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PREFACE 

Input-output modeling at IIASA has a relatively short but 

interesting history. It started in 1979 with the pioneering 

efforts of Clopper Almon, who visited IIASA from the University 

of Maryland to lay the foundations of cooperation with the 

INFORUM project. The primary goals of the research at IIASA 

were to further develop econometric input-output models, to 

link individual national models on the basis of the software 

developed by Almon's team, and to build a collaborative network 

of scientists in different National Member Organization (NMO) 

countries who would contribute these models to IIASA. These 

aims were successfully realized within a few years by the 

installation at IIASA of 18 national models (varying in size and 

complexity), the dissemination of the necessary software to 

numerous institutions, and the linkage of three national models 

(of France, Belgium, and the Federal Republic of Germany). The 

software package, called SLIMFORP, has been transferred to 

practically all NMOS and implemented on a variety of computers 

to help scientists in their economic research. All these devel- 

opments have demonstrated the usefulness of the initiative and 

a large network of scientists from NMO countries and elsewhere 

has been established. 

An important role in this input-output work has been played 

by the annual conferences of the IIASA-INFORUM "family", which 

have been held at IIASA since 1980.  During these three-day 
meetings, scholars from different countries have presented their 

experience on input-output analysis and forecasting, mostly with- 

in or based on the INFORUM framework. Potential users and pro- 
spective collaborators with the INFORUM project have normally 

also been invited. Therefore the papers in this volume represent 

the latest state in input-output research at IIASA and elsewhere 

in the INFORUM network. Additional information can be found in 



other IIASA publications, for example the working and collaborative 

papers by Clopper Almon, Douglas Nyhus, Ulrike Sichra, and 
Maurizio Ciaschini, which are available qn request. 

Now IIASA is embarking on a new project entitled "Patterns 

of Economic Structural Change and Industrial Adjustment", in 

which the input-output modeling work (previously under the umbrella 

of the System and Decision Sciences research area) will play an 

important part. It is therefore important to select approaches 

from previous IIASA work and the ongoing research of our collab- 

orators on the INFORUM project that will contribute significantly 

to a better understanding of the deep structural changes currently 

affecting national economies. We sincerely hope that many of 

the scientists whose papers are included in this volume will 

collaborate fruitfully with the new IIASA project. 

Anatoli Smyshlyaev 
Patterns of Economic Structural 
Change and Industrial Adjustment 
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INTRODUCTION 

Maurizio Grassini and Anatoli Smyshlyaev 
International Institute for Applied Systems Analysis, Laxenburg, Austria 

The papers presented in this volume differ somewhat in 

their styles of presentation; 'many have been significantly 

revised since they were delivered at the Task Force meeting 

in September 1982 and we hope that the way in which they are 

now organized will help readers to discover common problems 

and explore the possibilities of joint research in the future. 

The papers have been divided into two groups. The first, on 

linkage of input-output models, also includes a few papers on 

models ready for linkage but not yet linked; the second group 

deals with the analysis and investigation of structural change, 

but also contains a description of recent developments in the 

INFORUM family of models. 

The first part of the volume opens with a contribution from 

Nyhus (USA) dealing with the linkage of seven national models 

(of the USA, Canada, Japan, the FRG, France, Italy, and Belgium) 

by means of the INFORUM international trade model. The aim of 

this exercise is twofold; firstly, it proves that the linkage 

of input-output models of different scales is feasible using 

this trade model, and secondly, the assumption that the evo- 

lution of foreign demand is confined to a "smaller" rest of the 

world - based on an estimate of the multiplier effect of the intra- 

country trade - can easily be tested. 



The international part of the Belgian INFORUM model presented 

by Tahon and Vanwynsberghe (Belgium) is an attempt to define a 

suitable international scenario for a single national model. Be- 

cause no comprehensive world model is available, it is usual to 

rely upon standard assumptions on the growth rate of international 

demand as a driving hypothesis for simulations of national econo- 

mies. However, when an economy is relatively open, that is to 

say where the international trade portion of total GDP is high, 

this kind of assumption tends to be too rough and a more detailed 

description of the inflows and outflows for services and goods is 

called for. This is because in such cases the performances of 

international trading partners strongly influence the trade 

pattern of the national economy studied. 

The four Nordic countries - Denmark, Finland, Norway, and 

Sweden - are easily classified as small, open economies; more- 

over, they are geographically close to each other and there is 

a considerable amount of intercountry trade between them. In 

order to study the structural interdependence of the Nordic 

economies, input-output models of the four countries are going 

to be linked by means of a complete international model of the 

IIASA/INFORUM type. The work completed, and that remaining to 

be done, is described in the three papers by Bjerkholt and Sand 

(Norway), by Olsson and Sundberg (Sweden), and by Thage (Denmark). 

Bjerkholt and Sand outline the model system in use in Norwegian 

economic planning and the proposed framework of the Nordic INFORUM 

system of models. Particular attention is devoted to the role 

of the Norwegian model as a supporting tool within the Advisory 

Board of the Ministry of Finance. The determination of total 

import demand for each country and each commodity group will form 

the core of the trade model, and Olsson and Sundberg present the 

analytical structure of the import equations. In the third paper 

of this group, Thage reports the first contributions to the pro- 

ject from Denmark. He describes the construction of a statistical 

data base providing the necessary code for understanding the con- 

nection between international trade data classifications and 

branches of the Danish input-output table. 



The paper by Martellato (Italy) deals with the problem of 

disaggregating macroeconomic models, in terms of the trade-off 

between detailed descriptions of either the process of production 

or the spatial dimension of an economy. If the first step in 

disaggregation is a sectoral representation of the process of 

production - which leads essentially to modern input-output 

modeling - sooner or later spatial or regional disparities will 

represent the major constraints on reaching a better understanding 

of economic phenomena. Ways of integrating a spatial dimension 

into a national input-output model are analyzed, together with 

the relationships between capacity constraints and trading 

behavior. The construction of a regional input-output model 

within the framework of a national model is discussed, using as 

an example IIASA's case study of Tuscany. In further work re- 

lated to the Tuscany study, Laura Grassini (Italy) reports on 

the estimation of the demand equations system in the biregional 

model of Tuscany and the rest of Italy. She describes the data 

sources used and explains how data from different sources have 

been reconciled; after a brief outline of the model's structure 

she discusses the treatment of income elasticity and presents 

some preliminary results. 

Continuing with regional input-output models, Miinzenmaier 

(FRG) suggests a method for evaluating the division of labor in 

a national economy, with reference to a case study of the Federal 

Republic of Germany and the federal state of Baden-Wiirttemberq. 

Input-output tables provided by the Federal Statistical Office 

as an economic statistical basis refer to different levels of 

jurisdiction. Due to lack of information concerning intraregional 

trade, the integration of a region into the national economy 

cannot be analyzed in the framework of a standard multiregional 

model. A parallel analysis of the impact of export demand over 

regional and national economies is shown to be useful for measur- 

ing the direct and indirect consequences for a single region of 

integration within a national economy. 

National econometric models based upon input-output tables 

are now growing in complexity and A. and L. Tomaszewicz and Welfe 

(Poland) present here an input-output model for the Polish economy. 



It is an INFORUM-type model whose construction is underway. 

Among the preliminary results presented, it is interesting to 

note the attention given to the impact of technical coefficient 

changes on production forecasts. When defining scenarios, the 

empirical results emphasize the importance of structural changes 

in the production processes. Without knowledge of these changes, 

activity levels would otherwise have to be explained by somewhat 

questionable procedures, such as "residual methods". 

The Finnish Long Range Model System presented in two papers, 

the first by Forssell, Mdenpdd, and Svento (Finland) and the second 

by Svento alone, is an example of modeling price, output, and income 

within an input-output framework. This method permits a richer 

set of control rules to be used when simulating economic growth 

on the basis of different economic theories. 

The paper by Ciaschini (Italy) discusses the use of modern 

input-output models as simulation tools for policy making. He 

describes the construction of part of the Interindustrial Italian 

Model (INTIMO), a modern model of the INFORUM family, and presents 

the results of various simulations. In particular, he shows how 

a simple investment theory was used to estimate sectoral invest- 

ment functions, and under which input-output technical coefficients 

were made to change according to forecast patterns. 

The section closes with a paper from Almon (USA) presenting 

the most advanced model of the INFORUM group. Here attention is 

focussed on the price-income block recently developed: knowledge 

of the real side of the model, which is the fundamental require- 

ment for membership of the INFORUM group, is largely taken for 

granted. The paper is divided into two parts. First, a number 

of observations on income-side modeling are addressed to anyone 

contemplating the implementation of such a model; they comprise 

an interesting set of comments on the accounting framework and 

the structural equations. Second, a few simulations with the 

most recent version of the model are presented; these concern 

the evaluation of the effects of tax cuts, increased defense 

spending, and increased- transfer payments, all of which are 

currently possible US econsmic policy measures. 



The second part of the volume contains papers dealing 

mainly with structural changes in economics: the authors dis- 

cuss investment behavior, labor productivity, patterns of 

consumer behavior, and changes in technical coefficients. The 

first three Papers, by Barbera (USA), Schmoranz (Austria), and 

Bell (UK) present results of factor input investigations within 

the input-output framework. Both Barbera and Schmoranz use a 

"revised perpetual inventory modeln to estimate capital stock 

data necessary for modeling investments and labor inputs. 

Schmoranz gives only preliminary results for capital stock, 

whereas Barbera has estimated fairly developed models for the 

behavior of both investment and labor productivity. Gross 

investment is divided into two compound groups, net and replace- 

ment investments, that improve our understanding of various 

important issues. In his paper, Bell deals only with labor 

inputs for the UK economy. He concludes that labor productivity 

on the level of industries cannot be uniformly represented by 

the simplified models usually applied at the macroeconomic level. 

All three papers seem to be well balanced in terms of method- 

ology, econometrics, and empirical results. Though developed 

in different countries, the three papers are complementary and 

clearly pinpoint the most crucial issues in factor demand 

modeling. 

The next three papers differ considerably in their approaches 

despite the fact that they all study energy-economy interactions. 

The paper by Beutel (FRG) shows how to transform a standard 

input-output model to a linear optimization formulation, with a 

substantial gain in the information supplied to users. The 

rectangular presentation of intermediate flows makes it possible 

to disaggregate energy inputs to whatever degree required and 

then to apply the model for intercountry comparisons. Alessandroni 

(Italy) and Koprinkov (Bulgaria) show the impact of different 

energy-input coefficients on overall economic growth. Their pre- 

liminary results illustrate the need for energy submodels to be 

incorporated properly into an input-output scheme of forecasting 

because rough estimates of energy-economy interactions should be 

supported by engineering data. 



The papers by Dimitrov (Bulaaria) and Csepinszky (Hunqary) 

consider possible approaches to developing a consistent dynamic 

input-output model using a poor data base. It is shown that at 

the most aggregated level various methodological problems must 

be solved to arrive at a dynamic or semidynamic model. Both 

authors present results of their econometric analysis at a 

fairly aggregated level. However, it should be pointed out that 

Coepinszky's division model is a simplified version of the very 

detailed description of the Hungarian economy developed in the 

Hungarian Statistical Office. 

The use of an input-output model for deriving aggregate 

characteristics of future overall structural changes is given 

in a paper by Ludwig, Biebler, and Kraft (GDR), which studies 

how long-term structural changes are reflected in terms of 

either full labor, energy, or capital requirements. 

Three papers are devoted to changes in technical coefficients. 

Skolka (Austria) considers problems of the comparability of two 

input-output tables for the Austrian economy (1964, 1976) . Be 

uses these data to distinguish significant interindustry inter- 

actions that will later be studied further to analyze the role 

of prices in the changes. This topic is also discussed in the 

paper by Erber and Stdglin (FRG). They use different techniques 

to simulate the behavior of the technical coefficients, and also 

give a short survey of the related problems under investigation 

using the Disaggregated Bonn Forecasting Model 11. These two 

papers contribute significantly to our understanding of the 

limits on using outdated technical coefficients in forecasting. 

KSr6sz (Czechoslovakia) describes the system of Czechoslovakian 

input-output data that permits him to apply the Markov-chain 

technique to examine the stability of technical coefficients and 

to use these results in forecasting. 

Two papers discuss the problems of national model development 

using a limited data base. Rainer (Austria) emphasizes the im- 

portant role of trade and transport margins in empirically 

oriented input-output research. These margins are especially 

important for a small, open economy and also play a significant 

role in the linking of the real and price sides of an input- 



output model. The author gives details of the estimation process 

being used for Austrian economic data. Smyshlyaev (USSR) shows 

that it is both possible and useful to combine input-output data 

with current statistics. One of the main reasons is that econo- 

metric techniques circumvent some difficult methodological problems 

in model reconstruction and make it possible to apply estimates 

from historical data in forecasting. 

The next two papers present much more formal treatments of 

the same subject area: estimation techniques and the problems 

of limited or inconsistent data bases. Weale (UK) discusses 

the validity of the estimation techniques used on data containing 

errors. He has applied a technique used in balancing national 

accounts to the derivation of price indices. The procedure is 

also illustrated with reference to a small input-output system 

for the UK. Harrigan (UK) also considers the reconciliation of 

related but inconsistentdatasets. His paper gives a short over- 

view of the problems and techniques used previously and a new 

approach developed by the author is applied to consumption data 

for Scotland. 

When dealing with a comprehensive input-output model, it 

is necessary to ensure the efficient representation of all possible 

relations between economic indicators. In the final paper of the 

volume, Sekerka (Czechosl~uakia) describes the possibilities of 

the so-called "system for systems design" in input-output related 

studies. 
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PART ONE 





LINKING SEVEN INPUT-OUTPUT MODELS 
OF THE INFORUM SYSTEM 

Douglas E .  Nyhus 
Department o f  Economics, University of Maryland, College Park, Maryland, USA 

T h i s  p a p e r  r e p o r t s  o n  an  e x e r c i s e  i n  w h i c h  s e v e n  o f  t h e  

i nput-out  put models o f  the  INFORLIM system are l i n ked  together, i ndus t r y  

by industry, year by year, through b i l a t e r a l  expor t  demand indexes. The 

seven are: USA, Canada, Japan, Uest Germany, France, I t a l y  and Belgium. 

