v e s t m e n t  and  consumption) s h o u l d  be  
such t h a t  t h e  c o r r e s p o n d i n g  economic i n d i c a t o r s  c a n  i n  f a c t  ap- 
proach these d e s i r e d  v a l u e s .  

I n  t h i s  v e r s i o n  of t h e  model ,  t h i s  i s  done a s  f o l l o w s .  
For  e a c h  t i m e  p e r i o d ,  upper  and lower bounds of  G N P  a r e  g i v e n  



where 

A 
GNP(n) g i v e n  by t h e  GNP l e v e l  s u g g e s t e d  by t h e  

s c e n a r i o ;  

GNP ( n )  t h e  endogenously d e t e r m i n e d  GNP, i . e. t h e  
l e v e l  a c t u a l l y  a c h i e v a b l e  i n  a  c o n s i s t e n t  and 
b a l a n c e d  economic development:  

~ ( n )  t h e  t o l e r a n c e  i n  approach ing  t a r g e t  v a l u e s .  

* 
2 . 4 .  P e r s o n a l  a n d  Government Consumptions 

I t  i s  assumed t h a t  s i m u l a t e d  p e r s o n a l  and  government  con- 
sumpt ion  l e v e l s  c a n n o t  exceed t h e i r  s c e n a r i o  l e v e l s  f o r  each 
t i m e  p e r i o d  and f o r  e a c h  t y p e  o f  goods produced.  

where 

^ P  ^ G  
W .  ( n )  and W .  ( n )  = g i v e n  ( s c e n a r i o )  p e r s o n a l  and 

3 3 government consumpt ions  of p r o d u c t  j .  

I n s t e a d  o f  u s i n g  t h e  v a l u e s  on t h e  r i g h t - h a n d  s i d e s  of  ( 2 . 1 2 )  
and ( 2 . 1 3 1 ,  it i s  c o n v e n i e n t ,  f rom t h e  p o i n t  of view o f  con- 
v e n t i o n a l  s t a t i s t i c s ,  t o  c o n s i d e r  c e r t a i n  p r o f i l e s  of p e r s o n a l  
and government  consumption {DP, ( n )  1 and {DG, ( n )  1 a s  w e l l  a s  

J P ' G 
t h e i r  t o t a l s  f o r  e a c h  t i m e  p e r i o d  WTOT ( n )  and wTOT ( n )  . 

*The terms used h e r e  c o r r e s p o n d  t o  p r i v a t e  consumption and 
aovernrnent exwendit l l re .  



By d e f i n i t i o n ,  t h e  p r o f i l e s  o f  f i n a l  p e r s o n a l  or  government  
consumpt ion  a r e  v e c t o r s  whose components  a r e  s h a r e s  o f  g o o d s  i n  
t h e  t o t a l  consumpt ion ,  i . e .  

Tak ing  i n t o  a c c o u n t  E q u a t i o n s  (2 .14 )  and  ( 2 . 1 5 )  p w e  may s e b s t i -  
t u t e  new s c e n a r i o  v a r i a b l e s  { DP . ( n )  ) , { DG . ( n )  ) ,WTOT ( n )  , WTOT ( n )  

3 3 
i n t o  t h e  r i g h t - h a n d  s i d e s  o f  ~ q u a t i o n s  (2 .12 )  and  ( 2 . 1 3 ) .  Thus 
w e  o b t a i n  t h e  f o l l o w i n g  c o n s t r a i n t s :  

P  ^ P  
W j  ( n )  < DP. ( n )  - wTOT ( n )  , - 3 

G 
W j  ( n )  D G .  ( n )  . "G 

3 W T O T ( n )  

The r e a s o n  f o r  t h i s  s u b s t i t u t i o n  i s  t h a t  i t  i s  e a s i e r  f o r  econ-  
o m i s t s  t o  e v a l u a t e  c h a n g e s  i n  f i n a l  consumpt ion  p r o f i l e s  and  
t o t a l  v a l u e s  o f  f i n a l  consumpt ion  r a t h e r  t h a n  t o  p r e d i c t  
( a b s o l u t e )  c o n s u ~ p t i o n  v a l u e s  o f  g o o d s  p roduced  by i n d i v i d u a l  
s e c t o r s .  

W e  c a n  s i m p l i f y  t h e  model f u r t h e r  by assuming t h a t  f i n a l  
p e r s o n a l  a n d  government  consumpt ions  o f  g o o d s  a r e  p r o p o r t i o n a l  
t o  t h e i r  s h a r e s  i n  t h e  t o t a l  consumpt ion ,  a n d  t h e n  c o n s i d e r  
t o t a l  f i n a l  consumpt ion  less i n v e s t m e n t  and  less n e t  e x p o r t  a s  
a  v a r i a b l e  i n  t h e  model:  ( T h i s  i s  r e f e r r e d  t o  a s  consumpt ion  
i n  t h e  f o l l o w i n g  and  i s  d e n o t e d  by  W .  ( n )  . )  

3 

where 



P  G 
F o r  any  g i v e n  W .  ( n )  o n e  c a n  e a s i l y  c a l c u l a t e  W .  ( n )  and  W .  ( n )  a s  
f o l l o w s :  3 3 3 

where  

^P 
DP. ( n )  -WTOT (n 

A .  ( n )  = G I 

3 D P . ( n ) - W P  ( n ) + D G . ( n ) * i T O T ( n )  
3 TOT 3 

2 . 5 .  O b j e c t i v e  F u n c t i o n  

W e  i n t r o d u c e  a n  o b j e c t i v e  f u n c t i o n  a s  f o l l o w s :  

F  =x C w j ( n )  - max 

n = l  j=1  

T a k i n g  i n t o  a c c o u n t  E q u a t i o n s  ( 2 . 1 8 a )  , ( 2 . 2 0 )  a n d  ( 2 . 2 2 )  , maxi- 
m i z a t i o n  o f  ( 2 . 2 3 )  means t h a t  t h e  o b j e c t i v e  o f  t h e  model i s  t o  
a p p r o a c h ,  a s  c l o s e l y  a s  p o s s i b l e ,  b u t  w i t h o u t  e x c e e d i n g  t h e i r  
u p p e r  bounds ,  t h e  g i v e n  f i n a l  p e r s o n a l  and  gove rnmen t  consump- 
t i o n  l e v e l s  (see E q u a t i o n  2 . 1 8 ) ) .  