The e x p l i c i t  l i n k i n g  equat ion used has been d e s c r i b e d  p r e v i o u s l y  i n  a 

more l i m i t e d  exerc ise (Nyhus, Almon, 1981 1. 

For c l a r i t y ,  t he  l i n k i n g  mechanism i s  b r i e f l y  described. Ue r e l a t e  

t h e  e x p o r t s  o f  o m  country d i r e c t l y  t o  t he  domestic demands i n  customer 

countr ies f o r  t he  product. More precisely,  we est imate t he  equat ion 

where 

X i s  o m  country 's expor ts  o f  a p a r t i c u l a r  commodity 

wk i s  t he  f r a c t i o n  o t  these expor ts  which went t o  country k i n  t h e  

base year o t  the  country 

Dk i s  t h e  index o f  domestic demand (output + impor ts  - exports) i n  

country k 

f / d  i s  a moving average o f  f o re i gn  and domestic p r i c e s  

n i s  t h e  p r i c e  e l a s t i c i t y  o f  demand. 



I n  the  f o re i gn  p r i ce  index, f, fo re ign  domestic p r i c e s  of t h e  customer 

c o u n t r i e s  are combined u i t h  weights p ropor t iona l  t o  t he  share o t  g loba l  

e x p o r t s  o f  t h a t  customer c o u n t r y  -- i.e. f i s  an i n d e x  based  o n  

compe t i t o r ' s  prices. By tak ing  moving averages o t  prices, ue a l low f o r  

delay i n  t he  response o f  expor ts  t o  changes i n  r e l a t i v e  p r i ces .  The 

es t imat ion  o t  the  ueights  i n  these moving averages i s  taken from CNyhus, 

19751. O f  course, p roduc t s  seldom have t h e  same d e f i n i t i o n  i n  t he  

input-output tab les  of d i f f e r e n t  countries, so the Dk do not, i n  fac t ,  

match X p e r f e c t l y  i n  d e f i n i t i o n .  I n  some cases, several  sectors i n  a  

customer country m i l l  be combined t o  g i ve  a  s i ng le  Dk; i n  o t h e r  cases, 

a  s i n g l e  i npu t -ou tpu t  sector domestic demand i n  t he  buying country has 

t o  serve as t he  Dk f o r  several  sectors  i n  the  expor t ing country 's table. 

Summary descr ip t ions  o f  the  models are g iven  i n  Table 1  telow. 

Table 1  

Model Descr ip t ion  

Country 

USA 
Canada 
Japan 
Uest Germany 
France 
I t a l y  
Be lg i  um 

Number o t  Sectors Base Year 

1977 
1971 
1975 
1975 
1976 
1975 
1970 

To see the  l i n k i n g  a t  uork, a  simple assumption i s  common t o  a l l  o f  

the  models was changed. I n  t he  a l t e r n a t i v e  solut ion, t h e  assumed r a t e  

o f  growth o f  domestic demand f o r  a1 1  countr ies ~ p f  i n  the  group o f  seven 

L inked  c o u n t r i e s  i s  two  pe rcen t  p e r  yea r  f a s t e r  t h a n  i n  t h e  b a s e  

s o l u t i o n  i n  t h e  p e r i o d  1985-1990, spec i f i ca l l y ,  they are summarized i n  

Table 2. 



Table 2 

A l t e rna t i ve  Indust  r i a l  Growth Rate Assumptions 

Country Base A l t e rna t i ve  

Netherlands 
Through 1 981 Act ua 1 

82-85 2.2 
85-88 2.2 
88-90 1.9 

Uni ted Kingdom 
Through 1981 Actual  

82-83 1.0 
83-85 2 -0 
85-88 2 -0 
88-90 2 .I 

Rest o f  t he  Uor ld  
Through 1981 Act ua 1 

82-83 1.0 
83-85 2 -8 
85-90 3.0 

Actual  
2.2 
4.2 
3.9 

Act ua 1 
1.0 
2 .o 
4.0 
4.1 

Actual  
1.0 
2 .8 
5.0 

'The "base" s o l u t i o n  was d e r i v e d  by  i t e r a t i n g  t h e  models i n  t h e  

f o l l o w i n g  manner; The f o r e i g n  demands f o r  t h e  American model were 

der ived us ing whatever previous forecasts  were avai  l a b l e  f o r  t h e  o t h e r  

s i x  p l u s  t he  "base" assumptions, f o r  the non-seven. Next, the  Canadian 

model was s o l v e d  u s i n g  t h e  American m o d e l ' s  r e s u l t s ,  t h e  "base"  

assumpt  i ons  and  t h e  o t h e r  f i v e  r e s u l t s .  T h i s  p rocess  cont inued, 

f o l l ow ing  t h e  order o f  the  countr ies i n  Table 1, u n t i  1 t h e  l a s t  model, 

Belgium, was solved. The whole p rocess  was repeated f o r  each o f  t he  

seven, each t ime u t i l i z i n g  t h e  most recent resu l ts .  Four such o v e r a l l  

i t e r a t i o n s  were done. The r e s u l t s  o f  t h e  l a s t  i t e r a t i o n  became t he  

"base" solut ion. The "a l te rna t i ve"  s o l u t i o n  was a r r i v e d  a t  i n  an almost 



i d e n t i c a l  manner. The s l i g h t  d i f f e r e n c e  appeared d u r i n g  t h e  f i r s t  

i t e r a t i o n .  I n  t h i s  f i r s t  i t e r a t i o n  o f  t h e  seven models, o n l y  t h e  

a l t e r n a t i v e  non-seven assumptions were d i f f e ren t .  Thus, the  so lu t i on  o f  

t h e  Belg ium model, t h e  l a s t  o f  t h e  seven, on t h e  f i r s t  i t e r a t i o n  

u t i l i z e d  t h e  "base" s o l u t i o n  f o r  t he  other  s i x  and t he  a l t e r n a t i v e  f o r  

the non-seven. I n  t h i s  manner we can d i s t i n g u i s h  t h e  " d i r e c t "  (i.e. 

non-seven) e f f e c t s  from the i n d i r e c t  (i.e. i n t e rac t i ve )  e f fects .  Table 

3  shows some o f  t h e  p r i n c i p a l  aggregate r e s u l t s  f o r  each o f  the seven 

countries, 

The f i r s t  column, l a b e l e d  "Base 85-90", shows t h e  c o n t i n u o u s l y  

compounded annual  g rowth  r a t e  f o r  1985-1990 o f  t h e  row items. The 

second column, Labeled "Direct 85-90", shows the  r e s u l t s  a t  t h e  end o f  

t h e  f i r s t  i t e r a t i o n .  The t h i  r d  column, labeled "A l te rna t i ve  85-90", 

shows t h e  r e s u l t s  o f  the f ou r t h  i t e ra t i on .  The f o u r t h  column shows t h e  

p ropor t ion  o f  the  t o t a l  change of the row items, a l te rna t i vebase ,  which 

can  be a t t r i b u t e d  t o  t h e  d i r e c t  r e s u l t .  The l a s t  column, l a b e l e d  

"Change i n  Exports", shows the  change i n  t h e  e x p o r t  g row th  r a t e  under  

the  a l te rna t i ve .  

A p r i n c i p a l  r e s u l t  i s  t h a t  the  system converged quickly.  More w i l l  

be sa id  on t h i s  i s  po in t  la te r .  Another r e s u l t  i s  t h a t  the  e f f e c t s  were 

q u i t e  var ied,  r ang ing  f rom o n l y  a  .36% p e r  year  i n c r e a s e  i n  export  

growth i n  Canada t o  1.83% per  year growth i n  Japan. A p r i n c i p l e  f a c t o r  

c o n t r i b u t i n g  t o  t h i s  d i f fe rence  i s  t h a t  the non-seven f a c t o r  i n  f o re i gn  

demand i s  r e l a t i v e l y  h igh f o r  Japan (on average 60%) and low f o r  Canada 

(25%). U h i l e  demands i n  t h e  seven increased, they were i n  every case 

less  t han  t h e  two  pe rcen t  i n c r e a s e  assumed by t h e  non-seven. That 

however cannot exp la in  a l l  o f  the  di f ferences. The non-seven e t f e c t  i s  



Table 3 
Ef fects o t  Al ternat ive Assumptions Concerning 

Non-seven Growth 

Base Direct  A l te rna t ive  X Change 
85-90 85-90 85-90 D i rec t  Exports 

USA 
GNP 2.55 2 -63 2 -67 91 
Exports 2 -73 3.77 3.88 90 1.15 

Canada 
GNP 3.38 3.43 3.45 68 
Exports 2.98 3.21 3 -34 63 -36 

Japan 
GNP 3.95 4.1 8 4.20 92 
Exports 3.99 5 -68 5.82 92 1 -83 

West Germany 
GNP 1 -85 2 -26 2.32 87 
Exports 3.05 4.34 4.53 87 1.48 

France 
GNP 2.49 2.66 2.70 81 
Exports 2.65 3.26 3 -42 7 8 1.77 

I t a l y  
GNP 3.12 3.68 2.75 88 
Exports 4.02 5.59 5 -81 87 1.7Y 

Be l g i  uln 
GNP 1.88 2.18 2.26 7 8 
Exports 3.09 4.00 4.30 7 5 1.21 

shown i n  t h e  d i r e c t  column. The American and Japanese models have 

approximately the same proport ion of d i r ec t  ef fects.  The d i f ferences i n  

expo r t  growth r a t e  changes occur f o r  two reasons. The export demand 

e l a s t i c i t i e s  estimated f o r  Japan a r e  h ighe r  t han  those es t imated  f o r  

comparable American products. American exports are p r imar i l y  i n  two 

areas -- food and machinery. Food, i n  p a r t i c u l a r ,  i s  u n l i k e l y  t o  be 

af fected much by the d i rec t  e f fec t  since incomes i n  the other s i x  models 



were L e t t  unchanged. Hence, t he  d i r e c t  e f f e c t  would show demands r i s i n g  

f o r  American food i n  t he  U.K., b u t  t h e  i n d i r e c t  e f f e c t s  on  French de 

ands f o r  American f o o d  would be smal l .  Therefore, we have reason t o  

f e e l  t h a t  t h e  d i r e c t  e f f e c t s  a r e  c o r r e c t  f o r  t h e  U.S.mode1 b u t  

underestimate the  i n d i r e c t  income i n  t he  other  models. 

Table 4 

Running S t a t i s t i c s  o f  t he  Hodels 

Clock (Min.) CPU (Sec.) 

Country 2 3 4 1 2 3 4 

USA 63 50 160 46 1674 1750 1865 1865 
Canada 9 9 32 9 354 408 426 409 
Japan 31 25 23 23 990 1028 1019 1019 
Germany 6 5 4 5 1 43 176 173 176 
France 12 9 8 9 344 3 95 388 3 91 
I t a l y  3 5 4 4 134 172 166 167 
Belgium 4 8 6 4 207 26 5 259 267 

Minimum Clock ( I t e r a t i o n )  Average CPU (2-4) 

USA 
Canada 
Japan 
Germany 
France 
I t a l y  
Belgium 

sun SUM 
ZQ!t 

4263 (71 min.3 sec.) 

The i t e r a t i v e  p rocedure  f o r  l i n k i n g  t h e  m o d e l s  had  s e v e r a l  

p r a c t i c a l  aspects. The models, f o r  most e t f i c i e n t  linkage, should be on 

t h e  d i s k  s i m u l t a n t e o u s l y .  How much CPU i s  needed per i t e r a t i o n ?  How 

much c lock t ime? For  a s m a l l  machine such as t h e  Pr ime 550, how i s  

o t h e r  work a f f e c t e d ?  H w  much d isk  space i s  necessary? I n  what order  

should t h e  models be solved? Table 4 shows some o f  t he  major s t a t i s t i c s  



on t he  computations. The clock t ime p o r t i o n  o f  Table 4 shous t h e  u i d e  

d i f f e r e n c e s  i n  t h e  runn ing  t i m e  o f  t h e  models. The U.S. model i s  a 

f u l l y  integrated, closed model generat ing outputs, prices, and incomes. 

The re fo re  each side, output,  p r i ce ,  and income, i s  computed several  

t imes f o r  each year of  the fo recas t .  I n  con t ras t ,  t h e  Belg ium model 

c o n t a i n s  o n l y  a r e a l  s i d e  and has f e u e r  sectors. The Japanese model 

a lso  i t e r a t e s  betueen i t s  r e a l  and p r i c e  s i d e s  u n t i l  a s o l u t i o n  i s  

found. The l a r g e  v a r i a t i o n  i n  c lock t imes f o r  d i f f e r e n t  i t e r a t i o n s  o f  

the  same model i s  explained by the  system load a t  the  time. I t e r a t i o n  3 

began a t  1:30 p.m. and ended a t  about 5:30 p.m. The afternoon uas busy 

and system response uas f e l t  t o  be "s lw" .  I t e r a t i o n  4 uas done uhen 

a lmos t  no  o t h e r  uork  uas being performed. The CPU t imes var ied  l i t t l e  

betueen i te ra t ions .  I t e r a t i o n  1 i s  less because t h e r e  uas no need t o  

e x t r a c t  t h e  in fo rmat ion  about r e s u l t s  from the  other  models. U t i l i z i n g  

the  data f o r  i t e r a t i o n  2-4, ue have a minimum c lock t i m e  o f  99 minu tes  

and an  average CPU t i m e  o f  71  minutes. I n  shor t ,  the  system solves 

r e l a t i v e l y  quickly.  Final ly,  44 megabytes o f  our 300 megabyte d i sk  uere 

necessary f o r  the  storage o f  a l l  t h e  programs and d a t a  f o r  t h e  seven 

models. 

Table 5 
GNP i n  Successive I t e r a t i o n s  

USA 26 52 -01 2653 -47 2653 -69 2653 -70 
Canada 1806.24 1 807 .93 1808.06 1808.06 
Japan 2W9.71 2982.37 2982 -63 2982 -66 
W. Germany 16850.35 16891 -85 16898.90 16898.90 
France 18453 -1 2 18387.80 18489.66 18489.54 
I t a l y  2085 -79 2093 -22 2093.42 2093.38 
Belgium 20530.67 20616.25 2061 6 -81 20616.73 



Tab le  5, shouing t h e  e v o l u t i o n  of t h e  1990 GNP by  c o u n t r y  b y  

i t e r a t i o n ,  shous t h a t  o n l y  t h r e e  i t e r a t i o n s  uould be su f f i c i en t .  The 

d i f f e rence  betueen i t e r a t i o n s  3 and 4 i s  minimal. 

The c o u n t r y  o r d e r  o f  s o l u t i o n  f o r  q u i c k e s t  convergence can be 

de te rmined  by  u t i l i z i n g  a t o t a l  b i l a t e r a l  t rade mat r i x  f o r  the seven 

together u i t h  t h e i r  t rade u i t h  the  r e s t  of the  uorld.  Treat ing domestic 

use as knoun ue f i n d  t h a t  ue should so lve  t h e  U.S. model f i r s t  s i n c e  

98.23 o f  o u t p u t  i s  knoun, a h igher  f i g u r e  than f o r  any other  country. 

Next, ue t r e a t  exports t o  t he  U.S. as knoun f o r  each o f  t h e  rema in i ng  

countr ies and f i n d  t he  one u i t h  the  highest knoun rate. I n  t h i s  case i t  

i s  Japan. We add  e x p o r t s  t o  Japan t o  t h e  knoun amount o f  those  

remaining. The next highest knoun r a t e  nou i s  f o r  Canada. We c o n t i n u e  

on, f i n d i n g  i n  order: I t a l y ,  Uest Germany, France and f i n a l l y  Belgium. 

The order is, t o  be sure, very dependent on  u h i c h  c o u n t r y  models a r e  

inc luded and uhich are l e f t  out. 

The r e s u l t  o f  the  exercise i s  t h a t  t h i s  p a r t i c u l a r  form o f  l inkage 

can be done and produces meaningful, s e n s i b l e  r e s u l t s .  There i s  good 

reason t o  b e l i e v e  t h a t  l inkage o f  t he  models can continue and t h a t  the  

costs e n t a i l e d  a re  not  unduly large. 
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1.  INTRODUCTION 

Exports of goods and services constitute almost 63% of 

Belgian GDP and are, together with imports, among the major 

determinants of national economic development. All forecasting 

for the Belgian economy is therefore to a great extent influ- 

enced by the type and the nature of the export and import 

equations, the way they depend on demand and competitive fac- 

tors, and the evolution of the trade shares of the major import 

and export partners. 

About 70% of Belgium's exports goes to the EEC (the FRG 

and France each account for about 20% and the Netherlands for 15%). 

Another 12% has its destination elsewhere in Europe so that 

only about 17% moves outside Europe. Due to the relatively high 

proportion of raw materials and sources of energy in total im- 

ports, the European share in Belgian imports is somewhat lower 

(63% from the EEC and 73% from Europe as a whole). 

Forecasting future international trade flows for a small 

and open economy such as that of Belgium is therefore a complex 

problem. As the INFORUM world trade model is not yet fully 

operational, the following shortcut method was adopted as an 

interim solution. 



2. THE INFORUM EXPORT-IMPORT EQUATIONS 

We take as our starting point the normal INFORUM equations 

where 

i = 1 2 . . . n  = sector or industry in the 1/0 model producing 
goods or services; 

b = subscript denoting Belgian; 

= total Belgian imports of goods or services of 
type i; 

= total Belgian exports of goods or services of 
type i; 

= domestic and foreign demand for goods or 
services of type i; 

= import and export price elasticities for goods 
or services of type i; 

= import price for goods or services of type i 
expressed in Belgian francs (import price of 
similar products of type i (competitive im- 
ports) ; 

= domestic producer price for goods or services 
of type i; 

= export price for goods or services of type i 
for Belgium; 

= price on the world market (excluding Belgium) 
for goods or services of type i (competitive 
market price for Belgian exporters expressed 
in Belgian francs). 

The classical INFORUM approach (Vanwynsberghe et al. 1977) 

uses time trend extrapolations for the relative prices P /P 
Mbi Dbi 

and P /P based on historical patterns. 
Ebi 'i 



2 1 

The demand terms D and F are defined as follows: 

where Qi = output or production of sector i and Fi depends on: 

I 
j ,k 

=industrial production in country j for sector 

k (index) based on OECD statistics; 

I =total industrial production of country j; 
1,. 

O =export flow of product i to country j (jfb) in the Ebj,i 
base year; 

such that 

where k is the OECD sector corresponding to the Belgian sector i, 

and j (j=1,2, ..., r) denotes the regions, in this case the FRG, 

France, Holland, Italy, the UK, the US, Canada, Japan, and the 

rest of the world. 

The terms I or I are either obtained from other models 
j ,k 1,. 

or from a regression of I on I and an exogenous estimate 
j ,k 1,. 

for I 
1,. 

3. THE DEMAND FACTOR EXTENSION (Nyhus, 1975) 

The extension used in the Belgian model for the foreign 

demand factor Fi uses information on OECD trade flows for the 

1/0 sectors for all regions j(j=1,2, ..., r) and on price deflators 

by country from local sources. The domestic demand factor Di 

is basically treated as described in Vanwynsberghe et al. 



(1977, pp. 21-23) and in Appendix I1 of this paper; for certain 

particularly important sectors Diis defined slightly differently 

to take into account the phenomena of straightforward reexport 

and import-processing-export. 

Using this information, historical market shares for the 

Belgian exports by sector are calculated as follows: 

e t - - t t 
bj,i Ebj,i/Eb.,i (for j91,2,.. .,r and jfb) 

and then extrapolated: 

where f(t) is a decreasing function of time t to slow down the 

time component. 

Each year, market shares are adjusted so that 

Note that the future export market share does not depend on 

relative prices. This approach, although permissible for already 

existing systems, was abandoned because of its interdependencewith 

forecasts of future relative prices .(as discussed further below). 

4. THE RELATIVE PRICE EXTENSIONS 

Four prices have to be forecast for each trading sector i: 

1. The competitive market price PW ; 
i 

2. The Belgian import price P ; 
%i 

3. The Belgian domestic producer price P ; 
Dbi 

4. The Belgian export price P 
Ebi . 



4.1 The competitive market price P 
'i 

This price will depend on the price of product i in each of 

the regions j (j=1,2, ..., r) weighted by the regional shares of the 

world market (excluding Belgium) for product i: 

t t = E i/j Ej ei7 (j=1,2,. . . ,r and jfb) 
j,i j., .,i 

and 

The competitive market price for past periods is defined as: 

with EXR(B/j) representing the exchange rate of country j in 

Belgian francs per local currency unit. 

The corresponding future pt price depends on two sets of 
W i 

factors. First, the labor cost per unit of output in each 

region j in local currency and the oil price in local currency 

per barrel (as a substitute or proxy for imports of raw materials) 

together define the local price pt in l o c a l  c u r r e n c y .  Second, 
E ~ i  

t the exchange rate assumptions and the trade patterns ei7 
j,i 

translate these prices into one effective price in B e l g i a n  

f r a n c s .  

However, in order to reduce the number of forecast vari- 

ables, the following shortcut procedure is followed: 

a. the labor cost per unit of output in each region 
t is weighted by the trade patterns ev (local currency); 
I,. 

b. the oil price in local currency is also weighted as 

in point a; 



c. the pt values expressed in Belgian francs are con- 
Wi 

verted into local currencies by the weighted currency 
t effect using the ez values, thus giving new values 

j ,i 
p't ; 

'i 

d. the P r t  values are then regressed on (a) and (b) using 
'i 

percentage changes of the variables in current and 

past years; 

t e. the PW values are calculated using the trade-weighted 
i 

exchange rate effect on the forecast values. 
i 

The labor cost per unit of output in each region and the 
t oil price (in $/barrel) are exogenous variables. Future e- 
'j ,i 

patterns are extrapolated using a similar procedure to eqn.(7). 

t Appendix I gives examples of ez patterns for chemicals, 

wood and furniture. j 

4.2 The Belgian import price P 
Mbi 

This price will depend on the price of product i in each of 

the regions j (j=1,2,. . . ,r) weighted by the market shares of the 

Belgian imports of product i: 

The import price is defined as: 

with EXR(B/j) representing the exchange rate of country j in 

Belgian francs per local currency unit. 

The forecasting of future pt prices is analogous to that 
Mbi 



of the competitive market price (described above), except that 

the trade patterns are different. See Appendix I for examples. 

4 . 3  The Belgian domestic producer price PD 
bi 

The domestic producer price will depend first on the unit 

labor cost in Belgium and second on the cost of imported (raw) 

materials. As we have abundant and very detailed information 

on the latter, we prefer to make use of it instead of the rough 

oil-proxy method used elsewhere. 

In fact, we know the imported shares of the intermediate in- 

puts of sectbr i (from the base 1/0 year) and we have already 

sector i as follows: 

with 

where XM represents the imported intermediate flow of goods 
Il i 

of type L by sector i. 

Then we regress the prices P on the Belgian unit labor 
t Dbi 

cost and on the costs CM using percentage changes for 
.L 

current and past years. See ~ppendix I for examples. 

4.4 The Belgian export price P 
Ebi 

When explaining and forecasting Belgian export prices we 

distinguish two different situations: 



1 .  cases where the Belgian exporting industry is a 

price maker;  

2. cases where the Belgian exporting industry is a 

price t a k e r .  

In the first situation, export prices are explained and 

forecast in the same way as the producer prices, using the 

same cost price elements (unit labor cost and costs of im- 

ported materials). 

In the second situation, where the Belgian exporting 

industry is a price taker, the competitive market price PW 
i 

will enter into the equation and will be adjusted to some ex- 

tent by the producer price P . 
Dbi 

Once again, the regression equations used are based on per- 

centage changes of the variables in current and past years, 
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APPENDIX I :  MARKET SHARES 

Market shares  f o r  Belqian expor ts  (et ) : Sec to r  29: Wood/"Furniture 
b j 

JAAR N R  C A N A D A  
1963 29  0.04 
1964 29  0.02 
1965 29 0.02 
1966 29  0.06 
1967 29  0.04 
1 9 6 8 2 9  0 - 1 4  
1 9 6 9 2 9  0.09 
1970 29  0.08 
1971 29  0.05 
1972 2 9  0.11 
1973 29  0.13 
1974 29  0.09 
1975 2 9  0.19 
1976 2 9  0.02 
1977 2 9  0.10 
1978 2 9  0.09 
1979 29  0.10 
1900 2 9  0.10 
1981 29. 0.11 
1982 29 0.11 
1 9 8 3 2 9  0.12 
1984 2 9  0.12 
1985 29  0.13 
1986 29  0.13 
1987 2 9  0.13 
1988 29  0.14 
1989 29 0.14 
1990 29  0.15 

Market 

JAAR NR 
1963 2 1  
1964 29  
1965 29 
1966 29  
1967 2 9  
1968 2 9  
1969 2 9  
1970 2 9  
1971 29  
1972 29  
1973 29 
1974 2 9  
1975 2 9  
1976 29  
19T I  29  
1978 2 9  
1979 29 
1980 29  
1981 29  
1982 29 
1983 2 9  
1964 2 9  
1985 29  
1986 29  
1987 2 9  
1988 2 7  
1989 2 9  
1990 2 9  

shares  

C A N A D A  
0.02 
0.03 
0.03 
0.02 
0.01 
0.0 1 
0.03 
0 .O2 
0.16 
0.01 
0.00 
0.00 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .oo 
0.00 
0.00 
0 .oo 
0.00 
0.00 
0.00 
0.00 
0 .oo 
0.00 

J A P A N  
0.02 
0.05 
0.04 
0.05 
0.17 
0.06 
0 -05 
0.05 
0.02 
0.02 
0.10 
0.22 
0.10 
0.03 
0.07 
0 -08 
0.08 
0.05 
0.09 
0.09 
0.09 
0.09 
0.10 
0.10 
0.10 
0.10 
0.11 
0.11 

FQ ANCE 
51.41 
44.47 
41.95 
41.06 
42.93 
50.21 
57.00 
39.73 
4 0.69 
36.27 
36.51 
39.55 
35.98 
40.53 
40.90 
40.64 
40.19 
39.70 
39.20 
3B.68 
39.15 
37.61 
37.07 
36.52 
35.97 
35.40 
34.92 
34.24 

f o r  Be lg ian imports (et ) : Sec to r  29: 
j b 

U S A  J A P A N  F R A N C E  DRO I T A L I A  N D L  
1.29 0.47 12.38 31.65 2.92 37.71 
0.84 0.29 11.82 36.34 3.03 33.23 
0.76 0.26 11..53 40.56 4.04 30.16 
0 4 1  0.25 13.30 41.52 5.42 28.47 
0.45 0.37 15.95 42.31 5.93 25.66 
0.45 0.21 14.49 4 1  8 1  23.26 
0.29 0.23 12.94 55.63 6.87 16.33 
0.26 1 9  16.30 47.96 1 18.15 
0.37 0.11 1 8 - 4 6  45.56 8.29 18.07 
0.48 0 1  18.68 4 4 6 1  8.42 18.40 
0.51 0.09 19.18 44.77 7.67 18 -34  
0.39 0.06 17.18 4 3 - 8 6  9.89 17.68 
0.33 0.06 17.48 44.67 9.99 17.99 
0.27 0.05 15 -02  47.13 7.90 18.23 
0.38 0.18 16.53 47.55 1 - 6 3  18.10 
0.42 0.15 16.60 47.50 7.ao 17.90 
0.42 0.16 16.79 47.30 8.06 17.68 
0.40 0 1  17.03 47.09 8.34 17.49 
0.37 0.13 17.29 46.87 8.61 17.30 
0.35 0.12 17.55 46.66 8 - 8 0  17.14 
0.32 0.10 17.81 46.45 9.17 16.98 
0.30 0.09 18.07 46.24 9.45 16.83 
0.27 0.05 19.33 46.03 9.72 16.68 
0.25 0.06 13 -59  45.82 1 0 . 0 0  16.54 
0.22 0.05 18.84 45.61 10.27 16.41 
0.19 0.04 19.09 45.41 10.54 16.27 
0.17 0.02 19 -34  45.20 10.81 16.15 
0.14 0.01 19-53 44.99 11 -08  16.02 