T h i s  form o f  p r o b l e m  s t a t e m e n t ,  i .e . ,  a s  a  p rob lem o f  t h e  
b e s t  f i t  t o  c e r t a i n  s c e n a r i o  pa rame te r s ,  i s  a d v a n t a g e o u s  i n  t h a t  
t h e  problem as  a w h c l e  r e m a i n s  o n e  o f  dynamic l i n e a r  program-- 
ming (DLP) ( P r o p o i  1 9 7 6 ) ,  wh ich  c a n  b e  s o l v e d  by c o n v e n t i o n a l  
LP a l g o r i t h m s  o r  by a l g o r i t h m s  t h a t  employ c h a r a c t e r i s t i c s  of  
dynamic c o n s t r a i n t s  ( P r o p o i  a n d  Kr ivonozhko 1 9 7 8 ) .  

Now w e  c a n  r e p h r a s e  t h e  problem by e x c l u d i n g  a l l  i n t e r m e d i a t e  
v a r i a b l e s .  

3. MATHEMATICAL DESCRIPTION OF THE MODEL 

A l l  v a r i a b l e s  are  d i v i d e d  i n t o  f o u r  g r o u p s .  The f i r s t  
g r o u p  i s  o n e  o f  t i m e  i n d e p e n d e n t  s c e n a r i o  v a r i a b l e s  o r  p a r a -  
meters. 



The second g roup  c o n s i s t s  of  t i m e  dependen t  s c e n a r i o  v a r i a b l e s .  
The t h i r d  c o n s i s t s  o f  endogenous v a r i a b l e s ,  i . e .  v a r i a b l e s  whose 
v a l u e s  a r e  be ing  o b t a i n e d  a s  a  r e s u l t  o f  s i m u l a t i o n  ( s o l u t i o n  
of  t h e  p r o b l e m ) .  The f o u r t h  g roup  c o n s i s t s  of a l l  v a r i a b l e s ,  
p o s s i b l y  o f  i n t e r e s t  t o  a  modeler ,  t h a t  can  e a s i l y  b e  c a l c u l a t e d  
on t h e  b a s i s  of t h e  v a r i a b l e s  from t h e  t h r e e  o t h e r  g r o u p s .  W e  
r e f e r  t o  t h i s  f o u r t h  g roup  o f  v a r i a b l e s  a s  d e r i v a t i v e s .  

3 .1 .  N o t a t i o n  Used i n  t h e  Model D e s c r i p t i o n  

The f o l l o w i n g  n o t a t i o n s  a r e  used  i n  t h e  b a s i c  model de- 
s c r i p t i o n :  

Time I n d e p e n d e n t  Exogenous V a r i a b l e s  

N = t o t a l  number o f  p r o d u c t i o n  s e c t o r s ;  

T = l e n g t h  o f  a  p l a n n i n g  h o r i z o n  (number of t i m e  
s t e p s )  ; 

A t  = l e n g t h  o f  a  t i m e  s t e p * ;  

0 0 
KO = {K1,K2, . . . ,KO) = v e c t o r  o f  i n i t i a l  c a p i t a l  s t o c k s ;  

N 

and 

T = ( T ~ , T ~ , . . . , T ~ )  = v e c t o r  of c o n s t r u c t i o n  dura-  

t i o n s  ( l e a d  t i m e s )  by s e c t o r .  

Exogenous V a r i a b l e s  

A ( n )  = I a  ( 1  j = 1 , 2 ,  ..., N ) =  NXN m a t r i x  o f  i n p u t -  

o u t p u t  c o e f f i c i e n t s ;  

~ ( n )  = ( 1  b .  ( n )  ) ( i , j  = 1 , 2 ,  . - . , N ) = N x N  m a t r i x  o f  c a p i t a l  
1 3  

c o e f f i c i e n t s ;  

*One c a n  e a s i l y  g e n e r a l i z e  t h e  model w i t h  a  f i x e d  t i m e  s t e p  
l e n g t h  t o  one  where t h e  t i m e  s t e p  l e n g t h s  d i f f e r  o v e r  t h e  p lan-  
n i n g  h o r i z o n .  For  example,  t h e  t i m e  s t e p  l e n g t h  may i n c r e a s e  
approach ing  t h e  end o f  a  p l a n n i n g  h o r i z o n .  



DP ( n )  = (DPl ( n )  ,DP2 ( n )  . . . . . DPN ( n )  ) = v e c t o r  o f  

p e r s o n a l  consumption p r o f i l e s ,  

DG ( n )  = (DGl  ( n )  . DG2 ( n )  . . . . . DGN ( n )  ) = v e c t o r  o f  

government consumption p r o f i l e s ,  

1 2 N a .  ( n )  = ( d .  ( n )  ,d. ( n )  . . . . .a ( n )  ) 
3 3 3 - 

j E [ i ? . ~ ]  = v e c t o r s  of  i n v e s t m e n t  d i s t r i b u t i o n  

o v e r  t i m e ,  

B ( n )  = ( B 1  ( n )  . B 2  ( n )  . . . . B N  ( n )  ) = v e c t o r  o f  c a p i -  

t a l - o u t p u t  r a t i o s  ( g r o s s ) ;  

1 ( n )  = ( I l  ( n )  , l2 ( n )  . . . , IN ( n )  = v e c t o r  o f  l a b o r -  

o u t p u t  r a t i o s ;  

u ( n )  = ( u l  ( n )  . u 2  ( n )  ... . . u N  ( n )  ) = v e c t o r  o f  d e p r e c i -  

a t i o n  f a c t o r s ;  

6 ( n )  = (61(n)  . cS2(n) ,.. . , d N ( n ) )  = v e c t o r  o f  expan- 

s i o n  r a t e s ;  and 

E ( n )  = GNP d e v i a t i o n  t o l e r a n c e ;  

n  = 1 . 2 .  ..., T = i n d e x  o f  c u r r e n t  t i m e  
p e r i o d .  

A 
WPTCT ( n )  = t o t a l  p e r s o n a l  consumption (economic 

t a r g e t )  ; 
A 
WGTOT(n) = t o t a l  government consumption (economic 

t a r g e t )  ; 
A 

GNP ( n )  = g r o s s  n a t i o n a l  ( r e g i o n a l )  p r o d u c t  
(economic t a r g e t )  ; 

A 

L~~~ 
( n )  = t o t a l  l a b o r  a v a i l a b i l i t y  o r  employment; and 

A 
NEXP(n) = (NEXPl(n),  NEXP2(n). .. . ,NEXPN(n)) = v e c t o r  

o f  n e t  e x p o r t s  by s e c t o r ,  i . e .  e x p o r t  minus 
i m p o r t  f o r  each t y p e  o f  goods produced.  



E n d o g e n o u s  V a r i a b l e s  

x ( n )  = (x l  ( n )  , x 2  ( n )  , . . . , ( n )  ) = v e c t o r  o f  g r o s s  

o u t p u t s  ; 

K ( n )  = (K1 ( n )  , K 2  ( n )  , .. . , K N  ( n )  ) = v e c t o r  o f  c a p i t a l  

s t o c k s ;  

y  ( n )  = (y l  ( n )  , y 2  ("1 I .. dN ( n )  ) = v e c t o r  o f  a d d i t i o n a l  

c a p i t a l  s t o c k  under c o n s t r u c t i o n ;  d u r i n g  t i m e  
p e r i o d  number n ;  and c a p i t a l  i n v e s t m e n t  goods by 
d e s t i n a t i o n ;  

W(n) = (W1 ( n )  , W 2  ( n )  , .. . ,WN(n) ) = consumption ( p e r s o n a l  

p l u s  government)  v e c t o r i  

Z ( n )  = ( Z 1  ( n )  , Z 2  ( n )  ; . . . , Z ( n )  ) = v e c t o r  o f  new c a p a c i -  
N 

t i e s  whose c o n s t r u c t i o n  i s  s t a r t e d  i n  p e r i o d  n. 

Der i ved  V a r i a b l e s  ( " d e r i v a t i v e s " )  

P P P P 
W ( n )  = (W1 ( n )  , W 2  ( n )  . . . ,WN ( n )  ) = p e r s o n a l  con- 

sumpt ion  v e c t o r ;  

G G G G 
W ( n )  = (W1 ( n )  , W 2  ( n )  , .. . , W  ( n )  ) = government  

N 
consumpt ion v e c t o r ;  

f f  f  f  I ( n )  = I n  I n  , . . I ( n )  ) = c a p i t a l  i n v e s t -  
N 

ment (by o r i g i n )  v e c t o r ;  

I ( n )  = (I1 ( n )  , I2  ( n )  , .. . , IN ( n )  ) = c a p i t a l  i n v e s t -  

ment (by  d e s t i n a t i o n )  v e c t o r ;  

VA ( n )  = ( V A ~  ( n )  ,VA2 ( n )  , . . . ,VAN ( n )  = v e c t o r  of  

v a l u e  added ;  

GNP(n) = g r o s s  n a t i o n a l  p r o d u c t ;  

WPTOT ( n )  = t o t a l  p e r s o n a l  consumpt ion;  

WG ( n )  = t o t a l  government  consumption;  TOT 

NEXPTOT (n) = t o t a l  n e t  e x p o r t ;  

EMPTOT ( n )  = employment ; 



KTOT (n) = total capital stock; 

KOR(n) = overall capital-output ratio; and 

LOR(n) = overall labor-output ratio. 

3.2. Model Equations 

P r o d u c t i o n  and D i s t r i b u t i o n  o f  Goods 

C a p i t a 2  C o n s t r a i n t s  

where 

and 

7 is used to denote r l  for corresponding i = 1,2, ..., N, 

and 

Labor C o n s t r a i n t s  

C a p i t a 2  S t o c k s  Dynamics 



where  

I = t h e  u n i t  NxN m a t r i x ;  

M ( n )  = 1 1  Plij ( n )  I \ ( i , j  = 1 , 2 , .  . . ,N )  ; 

pi  ( n )  , if i = j 
P I  (n ) = 
i j l o  , i f i + j  ; 

L i m i t s  o n  C a p i t a l  S t o c k  F o r m a t i o n  

where  

C o n s u m p t i o n  l ' p p e r  Bounds 

G N F  Upper  and Lower Bounds  

A 
G N P  ( n )  < ( 1  + E (n 1 )  G N P  (n) - 

P l a n n i n g  H o r i z o n  



O b j e c t i v e  F u n c t i o n  

where 

e = (1,1,. . . ,1) = t h e  u n i t  N v e c t o r .  

T h e  f o l l o w i n g  r e l a t i o n s h i p s  a r e  used  t o  c a l c u l a t e  " d e r i v a t i v e s " .  

Persona 2 Consumption 

A 

P DP. ("1 *WPTOT ( n )  
wi(n)  = Wi(n) . 1 

D P ~  (n (n ) +DG 1 . (n -&TOT ( "1 

Government Consumption 

C a p i t a 2  I n v e s t m e n t  Goods ( b y  o r i g i n )  

C a p i t a 2  I n v e s t m e n t  Goods ( b y  d e s t i n a t i o n )  

I .  (11) = L b i j ( n )  y .  ( n )  = y .  ( n )  
3 . . 3 3 



for 

N Eij = 1 for a l l  j .  

i=l 

V a l u e  Added 

G r o s s  Nat ionaZ ( ~ e g i o n a z )  P r o d u c t  

T o t a l  P e r s o n a l  C o n s u m p t i o n  

T o t a  Z Government  C o n s u m p t i o n  

T o t a l  Net  E x p o r t  



T o t a l  C a p i t a l  s t o c k  

OveraZZ C a p i t a l - O u t p u t  R a t i o  ( s e e  Rogner  ( 1 9 7 7 )  
f o r  d e f i n i t i o f i )  

K~~~ ("1 
KOR(n) = -- GNP ( n )  

OveraZZ Labor-Output  R a t i o  

EMPToT In 
LOR(n) = GNP (n 

4 .  LINKAGE OF INTERLINK TO IIASA'S SET OF ENERGY MODELS 

Al though  t h e  INTERLINK model c a n  b e  viewed a s  a n  i n d e p e n d e n t  
t o o l  f o r  macroeconomic c o n s i d e r a t i o n s ,  a  g r e a t  a d v a n t a g e  o f  i t s  
l i n k a g e  t o  o t h e r  models  d e v e l o p e d  i n  t h e  Energy Sys tems Program 
( H d f e l e  and Makarov 1977)  i s  d u e  t o  t h e  f o l l o w i n g  r e a s o n s .  