D V E R I G E  
5.72 
3.72 
4.21 
3.65 
4.51 
3.39 
4.32 
5.34 
3.17 
3.29 
3.61 
3.95 
4 - 5 7  
3.99 
3.98 
3.96 
3.94 
3.91 
3.89 
3.e6 
3.83 
3.80 
3.77 
3.74 
3.71 
3.67 
3 -64  
3.60 

Woo+Turni tu re  

UK O V E S I G E  
3 - 3 1  10.26 
3.12 1 1 - 3 1  
3.45 9.22 
2.57 8.02 
2.67 6.73 
2.05 6.58 
1 6.07 
2.41 6.28 
2.45 6.52 
2.64 6.62 
2.11 7.33 
2.71 8.20 
2.60 6.95 
2 4 6  7.13 
2 7.16 
2.48 7.15 
2.48 7.11 
2 4 7  7.05 
2.45 6.96 
2.42 6.87 
2.40 6.77 
2.37 6 r 6 6  
2.34 6.55 
2.31 6 r 4 3  
2.29 6.31 
2.26 6.19 
2.23 6.07 
2.20 5.95 



Market shares on the t world market (efi ) : Sector 29:  
i 

WoodFurni ture 

JAARNR CbMADA USA 
1963 29 1 2 3  11.93 
1964 29 1.58 10.37 
1965 29 1.73 9.49 
1966 29 1 1  9.43 
1967 29 1.33 9.48 
1968 29 1.70 7.Y8 
1969 29 2.65 6.33 
1970 29 3.26 5.44 
1 9 7 1 2 9  2.82 4.61 
1972 29 2.48 4.46 
1973 29 2-33 4.40 
1974 29 2.15 5.29 
1975 29 1.70 5.37 
1376 29 1 4 5  4.80 
1977 29 1.50 4.48 
1978 29 1.60 4.25 
1979 29 1.69 4.07 
1980 29 1.75 3.33 
1 9 8 1 2 9  1.80 3.83 
1982 29 1.82 3.76 
1 9 8 3 2 9  1.82 3.73 
1984 29 1.81 3.73 
1985 29 1.79 3.75 
1986 29 1.76 3.91 
1987 29 1.72 3.98 
1988 29 1 6  3.98 
1989 29 1.62 4.09 
1990 29 1-56 4.22 

Market shares for Bel 

JAAR NR CANADA 
1963 14 0.40 
1964 14 0.41 
1 9 6 5 1 4  0.36 
1966 14 0.45 
1967 14 0.39 
1968 14 0.59 
1969 14 0.33 
1970 14 0.41 
1971 14 0.43 
1972 14 0.38 
1973 14 0.42 
1974 14 0.59 
1975 14 0.65 
1976 14 0.46 
1977 14 0.46 
1978 14 0.46 
1979 14 0.47 
1980 14 0.48 
1981 14 0.48 
1 9 8 2 1 4  0.49 
1983 14 0.50 
1 9 8 4 1 4  0.50 
1985 14 0.51 
1986 14 0.52 
1 9 8 7 1 4  0.52 
1968 14 0.53 
1989 14 0.54 
1990 14 0.54 

JAPAN 
2.87 
2.75 
3.19 
3.25 
3.39 
3.22 
3.21 
3.05 
3-16 
3.10 
1.96 
1.42 
1.26 
0.92 
0.86 
0.95 
0.83 
0.79 
0.73 
0.64 
0.54 
0.42 
0.28 
0.13 
0 .oo 
0.05 
0.00 
0.00 

FRANCE 
10.39 

8.59 
7.52 
7.33 
6.97 
6.39 
6.03 
6.46 
7.02 
6.81 
6.94 
6.63 
7.35 
7.14 
7.11 
7. 13 
7.16 
7.20 
7.24 
7.28 
7.33 
7.39 
7.42 
7.47 
7.51 
7.55 
7.57 
7.60 

J 

BRD 
21.23 
22.38 
22.40 
23.74 
24.43 
26-11 
28.95 
27.65 
28.35 
24.8 1 
26.90 
26.87 
26.05 
27.34 
27.97 
28.28 
28.42 
28.43 
28.36 
28.22 
28.03 
27.80 
27.54 
27.2b 
26.94 
26.58 
26.1 9 
25.79 

I T A L I A  
7.20 
7.18 
8.50 
9.80 

10.38 
11.35 
12.48 
12.22 
11.78 
12.50 
12.05 
12.91 
14.71 
14.02 
13.66 
13.52 
13.52 
13.61 
13.75 
13.93 
14.13 
14.35 
14.57 
14.79 
15.01 
15.20 
15.39 
15.58 

NDL 
6.74 
6.99 
6.96 
7.11 
6.65 
5.66 
5.50 
5.68 
5.94 
5.94 
6.17 
5.70 
5.52 
5.66 
5.85 
5.95 
5.98 
5.95 
5.90 
5.84 
5-78 
5.71 
5.64 
5.57 
5.50 
5.42 
5.34 
5.2 7 

aian exports (et  ) : Sector 14 : 
b j 

JAPAN FQANCE 
3.32 17.07 
2.24 20.04 
1.75 18.83 
1-68 21.51 
1.61 22.84 
1.72 25.29 
1.45 22-09 
1.78 20.e3 
1-30 21.35 
1.04 20.62 
1.30 20.76 
0 19.95 
0.62 19.59 
1.13 20.15 
1.26 20.49 
1.27 20.65 
1 2 2  20.68 
1.16 20.62 
1.09 20.50 
1-02 20.34 
0.95 20.16 
0.87 19.96 
0.80 19.75 
0.73 13.53 
0.66 19.32 
0.59 19.10 
0.52 18.88 
0.44 18;65 

I T A L I A  
2.32 
2.58 
3.23 
3.31 
3.30 
3.39 
4-13 
4.29 
3.79 
4.46 
4.54 
4.42 
4.41 
3.93 
3.90 
3.97 
4.05 
4.14 
4.22 
4.31 
4.39 
4.47 
4.55 
4.64 
4.72 
4.80 
4.88 
4.96 

NDL 
15.77 
16.71 
15.84 
16.90 
17.37 
15.37 
17.27 
17.03 
15.91 
14.97 
15.67 
13.54 
13.74 
14.99 
15.32 
15.36 
15.29 
15.20 
15.08 
14.96 
14.84 
14.72 
14.59 
14.47 
14 -34 
14.22 
14.09 
13.97 

UK OVEAIGE 
10.31 28.11 

9.48 30.68 
9.28 30.93 
8.34 29.53 
7.39 29.97 
6.32 28-76 
6 28.40 
6.20 30.03 
6.20 30.11 
5-61 32.29 
4.73 34.46 
5.65 33.37 
6.66 31.38 
6.29 32.38 
6 4  32.44 
6.08 32.34 
6 0 7  32.26 
6.10 32.23 
6.17 32.22 
6.26 32.23 
6.39 32.25 
6.53 32.27 
6.70 32.30 
6.89 32.32 
7.09 32.33 
7.30 32.30 
7.51 32.27 
7.73 32.25 

Chemical Prod. 

UI( OVERIGE 
5.38 38.01 
5.04 35.31 
4.65 37.99 
3.63 33.15 
3.92 31.00 
3.59 29.57 
3.06 28.56 
3.36 27.70 
3.06 26.63 
3.19 28.54 
3.64 27.71 
4.40 29.72 
3.92 28.76 
3.76 28.65 
3.68 28.60 
3.65 28.56 
3.64 28.48 
3.65 28.36 
3.66 28.22 
3.69 29.05 
3.71 27.86 
3.75 27.66 
3.78 27.45 
3.81 27-24 
3.84 27.03 
3.88 26.81 
3.91 26.60 
3.95 26.38 



Market 

JAAR NR 
1963 14 
1964 14 
1965 14 
1966 14 
1967 14 
1968 1 4  
1969 1 4  
1970 14 
1971 14 
1972 14 
1973 14 
1974 14 
1975 14 
1576 14 
1977 14 
I F 7 8  14 
1979 14 
1980 14 
1 9 e l  14 
1982 14 
1983 14 
19114 14 
1SP5 14 
1986 14 
1987 1 4  
IS88 14 
1989 14 
1990 14 

Market 
JAAR NR 
1963 1 4  
1964 1 4  
1965 14 
1966 14 
1967 1 4  
1968 1 4  
1969 1 4  
1970 14 
1971 14 
1972 14 
1973 14 
1974 1 4  
1975 14 
1976 14 
1977 1 4  
1978 14 
1979 14 
l 9 W  1 4  
1981 14 
1982 14 
1983 14 
1984 14 
1985 14 
1986 14 
1987 14 
1988 14 
1989 14 
1990 1 4  

shares on the 

CANADA USA 
3.40 2 2 - 6 9  
3.29 24.00 
3.38 21.8b 
3.44 21.91 
3.41 21.75 
3.08 21.01 
3.22 20.11 
3.33 19.38 
3.30 18.11 
2 - 9 0  16.77 
2.55 16.54 
2.36 16.47 
2.40 18.0h 
2.58 19.41 
2.67 19.36 
2.71 19.11 
2 7 1  18.91 
2.70 18.51 
2.67 18.22 
2.64 17.94 
2.60 17.65 
2.55 17.37 
2.50 17.09 
2.45 16.81 
2.40 16.53 
2.35 16.25 
2.30 15.97 
2.25 15.69 

shares 
CANADA 

0.71 
0.76 
0.64 
0.78 
0.68 
0.69 
0.70 
0.79 
0.74 
1.19 
1.21 
0.46 
0.74 
0.62 
0.81 
0 79 
0.80 
0.81 
0.81 
0.82 
0.83 
0.83 
0.84 
0 85 
0.85 
0.86 
0.86 
0.87 

t world market (eG ) : Sector 1 4  : 
j 

JAPAN FRANCE BRD I T A L I A  NOL 
3.23 8.59 16.74 4 1 2  5 - 2 1  
3.37 8.61 16.63 4 2 3  5.20 
4.37 9 1 4  lb.86 4.69 5.64 
4.71 9.22 17.58 4 4 4  5.70 
4.44 9.51 18 -35  4.26 6.21 
4.36 8.69 17.61 4 1 0  6.20 
4.86 9.04 18.74 4.15 6 - 1 7  
4 9 1  8.00 20.70 3.79 8.24 
5.78 8.11 21.01 3.98 5 - 1 0  
6.03 8.63 21.48 3.94 9.61 
5.25 9.01 2 2 - 1 1  3.72 9.63 
6.56 8.75 19.44 4.55 10.54 
6 - 6 8  9.50 17.84 4.33 10.06 
5.01 '9.21 18.38 4.27 8.69 
5.26 9.06 18.70 4.22 8.38 
5.39 9 - 0 1  18.93 4.20 8.45 
5.51 8.99 19.09 4.19 8.64 
5.64 8.98 19.20 4.18 8 - 0 8  
5.77 Re99 19.28 4.17 9.13 
5.91 9 -00  19.33 4.17 9.39 
6.05 9 - 0 1  19.38 4.16 9.65 
6.18 9.02 19.42 4 1 6  9.92 
6.32 9.04 19.45 4 - 1 6  10.19 
6.46 9.05 19.47 4 1 5  10.46 
6 - 6 0  9.07 19.50 4.15 10.73 
he74 9.09 19.52 4.15 11.01 
6.88 9.11 19.55 4.15 11.28 
7.02 9.12 19.57 4 1  11.55 

for Belaian im~or t s  
USA JAPAN FRANCE 

22.78 0.60 15.72 
25.75 0.57 15.05 
23.45 1.13 15.82 
20.60 1 - 0 9  17.49 
19.04 0.90 19.35 
20.38 0.80 1 8 - 2 6  
20.50 0.84 16.87 
23.94 0.35 14.09 
17.90 0.87 15.57 
15.47 1.27 15.28 
14.54 0.91 15.43 
14.15 1.31 14.53 
15 -62  1.09 14.13 
18.04 0.77 14.78 
18.22 1 0  1 5 - 0 5  
18.05 0.98 15.19 
17.69 1.01 15 -18  
17.28 1-02 15.09 
16.86 1.04 14.96 
16.44 1.05 14.79 
16.01 1 - 0 7  14.61 
15.59 1.09 14.42 
15.14 1 - 1 0  14.23 
14.71 1.12 14.03 
14.28 1.14 13.83 
13.85 1.15 13.63 
13.42 1.17 13.43 
12.99 l.l@ 13.23 

: Sector 1 4 :  

I T A L I A  NDL 
2.37 12.57 
2.84 11.97 
2.93 11.95 
2.43 13.22 
2.33 13.81 
2.56 14.58 
3.20 1 5 - 6 8  
3.11 16.34 
2.94 17.14 
2 8 4  19.62 
2.94 20.34 
3.77 19.93 
3.63 19.32 
3.00 17.85 
3.03 17.31 
3.05 17.35 
3.09 1 7 - 5 9  
3.13 17.89 
3.17 18.24 
3.22 19.60 
3.26 18.97 
3.29 17.33 
3.33 19.70 
3.37 20.06 
3.41 20.42 
3.45 20.78 
3.49 21.14 
3.53 21.49 

Chemical Prod. 

UK OVERIGE 
10.89 24.95 
1 0 4 4  24.24 
10.16 23.91 

9.69 23.30 
9.42 22.64 
8.48 26.46 
9.16 23.95 
8.97 22.69 
9.55 22.06 
9.17 21.39 
8.72 21.86 
9.10 22.23 
9.01 22.10 
9.20 23.24 
9.24 23.11 
9.23 22.98 
9.21 22.85 
9.18 22.73 
9.15 22.62 
9.12 22.51 
9.09 22.41 
9.07 22.31 
9.04 22.21 
9.02 22.11 
9.00 2 2 - 0 2  
8.97 21.92 
8.95 21.82 
8.93 21.72 

Chemical Prod. 
UK OVERIGE 

7.92 16.57 
7.19 14.85 
7.03 14.75 
6.07 13.41 
6.02 12.31 
5.33 11.92 
6 - 2 0  11.98 
6.30 10.82 
7 1  12.05 
1 - 4 6  11.70 
7.41 9.96 

10.56 1 2 - 0 1  
10.48 13.00 

9.91 1 z . w  
9.60 12.18 
9.48 12.04 
9.46 11.97 
9.52 11.93 
9.64 11.92 
9.80 11.92 

10.00 11-94 
10.23 11.95 
10.47 11.97 
10.73 1 2 - 0 0  
11.00 12.02 
11.28 12.04 
11.56 1 2 - 0 6  
11.84 12.08 
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APPENDIX 11: CLASSICAL IMPORT EQUATION FOR BELGIUM 

The import equations are of the form: 

where 

Mi = imports of commodity i in year t; 

D~ 
= demand for commodity i (discussed further below); 

'di = domestic (Belgian) price index for commodity i; 

'fi = an index of foreign prices for commodity i. 