F i r s t ,  a  u s e r  o f  INTERLINK d o e s  n o t  have  t o  spend  t i m e  
on  s e a r c h i n g  f o r  t h e  s p e c i f i c  i n p u t  i n f o r m a t i o n  i f  t h i s  i n fo rma-  
t i o n  c a n  b e  p r o v i d e d  by o t h e r  models .  Second,  phenomena and  
mechanisms n o t  c o v e r e d  by t h e  INTERLINK s t r u c t u r e  a r e  t r e a t e d  
by o t h e r  models  s u c h  a s  t h e  e n e r g y  s u p p l y  model MESSAGE 
(Agnew, S c h r a t t e n h o l z e r ,  and Voss 1 9 7 8 , 1 9 7 9 ) ,  t h e  economy 
i m p a c t  model IMPACT ( Kononov and Por  1 9 7 9 ) ,  and t h e  MACRO 
model (Rogner  1 9 7 7 ) .  S u b s t i t u t i n g  t h i s  i n f o r m a t i o n  i n t o  
INTERLINK, o n e  improves  t h e  q u a l i t y  o f  t h e  exogenous  i n p u t s  t o  
t h e  model and p r o v i d e s  c o n s i s t e n c y  among a  v a r i e t y  of  s c e n a r i o  
a s s u m p t i o n s  f o r  t h e  f u l l  set o f  models .  



On t h e  o t h e r  hand ,  t h e  i n f o r m a t i o n  INTERLINK p r o v i d e s  on  
t h e  o p e r a t i o n  o f  v a r i o u s  i n d u s t r i a l  s e c t o r s  i s  s u f f i c i e n t l y  
d e t a i l e d  t o  b e  u s e d  i n  e n e r g y  demand models .  The i n p u t s  t o  
t h e s e  m o d e l s  a r e  t h u s  a l s o  improved .  T h i s  m u t u a l - e n r i c h m e n t  
l e a d s  t o  a  m u l t i p l e  cross c h e c k i n g  o f  s c e n a r i o s  and  a s s u m p t i o n s  
a n d  f i n a l  r e s u l t s  f a c i l i t a t i n g  b e t t e r  i n s i g h t s  i n t o  t h e  g e n e r a l  
p r o b l e m  u n d e r  i n v e s t i g a t i o n .  

The f o l l o w i n g  i s  a  g e n e r a l  d e s c r i p t i o n  o f  t h e  l i n k  be tween  
I N T E R L I N K  a n d  o t h e r  mode l s  i n  I IASA's  se t  o f  e n e r g y  m o d e l s .  

4 . 1 .  L i n k a g e  t o  t h e  MACRO Model 

The f o l l o w i n g  MACRO o u t p u t  v a r i a b l e s  a r e  u s e d  a s  i n p u t s  t o  
INTERLINK: 

N 

GNP = g r o s s  r e g i o n a l  ( n a t i o n a l )  p r o d u c t ;  
A, 

W P ~ ~ ~  = t o t a l  p e r s o n a l  consumpt ion ;  

W G ~ ~ ~  = t o t a l  government  consumpt ion ;  

rV 

L~~~ = t o t a l  l a b o r  a v a i l a b i l i t y  ( e m p l o y m e n t ) ;  a n d  

N 

PI? = growth  r a te  o f  l a b o r  p r o d u c t i v i t y .  

I n  MACRO a l l  t h e s e  v a r i a b l e s  a r e  dynamic ,  i . e .  t h e i r  
a v e r a g e  y e a r l y  v a l u e s  a r e  u s e d .  A t  t h e  same t i m e  INTERLINK 
u s e s  y e a r l y  a v e r a g e s  o f  t h e s e  v a l u e s  o v e r  a g i v e n  t i m e  s t e p  a t  
a s  endogenous  u p p e r  bounds .  MACRO v a r i a b l e s  c a n  a l s o  b e  
measu red  i n  d i f f e r e n t  mone ta ry  u n i t s .  F o r  i n s t a n c e ,  d e p e n d i n g  
o n  b a s i c  i n f o r m a t i o n  s o u r c e s ,  INTERLINK may o p e r a t e  w i t h  a l l  
v a r i a b l e s  i n  $ 1967 a s  o p p o s e d  t o  MACRO whose v a r i a b l e s  a r e  i n  
$ 19 72.  Thus ,  t h e  i n p u t s  t o  b e  p r o v i d e d  f r o m  MACRO t o  INTER- 
L I N K  s h o u l d  b e  r e c a l c u l a t e d  a s  f o l l o w s :  

A 
GNP ( n )  = - " p G G I ~ P ( s )  , a t  



where 

Ap = m u l t i p l i e r  c o n v e r t i n g  monetary  u n i t s  used  i n  
MACRO t o  t h o s e  used  i n  INTERLINK; 

s = " c u r r e n t  t i m e  p e r i o d "  (number o f  a  t i m e  p e r i o d )  
i n  MACRO; 

n  = " c u r r e n t  t i m e  p e r i o d "  (number o f  a  t i m e  p e r i o d )  
i n  I N T E R L I N K ;  and  

'f = l e n g t h  o f  a  p l a n n i n g  h o r i z o n  i n  MACRO ( t o t a l  
number o f  t i m e  p e r i o d s ) .  

A l l  waved v a r i a b l e s  a r e  MACRO o u t p u t s ,  and  r o o f e d  v a r i a b l e s  a r e  
d i r e c t  i n p u t s  t o  INTERLINK. C a l c u l a t i o n s  ( 4 . 1 )  t o  ( 4 . 8 )  have t o  
b e  done by a  c e r t a i n  "pos t - run"  p r o c e d u r e  c a l l e d  TRANSLATOR 1 
(see F i g u r e  3 ) .  S i m i l a r  TRANSLATOR c o n c e p t s  a r e  used  i n  t h e  
o t h e r  model l i n k s .  

The d i s c r e p a n c i e s  between f i n a l  consumption and employment 
g e n e r a t e d  by MACRO and c a l c u l a t e d  by " p o s t - r u n "  I N T E R L I N K  TRANS- 
LATOR 2 a r e  f e d  back  f rom INTERLINK t o  MACRO. These  v a r i a b l e s  
a r e  c a l c u l a t e d  i n  t h e  INTERLINK model and c o n v e r t e d  t o  MACRO 
v a r i a b l e s  a s  f o l l o w s :  

h, 

AWpToT ( s )  = TOT ( S )  - wpTOT (n ) / ~ p  , (4 .9 )  
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CY CY 

AWGToT ( s )  = WGTOT ( 5 )  - WGTOT ( n )  /Ap , 

CY CY 

ALTOT(s) = L TOT (s)  - l ( n )  x ( n )  

s = ( n  - 1) A t  + 1, ..., n A t  , 

n = 1 , 2 ,  ..., T , 

where 

INTERLINK o u t p u t s .  

Equa t ions  ( 4 . 9 )  t o  ( 4 . 1 1 )  d e s c r i b e  t h e  i n t e r n a l  s t r u c t u r e  of  
TRANSLATOR 2 i n  F i g u r e  3 .  The f i g u r e  a l s o  i l l u s t r a t e s  t h e  
volume o f  i n f o r m a t i o n  exchange between t h e  two models .  

4 . 2 .  Linkage t o  t h e  MUSE Model 

The i n p u t s  t o  MUSE from t h e  INTERLINK model a r e :  

v a l u e  added by s e c t o r  

ene rgy  demand p a t t e r n s  p e r  end-use c a t e g o r i e s  

w i t h  

P = { p r o c e s s  h e a t ,  s p a c e  h e a t ,  a i r  c o n d i t i o n i n g ,  
e l e c t r i c  power) ;  

and energy  i n t e n s i v e n e s s  o f  i n d u s t r i a l  s e c t o r s  



The v a l u e  added  i s  c a l c u l a t e d  by  t h e  INTERLINK " p o s t - r u n "  p r o -  
c e d u r e  a n d  i s  c o n v e r t e d  i n t o  c o r r e s p o n d i n g  MUSE mone ta ry  u n i t s  
a s  follows: 

Energy demand p a t t e r n s  p e r  end -use  c a t e g o r i e s  a r e  c a l c u l a t e d  
a s  r e l a t i v e  s h a r e s  of i n t e r m e d i a t e  e n e r g i e s  consumed by i n d u s -  
t r i a l  sectors:  

The e n e r g y  i n t e n s i v e n e s s  by sector i s  c a l c u l a t e d  a s  a  r a t i o  o f  
t o t a l  e n e r g y  consumed by t h i s  sector t o  v a l u e  added:  

C a ( n ) * x i ( n )  
PEP pi 

E .  ( n )  = I i = 1121.. .!N1 A-VAi ( n )  
(4 .16)  

1 

where  

A = c o e f f i c i e n t  c o n v e r t i n g  BTU i n t o  kwh. 

The d a t a  t r a n s f e r r e d  t o  MUSE h a v e  t o  b e  i n t e r p o l a t e d  on a  
y e a r - b y - y e a r  b a s i s  ( o t h e r  t h a n  i n  INTERLINK u s i n g  y e a r l y  a v e r a g e s  
f o r  e a c h  A t ) .  T h i s  i s  d o n e  as f o l l o w s :  

E .  ( s )  = E~ ( n )  , 
1 
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where 

n  = " i n d e x  a t  c u r r e n t  t i m e  p e r i o d "  i n  INTERLINK; and 

s = " c u r r e n t  t i m e  p e r i o d "  i n  MUSE. 

C a l c u l a t i o n s  ( 4 . 1 3 )  t o  ( 4 . 1 6 )  and ( 4 . 1 7 )  t o  ( 4 . 1 9 )  combine 
two b l o c k s  (TRANSLATOR 3A and TRANSLATOR 3  B) o f  an INTERLINK- 
MUSE TRANSLATOR (see F i g u r e  4 ) .  

4 .3 .  Linkage t o  t h e  MEDEE-2 Model 

The f o l l o w i n g  INTERLINK o u t p u t s  a r e  used a s  i n p u t s  t o  t h e  
MEDEE-2 model: 

CNP ( n )  = g r o s s  n a t i o n a l  ( r e g i o n a l )  p r o d u c t ;  

I TOT 
( n )  = t o t a l  i n v e s t m e n t ;  

"TOT 
( n )  = t o t a l  p e r s o n a l  consumption;  

WGTOT(n) = t o t a l  government  consumption;  

VA(n) = v a l u e  added by s e c t o r ;  

I ( n )  = i n v e s t m e n t  by s e c t o r ;  

P  
W ( n )  = p e r s o n a l  consumption by s e c t o r ;  

ti 
W (n) = government  consumption by s e c t o r ;  and 

x ( n )  = g r o s s  o u t p u t s  by s e c t o r ;  

Value added d a t a  a r e  u s e d  i n  t h e  MEDEE-2 model f o r  t h e  
f o l l o w i n g  s e c t o r s ,  i n  o r d e r  t o  d e r i v e  t h e i r  u s e f u l  o r  s p e c i f i c  
e n e r g y  demand l e v e l s :  

1. I n t e r m e d i a r y  goods  i n d u s t r i e s ;  
2. Equipment goods i n d u s t r i e s ;  
3. Nondurable consumer goods i n d u s t r i e s ;  
4 .  Misce l l aneous  i n d u s t r i e s ;  



5. C o n s t r u c t i o n  i n d u s t r i e s ;  
6 .  Mining i n d u s t r i e s ;  and 
7 .  A g r i c u l t u r e .  

For  each  o f  t h e  MEDEE-2 s e c t o r s ,  t h e  v a l u e  added i s  d e r i v e d  
from INTERLINK d a t a  a s  f o l l ows :  

where 

v?4. ( n )  = t h e  v a l u e  added i n  MEDEE-2 sector j i n  t i m e  
3 p e r i o d  t ;  

J = t h e  se t  o f  INTERLINK sectors t o  b e  a g g r e g a t e d  
i n t o  MEDEE-2 sector j ;  and 

M = t h e  t o t a l  number o f  i n d u s t r i a l  s e c t o r s  i n  
MEDEE-2 ( i n  t h e  MEDEE-2 model M = 7 ) .  

The v a l u e  added i s  used  t o  c a l c u l a t e  t h e  u s e f u l  o r  s p e c i f i c  
energy demand i n  a  g iven  y e a r :  

PROC ( n )  =C vXi ( n )  E I O ~  
P  

EIRATE , 
rP P  

where 

PROC ( n )  = t h e  f i n a l  ene rgy  demand f o r  p r o c e s s  p ;  
P  

E I O  = t h e  s p e c i f i c  energy  r equ i r emen t s  i n  s e c t o r  
ip i f o r  p r o c e s s  p  i n  a  f u t u r e  t i m e  p e r i o d  

r e l a t i v e  t o  t h e  b a s e  y e a r ;  and 

P = t h e  t o t a l  se t  o f  d i f f e r e n t  energy  p roce s -  
ses c o n s i d e r e d  i n  t h e  MEDEE-2 model. 
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I n  t h e  case o f  MEDEE-2 t h i s  s e t  P  c o n s i s t s  o f  t h e  f o l l o w i n g  
p r o c e s s e s :  

1. s t e a m  g e n e r a t i o n ;  
2 .  f u r n a c e s ;  
3 .  s p a c e  h e a t i n g ;  
4 .  s p e c i f i c  u s e  o f  e l e c t r i c i t y  ( e l e c t r o l y s i s ,  mot ive  

power,  l i g h t i n g )  ; and 
5. motor  f u e l .  