More precisely, Pfi is a weighted average of prices in the other 

eight countries for commoditiesas similar as available statistics 

allow to commodity i in Belgium. The prices include the effects 

of exchange rate changes but not the effect of tariff changes. 

The weight on the price of a given country is equal to that 

country's share in Belgian imports of commodity i in 1970. The 

shares, however, are taken from the trade model and refer to the 

shares of the other countries in that model in Belgium's imports 

of the combination of commodities in that model which most nearly 

match Belgian product i. 

In most equations, Di is domestic demand, defined as output 

less exports plus imports. This is the definition used in all 

the other models, but for Belgium it soon became apparent that, 

for some important sectors such as Chemicals and Machinery, the 

imports depended on the exports of the same product group. 

Chemical inputs, for example, into chemical exports might well 

be imported. This sequence of import-processing-export, all 

within the same commodity classification, is so common in Belgium 

that we had to change the definition of D to include exports for 

a number of products. Indeed, to go further, in a few cases we 

found that the sequence was merely one of import and reexport with 

no processing at all. Agriculture (I), Diamonds (34), and 

Chemicals (14) displayed this last property to some degree. Data 



from studies done at the University of Louvain indicated just 

where the reexport and import-processing-export phenomena were 

crucial. Thus, in our final equation Di and Mi were redefined 

as follows: 

and 

* imp 
Mi = Mi - aii Qi - eiX 

where 

a?' = that proportion of the input-output diagonal co- 
11 

efficient (the sales of an industry to itself) 

which were imports for processing for the export 

market ; 

d = a variable, either zero or one, which tells us 

whether export demand enters into the demand for 

imports in a way other than through the diagonal 

term; 

e = the proportion of exports which were actually 

reexports. 
* 

The import equation was then estimated using M as the dependent 

variable. 





THE USE OF A NORDIC SYSTEM OF INPUT-OUTPUT 
MODELS IN NORWEGIAN ECONOMIC PLANNING 

Olav Bjerkholt and Paal Sand 
Central Bureau o f  Statistics, Oslo, Norway 

1 .  I n t roduc t ion  

There i s  a long t r a d i t i o n  in use of input-output models f o r  economic 

planning i n  Noway. Input-output models p lay a  c e n t r a l  r o l e  i n  shor t - to  

medium term economic planning and policy-making a s  wel l  a s  in long-run 

p ro jec t ions .  

The Norwegian t r a d i t i o n  i n  economic planning going back to  t h e  

immediate postwar per iod have d i s t i n c t i v e  f e a t u r e s .  The philosophy and 

p r a c t i c e  of economic planning in Noway has developed i n  response t o  the  

n a t i o n a l  p o l i t i c a l  and economic background but  t o  a  cons iderab le  ex ten t  

i t  is a l s o  due t o  the  pervas ive in f luence of t h e  l a t e  p ro fessor  Ragnar 

Fr isch over severa l  v in tages  of Norwegian economists. The model t o o l s  f o r  

short- term a n a l y s i s ,  i n  p a r t i c u l a r  the  MODIS model t o  be descr ibed below, 

a r e  thus r a t h e r  d i f f e r e n t  from short- term models developed and used i n  

o t h e r  coun t r ies .  

Since the  1960s the  expor ts  and imports f i g u r e s  of t h e  Norwegian 

economy have been s t e a d i l y  above f o r t y  per cen t  of GDP. The fo re ign  t r a d e  

thus i s  of c e n t r a l  importance f o r  the  n a t i o n a l  economic development. The 

economic models i n  use have u n t i l  recen t l y  d e a l t  w i th  fo re ign  t rade  in a 

d e t a i l e d  but  simple way re l y ing  more on exper t  assessment than econometric 

est imates.  In the 1960s and the  e a r l y  1970s the development of Norway's 

fo re ign  t rade  caused l i t t l e  ground f o r  concern. Although rap id  changes 



i n  i n d u s t r i a l  s t r u c t u r e  took p lace  as a  consequence of t h e  lowering of t rade  

b a r r i e r s  i n  a  per iod of high and sus ta ined  economic growth the  Norwegian 

economy seemed t o  adapt very wel l  t o  changing t rade p a t t e r n s .  I n t e r n a t i o n a l  

booms and recess ions in  t h i s  per iod caused only small c y c l i c a l  e f f e c t s  i n  

the Norwegian economy. The exper t  assessments used in  the economic planning 

were q u i t e  r e l i a b l e  with a  marked tendency t o  underest imate the  f a s t  growth 

in expor ts .  The urgency of improved model too ls  f o r  fo re ign  t rade  was 

thus n o t  very s t rong ly  f e l t .  

I n  the 1970s. however, the  exper t  assessments turned out  t o  be 

gravely overopt imis t ic ,  even in  the  shor t  run. In re t rospec t  the  explan- 

a t i o n  is p a r t l y  a  neg lec t  of domestic product ion c o s t s  as  a  f a c t o r  i n  expor t  

performance and par t l y  i nco r rec t  assumptions about the development i n  

major t rad ing  coun t r ies .  

The four  Nordic coun t r ies  Denmark, Finland, Norway and Sweden 

c o n s t i t u t e  a  group of small open economies wi th  a  cons iderab le  amount of 

in t raqroup t rade.  (The sma l les t  Nordic count ry ,  Ice land,  wi th  about one 

per cen t  of the t o t a l  Nordic populat ion is f o r  p r a c t i c a l  reasons l e f t  

completely out  of cons iderat ion i n  the fol lowing).  In  s p i t e  of the  f a c t  

t h a t  one country (Denmark) i s  a  member of the EEC, two coun t r ies  (Denmark 

and Norway) belong t o  NATO, there a r e  s t rong  p o l i t i c a l  and popular a f f i l i -  

a t i o n s  between the coun t r ies .  The estab l ishment  of a  Nordic INFORUM system 

of input-output models i s  very much i n  l i n e  with ideas expressed i n  many 

q u a r t e r s  of the n e e d a n d d e s i r a b i l i t y  of increased Nordic economic co- 

operat ion.  There e x i s t s  no major s tudy of s t r u c t u r a l  dependencies of the 

Nordic economies. The idea of an i n t e r n a t i o n a l  INFORUM system of input-  

output  m d e l s  seemsto f i t  very wel l  i n t o  the Nordic context .  

2.  The model system i n  use i n  Norwegian economic planning 

The MODIS model i s  the main t o o l  f o r  macroeconomic ~ l a n n i n g  i n  

Norway. The model is used i n  shor t  and medium term ana lys is  and fore- 

cas t inq .  The model o r ig ina ted  around 1960 but has undergone successive 

recons t ruc t ions  and extens ions.  The p resen t  vers ion,  MODIS I V ,  has been 

i n  operat ion s ince  1973. 

The r e l i a n c e  on the MODIS model marks Norway out has h a v i n ~  a d i f f e -  

r e n t  approach t o  the use of models i n  economic planning than many o the r  



countries. The MODIS model can be characterized, in general terms, as a 

very disaggregated and detailed macroeconomic model with an elaborated 

input-output structure, but with less economic behaviour embodied in the 

formal relations of the model than is.common in macroeconomic short-term 

models. 

The core of the model is an input-output framework comprising 

about 200 commodities and 150 industries. Final demand is specified as 

several hundred separate items including about 50 items of private consump- 

tion demand. The specifications of the model are closely related to the 

Norwegian national accounts. The results of the model include complete 

accounts consistent with the definitions of the national account. The 

model has 2 000 - 2 500 exogenous variables and about 5 000 endogenous 

variables. Because of the accounting aspect of the model the stated number 

of endogenous variables may give an exaggerated indication of the size of the 

model. 

The model is subdivided in two main parts, the quantity part and 

the price part. A somewhat simplified description of the working of the 

model runs as follows. In the quantity part all final demand except private 

consumption is exogenous. Exports by commodity (about 100) are thus wholly 

exogenous. Imports are determined endogenously by a matrix of import shares, 

by imported commodity and by industry or final demand category. The use 

of a matrix of import shares thus gives a differential treatment not only 

of each imported commodity (more than 100) but also between the import 

requirements of different receivers within the economy. It has been found 

empirically that the import shares for a great number of commodities vary 

considerably between receivers. The model is thus well equipped to take 

care of import changes due to changes in the composition of production and 

final demand. The import shares are constant coefficients which can be 

adjusted exogenously by across-the-board changes for each commodity. The 

input of labour in industries is determined by labour requirement functions 

basically consisting of an estimated labour coefficient and exogenously 

given productivity growth. 

The price part incorporates the hypothesis of a dichotomy between 

exposed and sheltered industries. Prices of exposed commodities as well 

as export and import prices are exogenous. The prices of sheltered comno- 

dities are determined by adding up intermediate and primary costs in a 

simultaneous equation system. Wage rates and indirect tax and subsidy 



rates are exogenous. Gross profits (operating surplus plus depreciation) in 

sheltered industries vary proportionally~ith wage costs with proportionality 

coefficients subject to exogenous adjustment. The price part includes the 

same detailed representation of the market shares of imported comodities as 

described above. 

The model has a very detailed representation of fiscal items, i.e. 

direct and indirect tax rates, government expenditures etc., of less interest 

in the present context. 

The model may be assessed on the basis of this somewhat superficial 

description. For a proper assessment of the benefits of its use it is 

necessary to take into account how the model is used within its administrative 

environment. The openness of the model and the requirements for its use in 

terms of exogenous data, are in the fact effective barriers which prevent 

widespread use of the model for full-scale forecasting. The model has been 

designed and constructed by the Central Bureau of Statistics to be used by the 

Ministry of Finance for planning and policy-making and only someone with 

the staff resources and expert knowledge similar to those of the Minstry 

will be able to use the model to full advantage. The model is generally 

available for any interested user but is seldom used for forecasting without 

explicit or tacit support by the Ministry. 

The philosophy underlying the use of the model by the Ministry of 

Finance is that the disadvantages of working with an incomplete, open-ended 

model areoutweightedby the advantages of being able to draw upon expert 

knowledge and only partly formalized models from various sources within the 

government administration. The model is used as an integrating tool which 

provides overall consistency in definitions and balance equations as well 

as taking well care of some central behavioural relationships of the economy. 

To serve in this role the iterative use of the model is crucial. The model 

is used in sequential runs where each computes a main alternative as well 

as side alternatives expressing partial deviations from the main alterna- 

tive. The side alternatives may express alternative uses of policy instru- 

ments or alternative assumptions of exogenous variables, for instance for 

exports. Thus, through sequential runs one aims at recovering the loss in 

simultaneity that follows from using an incomplete model. 

For the foreign trade sector, in particular, the model forecasts 

gain from being based on detailed assessments of import prices, export prices 

and export volumes. On the other hand there are no built-in mechanisms 

which lead from changes in import prices to changes in import shares of 



intermediate inputs in production. Likewise, the export volumes are not 

derived within the context of a complete behavioural description of the firms 

constituting an industrial sector. The exogenous foreign trade variables 

are, of course, neither deduced from an international model giving a consi- 

stent picture of the development of Noway as well as her main trading 

partners. 

The MODIS model has a number of support models connected with it. 

Some support models are used to prepare exogenous input, others to derive 

results in more detail or to check and corroborate the overall macroeconomic 

consistency of the results. The support models cover i.a. financial flows, 

tax incidence and tax revenues, social security system, energy flows, 

external competitiveness and export shares. The support model developed 

to check the external competitiveness, called KONK, has an input-output 

structure consisting of only four aggregate industries, three exposed industry 

groups and one industry aggregate for all sheltered industries. In the model 

the changes in the price indices of exposed industries, i.e. the export 

prices as well as the domestic import-competing industries, are determined 

as weighted averages of a unit costs and a representative world market price 

index. The cost structure of the industries are connected through the 

input-output structure of intermediate goods. Changes in wage levels and 

productivities are exogenous as in MODIS. On the basis of the price fore- 

casts the changes in market shares both for exports and imports are derived 

straightforwardly as the product of estimated or assumed elasticities and 

time-weighted differences between Norwegian and world market prices. 

The development of this support model of MODIS should perhaps not 

be considered as more than a way of systematizing the preparation of exo- 

genous estimates for MODIS and also as a means of exploring consequences 

of changes in competitiveness from a MODIS reference path. No real effort 

has been put into the estimation of the coefficients of the model and pre- 

liminary tests of some crucial parts of the model have not been too promising. 

The model has been found useful within the Ministry of Finance, however, 

as a way of structuring the problem of forecasting the foreign trade 

development. The model has an extension (GLOBKONK) that forecasts the world 

market prices by means of a model simulating the cost structure of the same 

industries in Noway's trading partners. In the international extension of 

KONK unit labour costs.are transformed to commodity prices and the results 

from the combined models can be considered as a transformation into commodity 

prices of a relative unit labour coat comparison. This extension is logically 



i n t e r e s t i n g  but has so f a r  n e i t h e r  been corroborated empi r ica l ly  nor t e s t e d  

i n  p r a c t i c e .  

While t h e  KONK model o r ig ina ted  in t h e  u s e r  environment of MODIS 

and MSG another  model p r o j e c t  of more econometric content ,  c a l l e d  MODEX, 

has been developed by t h e  Cent ra l  Bureau of S t a t i s t i c s .  The MODEX model 

aims a t  exp la in ing Norwegian expor ts .  In  t h e  model t h e  volume and p r i c e  

of Norwegian expor ts  a r e  determined from v a r i a b l e s  represent ing c o s t s  ( u n i t  

labour c o s t s )  and product ion l e v e l  (GNP) of 14 o the r  OECD coun t r ies .  The 

model has been est imated only f o r  one commodity aggregate, namely manufacu- 

r i ng  goods (SITC 5-9, exc l .  68 and 735). 