A l though ,  i n  g e n e r a l  t h e  a g g r e g a t e d  MEDEE-2 s e c t o r s  are 
c o n s i d e r e d ,  more d e t a i l e d  i n f o r m a t i o n  i s  u s e d  t o  e s t i m a t e  t h e  
e f f e c t  on  t h e  e n e r g y  i n t e n s i v e n e s s  r e s u l t i n g  from changes  on 
t h e  c o m p o s i t i o n  o f  t h e s e  a g g r e g a t e s .  The l i n k a g e  scheme o f  
INTERLINK a n d  MEDEE-2 i s  shown i n  F i g u r e  5. R e l a t i o n s h i p  
( 4 . 2 0 )  d e s c r i b e s  i n t e r n a l  c a l c u l a t i o n s  i n  TRANSLATOR 4 .  

4 . 4 .  L inkage  t o  t h e  IMPACT Model 

INTERLINK i s  l i n k e d  t o  IMPACT t h r o u g h  d i r e c t  c o s t s ,  d i r e c t  
i n v e s t m e n t ,  a n d  d i r e c t  manpower r e q u i r e d  t o  implement a n  e n e r g y  
s y s t e m  development  s t r a t e g y .  T h i s  s t r a t e g y  i s  d e t e r m i n e d  by t h e  
MESSAGE model .  The l i n k a g e ,  which i s  o f  a  f eedback  t y p e ,  t a k e s  
e f f e c t  a f t e r  t h e  f u l l  i t e r a t i o n  o f  b o t h  MESSAGE and IMPACT. 

The s e c t o r a l  r e p r e s e n t a t i o n  i n  IMPACT i s  more d i s a g g r e -  
g a t e d  t h a n  t h a t  i n  INTERLINK, b o t h  i n  t h e  e n e r g y  s e c t o r s  and  i n  
t h e  nonenergy  s e c t o r s .  Thus d i r e c t  c o s t s ,  d i r e c t  i n v e s t m e n t ,  
and  d i r e c t  manpower r e q u i r e m e n t s  o f  t h e  e n e r g y  s e c t o r s  have  t o  
b e  a g g r e g a t e d  f i r s t  i n  t h e  IMPACT model f i l e ,  and i n  t h i s  form 
b e  t r a n s f e r r e d  t o  INTERLINK. T h i s  i s  t h e  e s s e n c e  o f  t h e  IMPACT- 
INTERLINK TRANSLATOR ( o r  TRANSLATOR 5 ) ,  t h e  fo rma l  d e s c r i p t i o n  
o f  which i s  g i v e n  below. 

L e t  

D C . ( n )  b e  d i r e c t  c o s t s  i n  t i m e  p e r i o d  n ,  i . e .  t h e  
1 d i r e c t  r e q u i r e m e n t  o f  e n e r g y  s e c t o r s  i n  terms 

o f  t h e  p r o d u c t s  o f  t h e  nonenergy s e c t o r  i i n  
t h e  n o m e n c l a t u r e  o f  INTERLINK s e c t o r s ;  

D I . ( n )  b e  d i r e c t  i n v e s t m e n t s  t o  e n e r g y  s e c t o r  j i n  t h e  
3 INTERLINK model ; and 

DM(n) b e  d i r e c t  manpower r e q u i r e m e n t s .  

These  v a l u e s  are  b e i n g  c a l c u l a t e d  a s  f o l l o w s :  



+ <: z e ( ~ )  

e E E  
IMP T=n 

and  

D M ( ~ )  = Z M P ~ ( ~ )  , 
e EE 

IMP 

where 

I i  = t h e  IMPACT m o d e l ' s  s e c t o r s  c o r r e s p o n d i n g  t o  INTER-  
L I N K  ' S a g g r e g a t e d  sector i ;  

E~~~ = t h e  se t  o f  IMPACT e n e r g y  sectors: 

A .  . = t h e  i n p u t - o u t p u t  c o e f f i c i e n t s  i n  t h e  IMPACT model ;  
1 3  

X i  = t h e  g r o s s  o u t p u t  ( a n n u a l  a v e r a g e d  o v e r  t i m e  p e r i o d  
A t )  o f  sector i i n  t h e  IMPACT model ;  

= c a p i t a l  c o e f f i c i e n t s  o f  t h e  IMPACT model ;  ke  

Z ( n )  = e x p a n s i o n  o f  c a p a c i t i e s  i n  sector e o f  t h e  IMPACT e mode 1 ; 

E .  = t h e  se t  o f  IMPACT e n e r g y  sectors r e p r e s e n t e d  by 
( a g g r e g a t e d )  e n e r g y  sector j i n  INTERLINK: 

E = t h e  s e t  o f  e n e r g y  sectors i n  INTERLINK; 



I N V e  = t h e  d i r e c t  i n v e s t m e n t  t o  IMPACT'S e n e r g y  
sector e ;  a n d  

MPe = t h e  d i r e c t  manpower r e q u i r e m e n t s  i n  IMPACT'S 
e n e r g y  sector e. 

The l i n k a g e  be tween  t h e  t w o  mode l s  i s  d e p i c t e d  i n  F i g u r e  6 .  

I n  o r d e r  t o  l i n k  IMPACT a n d  INTERLINK, t h e  l a t t e r  would 
h a v e  t o  b e  s l i g h t l y  m o d i f i e d  by  s u b s t i t u t i o n  o f  d i r e c t  i n p u t s  
f rom IMPACT f o r  t h e  c o r r e s p o n d i n g  endogenous  v a r i a b l e s  i n  INTER- 
LINK. To d e s c r i b e  t h e s e  m o d i f i c a t i o n s  l e t  u s  f i r s t  rewrite 
E q u a t i o n s  ( 3 . 1 )  a n d  ( 3 . 4 )  a n d  c o n s t r a i n t s  ( 3 . 3 )  by  d i v i d i n g  t h e  
INTERLINK p r o d u c t i o n  s y s t e m  i n t o  e n e r g y  (E)  a n d  nonene rgy  (NE) 
sectors. 

E E 
XE(n )  = A E ( n ) X E ( n )  + ANE(n)XNE(n)  

+ w ( n )  + NEXPE(n) , 
E 

NE 
E ( n )  XNE(n)  = ~ ~ ~ ( n ) ~ ~ ( n )  + ANE(n)XNE(n)  + I N E , ~  

f  
+ 'NE,NE ( n )  + WNE(n) + NEXPNE(n) , ( 4 . 2 7 )  

KE(n + 1) = (1 - DE(n)  ) K E ( n )  + AKE(n) , ( 4 . 2 8 )  

K~~ ( n  + 1) = ( I  - D~~ ( n )  1 KNE(n)  + AKNE ("1 , ( 4 . 2 9 )  

whe re  w e  u s e  n o t a t i o n  A K .  ( n )  = Z .  ( n  - T ~ ) ,  i = E,NE , 
1 1 

l E ( n )  X E ( n )  + l N E ( n )  - s E ( n )  5 LTOT(n) , (4.30) 

By d e f i n i t i o n  w e  h a v e  t h e  f o l l o w i n g  r e l a t i o n s h i p s  (see ( 4 . 2 4 )  
t o  ( 4 . 2 5 ) ) .  





Substituting DC(n) ,DI (n) and DM(n) into equations (4.27), (4.28) 
and (4.30) we obtain a modified INTERLINK model where these 
variables are exogenous inputs from IMPACT: 

All other equations and inequalities of the INTERLINK model do 
not cha~ge . 

5. COMPUTERIZATION OF THE MODEL 

The conputerization of the INTERLINK model has been done by 
W. Orchard-Hays and the author. An earlier version of the model 
(PI model) was programmed by N. Burova for preliminary analysis 
and testing. Details of programming, generating, and running 
of the model as well as "post-run" analysis of solutions can 
be fcund in Chapter 9 of Orchard-Hays (forthcoming)*. Here 
the model is described as a conventional LP problem with the 
various subsystems represented in tabular form. 

*The main ccmputer programs and data files on INTERLINK 
existinq at IIASA are: 

-- program files in the SESA!!I envircnment called 
ILKINDSH DATARUN, ILKINIT DATARUN, ILKINPUT KPFILE, and 
ILKMACS DATAMAC; and -- data files under ILKXOO DATA, ILKX67 DATA, and 
ILKX85 DATA. 



VARIABLES : X Y K W 

PROGRAM 
NAME : GENPROD GENEXP GENCAP GENCONS GENRHS 

Figure 7* LP matrix of the INTERLINK model. 



The LP matrix is generated in parts that correspond to the 
following basic activities described by the model: production, 
construction or accumulation of capital stock, capital stock 
dynamics, and total consumption. All these parts are generated 
for all time periods, and the LP matrix rows are diveded into 
categories corresponding to qualitatively different types of 
constraints. The complete LP matrix is shown in Figure 7. 
Below we describe components or parts of this matrix that cor- 
respond to different submodels. Note that right-hand sides are 
to be added containing the following inputs: capacities (capi- 
tal stock) construction of which started in a preliminary peri- 
od (say in time period 0 or -1) and IMPACT direct costs, direct 
manpower requirements. The latter should be subtracted from 
INTERLINK'S right-hand sides. 

Table 1. Submodel GENPROD simulating production; the model 
variable is gross outputs (XI. 

Constraint 

(i) demand 

(ii) capacity 
avail- 
ability 

(iii) labor 
avail- 
ability 

(iv) GNP 
ranges 

Type of Dimension 
constraint Model equation (number of rows) 

equality (3.1) N x T  

inequality (3.2) N x T  
( 5 )  

inequality (3.3) 1 x T  
(5) 

inequality (3.71, (3.8) 2 x T  
(5 

Total number of rows = (2N+3) x T 

Total number of columns = N x T 



DEMAND 
CONSTRAINTS 

CAPACITY 
AVAILABILITY 
CONSTRAINTS 

LABOR 
AVAILABILITY 
CONSTRAINTS 

GNP RANGES 

1 

C (t) = 

N 

Figure 8. GENPROD submodel matrix. 



DEMAND 
CONSTRAINTS 

AVAILABILITY 
CONSTRAINTS 

T I-V) ' v L23 

CAPITAL STOCK 
DYNAMICS CONSTRAINTS 

LIMITS ON CAPITAL 
STOCK FORMATION 

O , i f i # j  , 
v = llv Ili,j = 1,2,...,N ; 

ij vij ={ -AtI if i = j and i E No ; 

I = unit matrix NxN 



Table 2. Submodel GENEXP simulating construction; the model 
variable is capital stock fonation (Y). 

Table 3. Submodel GENCAP simulating capital stock depreciation 
and accumulation; the model variable is capital 
stock (K). 

. 
Constraint 

(i) demand 

(ii) capacity 
avail- 
ability 

(iii) capital 
stock 
dynamics 

(iv) limits on 
capital 
stock for- 
mation 

Type of Dimension 
constraint Model equation (number of rows) - 
equality (3.1) N x T  

inequality (3.2) N x T  

( 5 )  

equality N x (T-1) 

inequality 
( 5 )  

Total number of rows = (4N-1) x T 

Total number of columns = N x T 

* 

Constraint 

(i) capacity 
avail- 
ability 

(ii) capital 
stock 
dynamics 

(iii) expansion 
limits 

Type of Dimension 
constraint Model equation (number of rows) 

inequality (3.2) N x T  
( 5 )  

equality N x (T-1) 

inequality N x T 
( 2  0 )  

Total number of rows = N x (3T-I) 

Total number of columns = N x T 



CAPACITY 
AVAILABILITY 
CONSTRAINTS 

CAPITAL STOCK 
DYNAMICS 

LIMITS ON CAPITAL 
STOCK FORMATION 

Figure 10. GENCAP submodel matrix. 



Figure  11. GENCONS submodel m a t r i x .  

1 2.. .N -- 
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OBJECTIVE ROW 
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CONSUMPTION 
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I 

1 
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I N T E m I N K  
INPUTS 

1 

i N E x P ( 1 )  

NEXP ( 2 )  

... 