I n  t h e  MODEX model t h e r e  i s  a simultaneous system of p r i c e  equat ions 

i n  which each count ry 's  expor t  p r i c e  i s  determined a s  a funct ion of an index 

of product ion c o s t s  and a compet i t ive p r i ce  which is a doubly weighted sum 

of a l l  expor t  p r i ces .  In  t h e  reduced form of t h i s  system each of t h e  export  

p r i c e s  i s  a funct ion of a l l  c o s t  i nd ices .  I n  another  s e t  of equat ions of 

the  model t h e  volume of imports of each country is determined a s  a funct ion 

of t h e  GNP and the  r a t i o  of t h e  domestic p r i ce  l e v e l  t o  an import p r i c e  

index def ined a s  a weighted sum of expor t  p r i c e s  (ad justed f o r  t h e  d i f fe rence  

between fob and c i f  p r i c e s  and customs d u t i e s ) .  The import volumes a r e  

again  weighted and sumned t o  t h e  Norwegian export  market which together  with 

t h e  r a t i o  of t h e  Norwegian export  p r i c e  index and t h e  compet i t ive p r i c e  f o r  

Norwegian expor ts  determine t h e  v o l m  of Norwegian expor ts .  

The MODIS model is t oo  la rge  t o  be included i n  an i n t e r n a t i o n a l  

system of models even i f  f u l l  s imul tane i ty  is not  at tempted. The model i s  

too cumbersome and c o s t l y  t o  so lve t o  be p a r t  of an i t e r a t i v e  so lu t ion  of 

a system of models. There e x i s t s ,  however, a recen t l y  developed aggregate 

ve rs ion  of the MODIS model c a l l e d  MODAG. 

The MODAG model has about 30 i n d u s t r i e s .  The c u r r e n t  ve rs ion  i s  

q u i t e  s i m i l a r  t o  MODIS. Fur ther  development is going on t o  make t h e  model 

l e s s  open and with more behavioural  r e l a t i o n s  and short-run dynamics than 

in t h e  MODIS model. The development work comprises f a c t o r  demand, c r e d i t  

f lows, fo re ign  t r a d e ,  and p r i c e  and income determinat ion. 

For long-run p ro jec t ions  t h e  model i n  use is t h e  MSG model which i n  

i t s  c u r r e n t  vers ion (MSG-4) uses  t h e  same input-output t a b l e  a s  t h e  MODAG 

model. The MSG model o r ig ina ted  i n  a study by professor  Leif Johansen, 

publ ished i n  1959. Since 1973 t h e  model has been developed f u r t h e r  i n  

successive ve rs ions  by the  Cent ra l  Bureau of S t a t i s t i c s .  The MSG model is 

a genera l  equ i l ib r ium model b u i l t  around an input-output framework. Each 



indust ry  has a neoc lass ica l  product ion funct ion i n  labour,  c a p i t a l ,  energy, 

and mate r ia l s .  The demand f o r  labour and c a p i t a l  se rv i ces  by t h e  i n d u s t r i e s  

i s  der ived assuming f u l l  mobi l i ty  of product ive resources.  The a v a i l a b l e  

resources a r e  thus always f u l l y  u t i l i z e d  i n  the model. The t o t a l  product ive 

capac i t y  is exogenously given a s  growth i n  t o t a l  labour fo rce ,  growth i n  

t o t a l  c a p i t a l  s tock and c o e f f i c i e n t s  of n e u t r a l  techn ica l  change. The 

nominal p r i c e  l e v e l  is determined by exogenous wage r a t e s .  The r e l a t i v e  

p r i c e s  of ,commodit ies and t h e  r e t u r n s  on c a p i t a l  a r e  determined wi th in  the  

model a s  equi l ib r ium p r i c e s  of t h e  respec t i ve  markets. The volume of imports 

is determined endogenously v i a  a matr ix  of import shares  a s  descr ibed above 

f o r  MODIS I V .  The volume of expor ts  i s  exogenously determined. The import 

p r i c e s  a r e  exogenously given and have t o  be independently fo recas ted  whi le  

t h e  i m p l i c i t  assumption about expor t  p r i c e s  i s  t h a t  they a r e  t h e  same a s  

t h e  domestic p r i ces .  The MSG model i s  used w i th in  a s im i la r  admin is t ra t i ve  

framework a s  t h e  MODIS model. 

3. The need f o r  improved f o r e c a s t s  of fo re ign  t r a d e  

The Norwegian economy with expor t  and import f i g u r e s  s t e a d i l y  

above f o r t y  per cen t  of GDP, obviously q u a l i f y  as  smal l ,  open economy. 

The t o t a l  value of expor ts  i n  1981 was 157 b i l l i o n  kroner corresponding 

t o  48 percent  of GDP. Of t he  t o t a l  value of expor ts  68 percent cons is ted  

of goods, of which 45 percent came from crude o i l  and n a t u r a l  gas. The ex- 

p o r t  basket  of goods has t r a d i t i o n a l l y  been based on c e r t a i n  i n d u s t r i e s  

comprising f i s h  prosess ing,  pulp and paper,  bas ic  chemicals,  and primary 

meta ls  wi th  increased d i v e r s i f i c a t i o n  over t ime. From a modest beginning 

i n  1971, the  crude o i l  and n a t u r a l  gae export  have grown r a p i d l y  and a r e  

today almost a s  important a s  the  expor t  of a l l  o the r  goods. Shipping is 

s t i l l  an important p a r t  of Norwegian expor ts  and counted f o r  63 percent  

of the expor t  of se rv i ces  i n  1981. 

Norwegian imports amounted t o  131 b i l l i o n  kroner i n  1981 i .e .  40 

percent of GDP. Both t r a d i t i o n a l  imports and import i n tens ive  invest -  

ments i n  the  o i l  s e c t o r  increased rap id l y  i n  t h e  middle 19709, and t o t a l  

importspeaked i n  1976 with 51 percent of GDP. Import of goods amounted 

t o  69 percent  of the  t o t a l  value of imports. 

Due t o  the  rap id  growth i n  t h e  Norwegian product ion of crude o i l  

and n a t u r a l  gas and t h e  r i s i n g  o i l  p r i c e s ,  the  balance of payments has 

had a p o s i t i v e  su rp lus  on c u r r e n t  account s ince  1980 a f t e r  years  wi th  



Table 1 . Nonegian connudity imports i n  1980 by MODAG-classification and expor t ing country (group of 
countr ies)  . M i l l  .k r. 

11 A g r i c u l t u r a l  products .................. 
12 Forest ry  products ...................... 
13 Fishery products ....................... 
32 Coal ................................... 

................ 33 Other ores and minerals 

16 Food products .......................... 
17 Beverages and tobacco .................. 
18 Tex t i l es  and wearing apparel ........... 
26 Mood and wood products ................. 
34 Paper and paper products ............... 
37 I n d u s t r i a l  chemicals ................... 
41 Pet ro l  ................................. 
42 Fuel o i l s  e t c  .......................... 
27 Non i n d u s t r i a l  chemicals etc  ........... 
43 Metals ................................. 
45 Metal products. machinery and equipment 

50 Ships and o i l  p la t forns ................ 
28 P r i n t i n g  and pub1 ish ing ................ 
71 E l e c t r i c  power ......................... 
66 Crude o i l  and natura l  gas .............. 

Non-Competitive imports 

00 Food and a g r i c u l t u r a l  products ......... 220 59 16 103 36 800 1 295 2 543 

.......................... 01 Raw mater ia ls  30 0 25 6 8 152 319 576 

02 I n d u s t r i a l  products .................... 14 13 261 214 763 2 435 4 3 772 

T o t a 1 ................................. 5 152 3 124 13 992 12 255 11 594 26 965 8 657 83 563 

1) COMECON i s  included i n  the t o t a l  . 



heavy d e f i c i t s .  The surp lus amounted t o  almost 14  b i l l i o n  kroner i n  1981. 

High expected expor t  of o i l  and gas  i n  the  f u t u r e  w i l l  al low a cons ider-  

ab le  import su rp lus  i n  o the r  commodities i n  years  t o  come. 

The fo re ign  t rade  pa t te rn  between Norway and o the r  coun t r ies  have 

been r e l a t i v e l y  s t a b l e  i n  s p i t e  of i n s t a b i l i t y  of world commodity markets 

and increased uncer ta in ty  i n  t h e  i n t e r n a t i o n a l  economic development i n  

genera l  dur ing t h e  l a s t  decade. The fo re ign  t r a d e  s t a t i s t i c s  of Norway 

spec i f y  t r a d e  by expor t ing o r  importing country i n  t h e  SITC comod i t y  c l a s s i -  

f i c a t i o n .  Tables 1 and 2 show the  expor ts  and imports i n  1980 by country 

(group of c o u n t r i e s )  i n  the  commodity c l a s s i f i c a t i o n  of the  MODAG model. 

About 90 percent  of the  t rade  took p lace with OECD-countries. The main 

t r a d e  p a r t n e r s  bes ide the  Nordic c o u n t r i e s  were t h e  United Kingdom and 

West Germany. 

Although t h e  fore ign t r a d e  sec to r  p lays an important r o l e  i n  the  

Norwegian economy, l i t t l e  emphasis has been placed - ae explained above - on 

expor t  and import r e l a t i o n s  i n  the macroeconomic models i n  c u r r e n t  use f o r  

economic planning and policy-making in  Norway. The main models i n  use 

a r e  t h e  MODIS model f o r  shor t  and medium term planning and t h e  MSG model 

f o r  long term p ro jec t ions .  Espec ia l ly  i n  t h e  MODIS model t h e  t reatment  

o f  t h e  fo re ign  t rade  s e c t o r  i s  very d e t a i l e d  and e x p l i c i t l y  made so i n  

an attempt t o  b e n e f i t  from exper t  assesment of world market development. 

Imports a r e  determined edogenously by a matr ix  of import shares ,  whi le 

expor ts  a r e  wholly exogenous. 

I n  an at tempt t o  eva luate t h e  model i n  use ,  t h e  f o r e c a s t s  from t h e  

"nat iona l  budgets" , the annual economic p lans ,  were combined wi th  the  ob- 

served values f o r  t h e  fo re ign  t rade  i n  the 1970s. Table 3 shows the fo re -  

c a s t s  and observed percentage changes i n  columes of expor ts  and imports by 

type of goods and se rv i ces .  The same f i g u r e s  a r e  shown a l s o  f o r  another 

important demand component, namely p r i v a t e  consumption and f o r  g ross  dome- 

s t i c  product.  By comparing f o r e c a s t s  and observed va lues one may see t o  

what e x t e n t  t h e  economic developments occur ing i n  the  per iod were expected 

by po l icy  makersar  forseen by exper ts .  The f o r e c a s t s  shown i n  t a b l e  3 

have been made midyear i n  prepar ing the  n a t i o n a l  budget f o r  t h e  coming y e a r ,  

whi le the  observed values a r e  taken from the  n a t i o n a l  accounts.  

The main impression from t h e  t a b l e  i s  t h a t  t h e r e  have been very 

g r e a t  d i sc repanc ies  between f o r e c a s t s  and observed va lues both f o r  imports 

and expor ts .  The average absolu te  dev ia t ion  between f o r e c a s t s  and observed 



Table 2 . N o w g r a n  conmodity expor ts  in  1980 by CIOOAG-classification and import ing country (group of 
c o u n t r i e s )  . Mil l .kr .  

Den- F in-  n~ e ve op . .. land d e n  i n d  A n y  $! u n  ~ o t a l  l '  
d m  r i e s  

Agr i cu l tu ra l  products ................... 
Fores t ry  products ....................... 
F ishery  products ........................ 
Coal .................................... 

................. Other o r e s  and minerals  

Food p roduc ts  ........................... 
Beverages and tobacco ................... 
T e x t i l e s  and wearing apparel  ............ 
Wood and rood products .................. 
P a p r  and paper products ................ 
industrial chemicals .................... 
Pet ro l  .................................. 
Fuel o i l s  e t c  ........................... 
Non i n d u s t r i a l  chemicals e t c  ............ 
M U 1  s .................................. 
M u 1  products.  m c h i n e r y  and equipment . 

................. Ships and o i l  p l a t f o m s  

P r i n t i n g  and publ ish ing ................. 
.......................... E l e c t r i c  power 

Crude o i l  and na tu ra l  g a s  ............... 

Non-Competitive imports 

00 Food and a g r i c u l t u r a l  p roduc ts  .......... 
01 R a w  m a t e r i a l s  ........................... 
02 I n d u s t r i a l  products ..................... 
T o t a 1 .................................. 3 797 1 478 8 487 37 833 15 470 14 331 6 498 89 205 

1 )  COMECON i s  inc luded i n  t h e  t o t a l  . 



annu-1 percentage changes i n  t h e  per iod  1972-81 is  c a l c u l a t e d  t o  6.6 

percen t  f o r  coarmodity e x p o r t s  and 4.4 f o r  commodity Imports.  Even i n  

t h e s e  f i g u r e s  t h e r e  is a  c e r t a i n  amount of u n c e r t a i n t y  l e f t  o u t  because 

o i l  and g a s ,  s h i p s  and equipment f o r  o i l  p roduct ion  a r e  excluded. The 

f o r e c a s t s  f o r  s e r v i c e s  a r e  even more imprec ise .  A c l o s e r  examinat ion of 

t h e  t a b l e  r e v e a l s  a n  extremely bad f o r e c a s t  f o r  t h e  Imports of c o m o d i t i e s  

i n  1978. Imports went down wi th  a lmos t  10  p e r c e n t  t h i s  yea r  wh i l e  t h e  p red i c -  

t ed  va lue  was a  growth of n e a r l y  4 percen t .  A g r e a t  d e a l  o f  t h e  d i s c r e -  

panc ies  between observed va lues  and f o r e c a s t s  a r e  due t o  c o n t r a c t i v e  p o l i c y  

measures in t roduced du r i ng  t h e  yea r  i n  1978. Th is  change i n  po l i cy  led t o  

a  drop i n  p r i v a t e  consumption and a l s o  t o  a  lower growth r a t e  i n  GDP than  

p red i c ted .  I f  t h i s  year  i s  l e f t  o u t ,  t h e  average a b s o l u t e  e r r o r  f o r  impor ts  

of commodit ies i s  reduced t o  3.3 percen t .  Th is  i s  y e t  more r e l i a b l e  t han  

t h e  e x p o r t  f o r e c a s t s , ,  bu t  more than  tw ice  a s  h igh  a s  t h e  e r r o r  f o r  p r i v a t e  

consumption and GDP. 