NEXP ( T )  

IMPACT 
INPUTS 

DEMAND 
CONSTRAINTS 

CAPITAL 
STOCK DYNAMICS 

LABOR AVAILABILITY 
CONSTRAINTS 

GNP RANGES 

G%P- = ( 1  - € ( n ) ) G N P ( n )  

F i g u r e  1 2 .  GENRHS submodel matrix. 



Table 4. Submodel GENCONS simulating consumption; the model 
variable is consumption (W). 

Table 5. Submodel GENRHS for the right-hand side exogenous 
inputs; 

* 

Constraint 

(i) demand 

( i i consump- 
tion 
upper 
bounds 

Type of Dimension 
constraint Xodel equation (number of rows) 

equality (3.1) N x T  

inequality (3.6) N x T  
( 5  

Total number of rows = 2 N x T  

Total number of columns = N x T 

I 

. 
Constraint 

(i) demand 

(ii) capital 
stock 
dynamics 

(iii) labor 
avail- 
ability 

(iv) GNP 
ranges 

Type of Dimension 
constraint Model equation (number of rows) 

equality (3.1) N x T  

equality (3.4) N x (T-1) 

inequality 
( 5 )  

inequality (3.7) , (3. 8 )  I x T  
( 5 )  



5.1. Dimensions of the LP Problem 

Total number of rows = (5N + 3)T - N + 1 
(including objective row) 

Total number of columns.= 4N T + 1 
(including right-hand sides) 

Note that upper bounds and ranges are not usually counted 
in calculating the dimensions of an LP problem. Taking this 
into consideration we obtain the following estimates for the 
BASIC INTERLINK LP problem: 

In the case of N = 17 and T = 12, (5.1) gives the following 
estimates: 

The density of cases of model application of the LP matrix was 
about 1%. 

6 .  THE U.S. BASE CASE, AN ILLUSTRATIVE EXAMPLE 

The application of INTERLINK is illustrated by simulation 
of the potential of the development of the U.S. economy for 
the period of 1975-2035. 

The U.S. economy is represented by 17 production sectors. 
Dynamic input-output tables are obtained by aggregation and in- 
terpolation of BNL input-output tables provided for 110 sectors 
and for the years 1967, 1985, and 2000 (Behling et al. 1975). 
The correspondence of INTERLINK and BNL sectors is shown in 
Table 6. Final consumption profiles are estimated on the basis 
of BNL data and the life-style scenarios considered in MUSE. 



Table 6. Correspondence of production sectors in INTERLINK and 
BNL 

I 

INTERLINK sectors 

1. ELECTRICITY 

2. NONELECTRICITY 
(FUEL) 

3. FERROUS YETALS 

4 .  NONFERROUS METALS 

5. BUILDING MATERIALS 

6. CHEMICAL, PLASTICS 
AND ALLIED PRODUCTS 

7. METAL PRODUCTS 

8. MACHINERY AND 
EQUIPMENT 

9. TRANSPORTATION 
EQUIPMENT 

BNL sectors numbers 

8, 9, 10, 11, 12 

11 21 3, 41 5, 6, 7 

25, 61 

26, 62 

27, 59, 60 

28, 50, 51, 52, 53, 54, 55, 56 

63, 64, 65, 66 

67, 68, 69, 70, 71, 72, 73, 74, 75, 
76, 77, 78, 79, 80, 81, 82, 86, 87 

83, 84, 85 

10. PAPER AND ALLIED 
PRODUCTS 

11. TEXTILES, CLOTHING, 
LEATHER PRODUCTS 

12. FOOD PRODUCTS 

13. MISCELLANEOUS 
MANUFACTURING 

14. AGRICULTURE 

15. CONSTRUCTION AND 
MAINTENANCE 

16. TRANSPORTATION 

17. SERVICES, COMMUNI- 
CATIONS AND OTHER 

47, 48, 49 

39, 40, 41, 42, 57, 58 

37, 38 

36, 43, 44, 45, 46, 88 

21, 22, 23, 24 

29, 30, 31, 32, 33, 34, 35 

89, 90, 91, 92, 93, 94, 95 

96, 97, 98, 99, 100, 101, 102, 103, 
104, 105, 106, 107, 108, 109, 110 



These profiles as well as the capital-output ratios are dynamic. 
Capital-output, labor-output ratios, depreciation factors, and 
initial capital stock were obtained from studies on capital 
and labor intensiveness of U.S. industries and updated on the 
basis of recent statistical data (U.S. Department of Commerce 
1974, 1975). Scenario projections of total personal and gov- 
ernment consumption, GNP, labor availability, and labor pro- 
ductivity were provided by the MACRO model. These projections 
correspond to the U.S. base case scenario assumptions developed 
in IIASA's Energy Systems Program (Doblin 1977). 

Some simulation results are given here in order to compare 
them to other projections (Behling et al. 1975, U.S. Department 
of Commerce 1975). The following figures are polynomial approx- 
imations of the INTERLINK solutions for GNP, total investment, 
total personal consumption, total government consumption, total 
capital stock, employment, and gross outputs of some of the 
industrial sectors listed in Table 6 above. Results available 
from other studies are provided for the purpose of comparison. 



GNP - 

INVESTMENT 

- 
CAPITAL STOCK 

0 
1975 1980 1990 2000 2010 2020 2035 

Year 

INTERLINK A MACRO 

Figure 1 3 .  U . S .  Base Case: GNP, investment,  and 
c a p i t a l  s tock .  



PERSONAL CONSUMPTION 

- 
15001 GOVERNMENT CONSUMPTION 

F i g u r e  1 4 .  U.S. Base  Case :  g e r s o n a l  a n d  gove rnmen t  
c o n s u m p t i o n s .  

0 4 : : : : : : : : : : ; p  

a751 980 1990 2000 2010 2020 2035 
Year 

- INTERLINK A MACRO 

F i g u r e  15. U.S. Base  Case :  employment. 



14 
FUEL INDUSTRY 

1 000 Jm CONS'TRUCTION AND 

M A ~ T E N A N C E  INDUSTRY 
N 800.- 
r- 
Q, - 
0 .- - - .- 

19751980 1990 2000 2010' 2020 2035 
Year 

- INTERLINK BEA A BNL 

Figure 16.  U.S. Base Case: g r o s s  outputs  o f  f u e l  in-  
dustry;  construct ion  and maintenance indus- 
t r y ;  and o f  f e rrous  meta l s  industry 
(Behling e t  a l .  1957; U.S. Department o f  

C o m m e r c e  1 97 5 )  . 
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