The expo r t  f o r e c a s t s  were o v e r o p t i m i s t i c  i n  t h e  1970s u n t i l  1978 

when t h e  p r e d i c t i o n s  tu rned  o u t  t o  be more r e l i a b l e .  In r e t r o s p e c t  one 

may say  t h a t  t h e  e x p e r t  assessments  f a i l e d  p a r t l y  i n  t h e  assumpt ion 

about  t h e  development abroad and p a r t l y  i n  mis judg ing t h e  domest ic produc- 

t i o n  c o s t s  a s  a  f a c t o r  behind expo r t  performance. The o p t i m i s t i c  expo r t  

f o r e c a s t s  a l s o  l e d  t o  ove res t ima t i on  o f  t h e  growth r a t e  of GDP. 

From examinat ion of t a b l e  3 it is r a t h e r  obvious t h a t  t h e  imprec ise  

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

term ou t l ook  of t h e  economy. E f f o r t s  i n  improving t h e  a n a l y t i c a l  t o o l s  

a r e  t h e r e f o r e  h igh l y  welcomed by t h e  p lann ing a u t h o r i t i e s .  

4. Out l i ne  of .a Nordic INFORUM system of models 

The b a s i c  i d e a s  behind t h e  INFORUM-IIASA i n t e r n a t i o n a l  system of 

input -output  models were s t a t e d  by i t s  founder p ro fesso r  Clopper Almon 

i n  a  paper f o r  t h e  Seventh I n t e r n a t i o n a l  Conference on Input-Output 

Techniques i n  1979 i n  t h r e e  main p o i n t s :  

- connect ion  through i n t e r n a t i o n a l  t r a d e  

- s i m i l a r i t y  i n  i n p u t  and ou tpu t  convent ions  

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

As a  r e s u l t  of t h i s  i n i t i a t i v e  today about  20 i n s t i t u t i o n s  from 

d i f f e r e n t  c o u n t r i e s  p a r t i c i p a t e  i n  t h e  model system. The f i n a l  goa l  of 

l i n k i n g  models c o n t r i b u t e d  by n a t i o n a l  p a r t n e r s  jtil!. l i e s  ahead, bu t  w i l l  

hope fu l l y  be ach ived i n  t h e  nea r  f u t u r e .  



Table 3. Expor t  and import of c o m d i t i e s  and serv ices,  p r i v a t e  consumption, and gross domestic product. 
Annual percentage changes i n  v o l u m  ( f o recas t s  and observed va lues) ,  and cu r ren t  values f o r  1981 

Expor t  of ... c o m d i t i e s l '  53.9 
Forecasts  ..... 11.8 6.1 5.2 16.6 12.0 3.0 5.0 4.0 6.6 ...... Observed 10.3 -1.0 -12.5 11.0 -2.7 4.3 9.2 -0.5 

Expor t  of serv ices2)  9.3 
Forecasts  ..... 10.1 28.1 23.9 9.9 10.3 6.4 ...... Observed 13.0 20.9 14.3 10.7 -5.4 -6.9 1::: ::: '" 

Impor t  of 
conmodit ies3' ... 84.9 

Forecasts  ..... 10.0 9.5 7.5 7.9 10.2 3.9 6.0 ...... Observed 14.5 10.5 1.1 10.0 7.5 -9.8 4.7 ::: -:::) 4 ' 4  

Impo r t  of serv ices4)  9.3 
Forecasts  ..... 11.6 5.1 5 9 5.8 7.5 6.1 5.0 ...... Observed 9.1 1 . 0  1 7 7  1 . 3  6.5 14.3 -10.4 -::: -;I!) 6 '3  

P r i v a t e  Consumption 155.5 
Forecasts  ..... 4.3 4.0 5.7 4.3 4.4 3.2 0.0 2.1 

...... Observed 2.9 3.9 5.1 6.1 6.9 -1.6 3.2 2.2 

Gross D o m s t i c  
Product  ......... 328.0 

Forecasts  ..... 4.6 5.4 6.2 7.0 8.0 6.8 ...... Observed 4.1 5.2 4.2 6.8 3.6 4.5 ::: ::: A::} 
1) Exc l .  o i l  and gas. sh ips ,  and e q u i p n n t  f o r  o i l  p roduct ion.  
2 )  Excl.  tourism, gross rece ip t s  from shipping. and o i l  d r i l l i n g  and p i p e l i n e  serv ices.  
3) Exc l .  sh ips  and equipment f o r  o i l  p roduct ion.  
4)  E x c ~ .  t ou r i sm  Lnd gross expendi ture  f o r  sh ipp ing and o i l  d r i l l i n g .  

e = Average abso lu te  e r r o r  between forecasted and observed annual percentage changes i n  the p e r i o d  1972-81. 



The i n t e r n a t i o n a l  INFORUM system of  models f i t s  very  we l l  i n t o  t h e  

Norwegian framework of  p lann ing  models,  and t h e r e  i s  a  growing i n t e r e s t  

and concern  f o r  model ing t h e  f o r e i g n  t r a d e  s e c t o r  oE t h e  models i n  use .  

Such a  s y s t a a  can  improve assessments  of f o r e i g n  t r a d e  i f  t h e  f o r e c a s t s  

of t h e  n a t i o n a l  models i n  t h e  s y s t e n  a r e  r e l i a b l e  and t h e  l i n k i n g  mechanism 

r e p r e s e n t s  f o r e i g n  t r a d e  r e l a t i o n s  i n  a  s a t i s f a c t o r y  way. 

As p a r t  of  t h i s  more comprehensive i n t e r n a t i o n a l  p r o j e c t ,  government 

and r e s e a r c h  i n s t i t u t i o n s  i n  t h e  Nordic c o u n t r i e s  (Denmark, F in l and ,  Norway 

and Sweden) dec ided a t  a  meet ing i n  February 1982 t o  t r y  t o  e s t a b l i s h  a  

Nordic INFORUM sys tem of  models o r  a  submodel t o  t h e  INFORUM system, 

c a l l e d  NORDHAND. The fou r  Nordic c o u n t r i e s  c o n s t i t u t e  a  group of  smal l  

open economies w i t h  a  c o n s i d e r a b l e  amount of  mutua l  t r a d e .  The model sys tem 

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

The d a t a  base  w i l l  compr ise 12 c o u n t r i e s  o r  g roups  of  c o u n t r i e s .  In  a d d i t i o n  

t o  t h e  f ou r  Nordic c o u n t r i e s ,  t h e s e  a r e  t h e  United Kingdom, West Germany, 

t h e  United S t a t e s ,  Canada, Japan,  o t h e r  OECD-members, Comecon and deve lop ing  

c o u n t r i e s .  

The Nordic sys tem of models w i l l  be based on a  group ing  of  commo- 

d i t i e s  t h a t  compr ise  34 groups.  These groups a r e  d e f i n e d  s o  a s  t o  be  aggre-  

g a t e s  of t h e  119 SITC-commodities i n  t h e  INFORUM-system. (See t h e  Danish 

paper f o r  d e t a i l s . )  Nat iona l  i npu t -ou tpu t  models f o r  t h e  r e s p e c t i v e  c o u n t r i e s  

w i l l  be jo ined i n  t h e  model system. The u s e  and f u r t h e r  development of  

t h e  n a t i o n a l  models w i l l  be  l e f t  t o  t h e  p a r t i c i p a t i n g  i n s t i t u t i o n s .  The 

model system w i l l  i n c l u d e  a  t r a d e  model, and t h e  f i r s t  approach t o  t h i s  

w i l l  be  q u i t e  s imp le .  

With d i f f e r i n g  commodity s p e c i f i c a t i o n s  i n  t h e  n a t i o n a l  mode ls ,  

t r a n s f o r m a t i o n  m a t r i c e s  f o r  c o n v e r t i n g  e x p o r t s  and impor ts  t o  t h e  c o m o n  

grouping of  commodi t ies must be e s t a b l i s h e d .  The t r a n s f o r m a t i o n  m a t r i c e s  

must a l s o  t a k e  i n t o  account  t h e  n e c e s s i t y  of t r ans fo rm ing  t h e  n a t i o n a l  

t r a d e  f i g u r e s  t o  a  common cu r rency .  The d a t a  work i n  t h e  f i r s t  phase i f  

t h i s  p r o j e c t  w i l l  be  t o  e s t a b l i s h  t ime s e r i e s  f o r  marke t  s h a r e  m a t r i c e s  

f o r  e x p o r t s  and impor ts  by commodity and c o u n t r i e s .  The model system w i l l  

a l s o  i n c l u d e  e x p o r t  r e l a t i o n s  f o r  e x p o r t s  t o  some c o u n t r i e s  o u t s i d e  t h e  

Nordic a r e a .  

The n a t i o n a l  model f o r  Norway w i l l  be t h e  model MODAG i n  c u r r e n t  

u s e  i n  t h e  C e n t r a l  Bureau of S t a t i s t i c s .  The model i s  d e s c r i b e d  e a r l i e r  



i n  t h i s  paper,  and t h e  cu r ren t  vers ion i s  q u i t e  s i m i l a r  t o  MODIS. The 

Swedish model, named ISMOD, comprises 28 i n d u s t r i e s  with a d e t a i l e d  r e -  

p resen ta t ion  of d i f f e r e n t  technolog ies i n  t h e  manufacturing sec to r .  The 

n a t i o n a l  model f o r  Finland, named FMS, a l s o  comprises about 30 i n d u s t r i e s .  

The model sys temcons is tso f  var ious submodels with t h e  input-output pro- 

duction-consumption model and t h e  p r i c e  model a s  the  main p a r t s .  The 

Danish model i s  t h e  most disaggregated one wi th  1 1 7  i n d u s t r i e s .  The model 

i s  a t  present  simple with regard t o  economic c o n t e n t ,  but development i s  

going on t o  make the  model l e s s  open and wi th  more behavioural  r e l a t i o n s .  

The o u t l i n e  of a t r a d e  model presented below i s  meant as a f i r s t  

s t e p  i n  c r e a t i n g  a more comprehensive t rade  model. The model presented 

i s  a s imple market share model. The na t iona l  models a r e  represented here 

only through a vector  of a c t i v i t y  l e v e l s ,  comprising product ion a s  wel l  a s  

f i n a l  demand, and a vector  of comod i t y  exports.  

Imports of each commodity represented i n  t h e  n a t i o n a l  model i s  

es t imated from an import share matr ix .  

(1 B~ = $ . 5 . A* Vector of imports by commodity i n  country k 

where Ak ;. a c t i v i t y  l e v e l s  of country k ,  

% = Import share mat r i x  f o r  country k ,  and 

$ = t ransformat ion matr ix  f o r  imports i n  country number k ,  1.e. 

f o r  t ransforming n a t i o n a l  commodity c l a s s i f i c a t i o n  t o  t h e  

common Nordic l i s t  of commodities. 

The inter-Nardic t r a d e  s t r u c t u r e  is descr ibed by a matr ix  M, each 

element of which i s  a vector :  

Ml t l  = market shares  by comod i t y  of country k i n  t h e  imports of 

country 1. 

The expor ts  of country k can now be determined from o ther  c o u n t r i e s '  

imports as  

k 
By means of a t ransformat ion mat r i x  'Tk , X can be transformed 

t o  t h e  commodity c l a s s i f i c a t i o n  of t h e  na t iona l  model. 



The t r a d e  matr ix  H, which r e a l l y  i s  threedimensional ,  can be const ruc-  

ted from fo re ign  t rade  s t a t i s t i c s ,  such as  given f o r  Norway i n  t a b l e s  1 and 

2  above. Imp l i c i t  i n  the  above reasoning i s  t h a t  f o r  a  given year import 

of a  given counnodity by country i from country j i s  equal t o  the  expor t  of 

the  same commodity frocn country j t o  country i. This i s n o t n e c e s s a r i l y  t h e  

case  i n  the  fo re ign  t rade  s t a t i s t i c s .  There a r e  severa l  reasons why dev i -  

a t i o n s  from t h i s  may occur. The s t a t i s t i c a l  d a t a  w i l l  have t o  be recon- 

c i l e d  t o  f u l f i l l  t h i s  condit ion. There i s  now work going on t o  compile time 

s e r i e s  f o r  the  elements i n  H. 

The model ( 2 )  w i l l  be appl ied t o  inter-Nordic t rade.  Exports to  coun- 

t r i e s  o u t s i d e  the Nordic coun t r ies  w i l l  be est imated from export  r e l a t i o n s  

lrery much l i k e  t h e  shor t -cut  l i n k  i n  the  INFORUM system of models descr ibed 

i n  the S t a t u s  Report ,  December 1980. 

where < = expor ts  f r m  country k t o  the r e s t  of the  world, 

D = domestic demand i n  country j ,  
j 

pk = export  p r i ce  f o r  country k ,  

pL = weighted average of expor tp r i ces  f o r  export-competing 

c o u n t r i e s ,  and 

y = pr i ce  e l a s t i c i t y  

In the ongoing work with the Nordic INFORUM pro jec t  the  export  r e l a -  

t i o n s  (3) w i l l  be est imated f o r  four  aggregate commodity groups, food, raw 

m a t e r i a l s ,  energy and manufactures. This s t rong aggregat ion i s  mainly due 

t o  d a t a  problems, but a l s o  because of the d i f f i c u l t y  of achiv ing r e l i a b l e  

est imates t o  be used i n  the model fo recas ts .  

The Nordic INFORUM system of models a s  ou t l i ned  above, w i l l  be ope- 

r a t i n g  i n  the fol lowing way: 

Each Nordic country c a r r i e s  ou t  model c a l c u l a t i o n s  of the  na t iona l  

1-0 model based on est imat ion of expor ts  t o  the world ou ts ide  the Nordic 



coun t r ies  and prel iminary guesses of t h e  Nordic t rade.  From the pre- 

l iminary est imat ion of imports i n  the  na t iona l  models, t h e  i n t e r  Nordic expor ts  

=an be determined. Di f ferences between the  "guesstimates" and the  model 

ca lcu la ted  expor ts ,  requ i res  another round of na t iona l  1-0 model c a l c u l a t i o n s  

- and s o  on u n t i l  t he  d iscrepanc ies a r e  acceptab le .  The eva luat ion of the  

o v e r a l l  model r e s u l t s  may of course lead t o  f u r t h e r  model c a l c u l a t i o n s  based 

on rev ised  market shares ,  changes in  o the r  exogeneous va r iab les  o r  po l icy  

instruments.  The i t e r a t i o n  procedure presupposesthat  each p a r t i c i p a n t  i n  

the  p r o j e c t  e a s i l y  can run the  na t iona l  model, and t h a t  the  model r e s u l t s  

qu ick ly  can be d i s t r i b u t e d  t o  the o the rs .  No s t e p s  have been taken so f a r  

t o  make the  na t iona l  models run on the  same computer o r  be programmed i n  

a  couunon language. In connection with f u r t h e r  development of t h e  model system, 

and s p e c i a l l y  i n  the  case of l ink ing t h e  Nordic system t o  the  i n t e r n a t i o n a l  

INFORUM system of models, theee problems w i l l  have t o  be resolved and SLIMFOR 

might then be the  neares t  a l t e r n a t i v e .  1) 

The use of the  na t iona l  models i n  t h e  model system a r e  an important 

f e a t u r e  of the p ro jec t .  And the  succese of the  p ro jec t  i s  highly dependent 

on them. Spec ia l ly  i n  the  use and a n a l - ~ q i =  of the model r e s u l t s  i t  i s  

necessary t h a t  the  na t iona l  models a r e  b u i l t  upon a  connnon framework and 

t h a t  the  economic behaviour i n  the  formal r e l a t i o n s  a r e  of approximately the  

same type cover ing equal p a r t s  of the economy. 

The model system w i l l  bene f i t  from opera t iona l  1-0 models i n  use i n  

the  t b r d i c  count r ies .  The system w i l l  secure cons is ten t  t rade  between them, 

and t h e  feed-back e f f e c t s  w i l l  be f u l l y  taken ca re  o f .  The d e t a i l e d  s p e c i f i -  

ca t ion  of expor ts  and imports and the in teg ra t ion  i n t o  the  input-output 

s t r u c t u r e  of product ion and demand, make the model system very wel l  s u i t e d  

i n  analyzing s t r u c t u r a l  changes and the  development of t rade.  

The model system a r e ,  of course,  very simple in  economic content ,  and 

should be f u r t h e r  developed, f i r s t  of a l l  by in t roduc ing p r i ces  o r  c o s t  

ind icee t o  endogenize the  inter-Nordic market shares.  A t  present  t h e  shares  

a r e  t r e a t e d  exogenously given, and changes have t o  come from t rends i n  time 

s e r i e s ,  o r  i n t u i t i v e  aasesements of the  impact of the  use of po l icy  ins t ru -  

ments o r  o the r  f a c t o r s .  

1) The SLIMFOR program i s  converted t o  a  NORD 10 computer i n  the  Central  
Bureau of S t a t i s t i c s ,  and a  s l im vers ion of MODAG is implemented. 
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Hans Olsson and Lennart Sundberg 
Statens Industrieverk, Stockholm, Sweden 

1. General background 

At a meeting i n  Oslo, February 1982, representat ives o f  t he  l a rges t  Nordic 

count r ies  (Denmark, Finland, Norway and Sweden) decided t o  b u i l d  a sub-model 

f o r  the  t rade between t h e i r  countr ies,  aiming a t  l a t e r  possib ly be connected 

t o  a complete i n te rna t i ona l  model o f  the  IIASAIINFORUM type. The nordic mo- 

de l ,  however, should a lso  be possib le t o  use seperately. 

It was decided t o  disaggregate the  model i n t o  34 commodity sectors (see 1 i s t  

i n  Appendix 2 ) .  With the  help o f  t ransformat ion matr ices these sectors w i l l  

be l i nked  t o  t he  i nd i v i dua l  count r ies '  own nat iona l  input-output  models. 

The design andaggregation l eve l s  o f  the  l a t t e r  i s  no t  intended t o  be con- 

s idered i n  t h i s  model p ro jec t .  

Determination o f  t o t a l  import demand f o r  each country and each comnodity 

g r o u p w i l l  be the  core o f  the  t rade model. 'This import demand w i l l  then be 

d i s t r i b u t e d  among the o ther  Nordic producer count r ies  and count r ies  outs ide,  

by a type of market share funct ions.  Having determined a l l  these imports, 

the  d i f f e r e n t  Nordic countr ies exports t o  each o ther  w i l l  a lso  be deter-  

mined, i n  p r i n c i p l e .  I n  order t o  a r r i v e  a t  t o t a l  exports, t he  exports t o  

the  non-Nordic countr ies a lso have t o  be determined. 



2 .  Out l i ne  o f  the equation system 

Each Nordic count ry 's  t o t a l  import volume o f  each comnodity group i s  a 

f unc t i on  o f  the  t o t a l  demand f o r  the  comnodity group w i t h i n  the  country 

and the r e l a t i o n  between the average import  p r i c e  and the  p r i c e  o f  home- 

produced goods : ' ) 
(1 Mij = mij (Cij, PM. 1 J  ./pH. 1J .) 

It i s  poss ib le  t o  inc lude i n  the  import f unc t i on  a l so  such fac to rs  as capa- 

c i t y  u t i l i s a t i o n ,  t rends and so on. 

This t o t a l  import demand i s  d i s t r i b u t e d  among d i f f e r e n t  producer count r ies :  

each o f  the other Nordic count r ies  and the  r e s t  o f  the  world. Imports from 

a c e r t a i n  Nordic country i s  a f unc t i on  o f  the import count ry 's  t o t a l  i m -  

p o r t  demand and the  p r i c e  o f  the imports from the producer country i n  

question, i n  r e l a t i o n  t o  the average import p r ice :  

Where o f  course Mijk = 0 f o r  j = k. 

Imports from r e s t  o f  the world i s  determined as a res idua l :  

Turning now t o  export  volumes, one count ry 's  imports from another i s ,  theo- 

r e t i c a l l y ,  equal t o  the exports from the l a t t e r  t o  the  former: 

I n  prac t ice ,  however, d i f fe rences ex i s t ,  owing t o  d i f f e r e n t  p r i n c i p l e s  of 

r e g i s t r a t i o n ,  pe r i od i s i ng  and so on. Therefore a more general f unc t i on  i s  

employed: 

1 )  The symbols are f u l l y  explained i n  Appendix 1. 



Exports t o  the  r e s t  o f  the world could be taken as a  f unc t i on  o f  world 

t rade and the r e l a t i o n  between the  s e l l e r  count ry 's  export  p r i c e  and the  

wor ld market p r ice :  

This equation could be made more sophist icated,  espec ia l l y  i f  world t rade 

can be d i v i ded  among comnodity groups and among count r ies  ( regions).  

Total  volume o f  exports w i l l  now be 

A count ry 's  average import p r i c e  could be viewed as a  weighted average o f  

the  p r i ces  o f  imports from d i f f e r e n t  countr ies:  

where the weights r e f l e c t  the s e l l e r  count r ies  shares i n  the buyer coun- 

t r y ' s  imports. 

Theore t ica l ly ,  the  p r i c e  o f  the imports t o  one country from another i s  

equal t o  the p r i c e  o f  the  exports from the l a t t e r  t o  the former. Substi- 

t u t i n g  PXikj f o r  PMijk i n  ( 9 )  would y i e l d  

I n  p rac t i ce  t h i s  would not  hold, depending on va luat ion  ( c i f - f o b ) ,  d i f f e -  

r e n t  index formulas, per iod is ing ,  etc.  This would mot iva te  a  more general 

f unc t i on  



I n  t h e  i m p o r t  f u n c t i o n  

t i c e  PMijk i s  o f t e n  no 

" t r a n s l a t i o n  f u n c t i o n "  

t h a t  pijk = pij f o r  a1 

( 2 )  above, t h e  v a r i a b l e  PMijk i s  a l s o  used. I n  prac- 

t observable. Therefore,  i t  i s  assumed t h a t  t h e  

p. . a1 so holds f o r  each s e l  l e r  country ,  t h a t  i s  
1 J 

1 k :  

The q u e s t i o n  of measuring PXikj i s  considered below, r e l a t i o n  (13) .  

As f o r  e x p o r t  p r i c e s ,  i t  cou ld  be assumed t h a t  each Nord ic  c o u n t r y ' s  

average e x p o r t  p r i c e  f o r  a  comnodity i s  a  f u n c t i o n  o f  i t s  domestic pro-  

ducer  p r i c e :  

A more compl icated model m i g h t  be desi red,  where PXik and perhaps a l s o  

pHik were dependent on p r i c e s  i n  o t h e r  c o u n t r i e s ,  l i n k e d  w i t h  t h e  h e l p  

o f  i m p o r t  p r i c e s .  

I n  t h e  i m p o r t  p r i c e  equat ions (10) above t h e  v a r i a b l e  PXikj i s  used. T h i s  

one i s  n o t  so easy t o  measure, however. It i s  g e n e r a l l y  assumed t h a t  a  

s e l l e r  c o u n t r y ' s  e x p o r t  p r i c e  index ( i f  n o t  the  abso lu te  p r i c e  l e v e l s )  

i s  t h e  same f o r  e x p o r t s  t o  a l l  c o u n t r i e s :  

Expor t  p r i c e s  f o r  t h e  wor ld  o u t s i d e  t h e  Nord ic  c o u n t r i e s  m i g h t  prove t o  

be d i f f i c u l t  t o  observe. As an approx imat ion  t h e  Nord ic  c o u n t r i e s '  average 

i m p o r t  p r i c e  cou ld  be used f o r  each comnodity group: 

where t h e  weights  u r e f l e c t  t h e  s i z e  o f  t h e  Nord ic  c o u n t r i e s  impor ts .  
j 



Aooendix 1: Svmbols and d e f i n i t i o n s  

The model contain 5  countr ies,  which as importers are designed by j and 

as exporters by k: 

where i t  could be taken tha t  

1  = Denmark 

2 = Finland 

3  = Norway 

4  = Sweden 

5  = r e s t  o f  the world 

The r e s t  o f  the wor ld i s  planned t o  be d iv ided f u r t h e r  i n t o  regions but  

t h i s  has no important consequences f o r  the model s t ruc ture .  

The model contain 34 comnodity groups, designed by i: 

The fo l l ow ing  var iab les  are employed: 

* 
Mijk = imports i n  cur rent  p r ices ,  US b, comnodity group i, t o  country j, 

from country k. 

M: = imports i n  cur rent  pr ices,  US I, comnodity group i, t o  country j, 
t o t a l .  

xTk j  = exports i n  cur rent  pr ices,  US I, comnodity group i, from country k, 
t o  country j 

xYk = exports i n  cur rent  pr ices,  US $, commodity group i, from country k, 
t o t a l .  

PMijk= p r i c e  index, US $, 1975 = l,00 f o r  country j : s  imports from country 
k  o f  comnodity group i 

PM. . = p r i c e  index, US I, 1975 = l ,00 fo r  country j :s t o t a l  imports o f  
l J  commodity group i 



PXijk= p r i c e  index, US $, 1975 = l,00 f o r  country k:s exports t o  country 
j o f  commodity group i 

PXik = pr i ce  index, US $, 1975 = l,00 f o r  country k:s t o t a l  exports o f  
comnodity group i 

Mij = M../PMij corresponding t rade f lows i n  
1J constant pr ices  

Xijk ' X . .  1 J k /PXijk 

Xij = X../PXij  I J J 
Cij 

= t o t a l  consumption i n  constant pr ices  o f  comnodity i i n  country j. 

W = world t rade i n  constant pr ices  

mij, mijk, xijk, pi j, rik means functions, as understood by the t e x t  

vijk, U .  means weights, as understood by the tex t .  
J 

Appendix 2: Grouping o f  fo re ign t rade 

Sector 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Group 

Agr icul  t u r a l  products 

Fishery products 

Forestry products 

I r o n  ore 

Crude o i l  

Other ores and minerals 

Food products 

Beverages and tobacco 

Text i  1 es 

Clothing, lea ther  and s k i n  products and 
footwear 

Sawn and planed wood 

Furni ture,  a l so  o f  metals 

Other wood products 

(cont. ) 



Sector 

14 
15 
16 
17 
18 
19 
20 
21 
2 2 
23 

24 
25 
26 
2 7 
28 
2 9 
30 
31 
32 
33 
34 

Group 

Wood pulp 
Paper and paper products 
Printing and pub1 ishing 
Petroleum products 
Rubber products 
Primary chemicals and plastics 
Other chemicals and plast ic products 
Non-metal1 i c  mineral building materials 
Glass and ceramic products 
Iron and steel 
Non-ferrous metals 
Metal products 
Nan-electric machinery 
Electrical machinery 
Motor vehicles 
Ships, oi l  r igs etc. 
Other transport equipment 
Precision instruments, watches 
Other manufacturing products 
Electric power 
Gas 





DIRECT AND INDIRECT LMPORT CONTENTS BY COMMODITY 
GROUPS AND COUNTRIES: DENMARK 1978 

Bent Thage 
Danmarks Statistik, Copenhagen, Denmark 

In t roduct ion .  

As p a r t  o f  a more comprehensive i n t e r n a t i o n a l  p r o j e c t  i n i t i a t e d  by t h e  

I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied Systems Analysis (IIASA) and the  Inforum 

group a t  Un i ve rs i t y  o f  Maryland, U S A ~ ,  the  Scandinavian count r ies  (Norway, 

Sweden, Fin land and Denmark) decided i n  the  beginning o f  1982 t o  s t a r t  work 

on a submodel f o r  these countr ies,  the  aim o f  which i s  t o  descr ibe and ex- 

p l a i n  f o re ing  t rade between them2. To take i n t o  account t he  fu r the r  in terna-  

t i o n a l  p lans f o r  t he  p ro jec t ,  f o re ign  t rade w i t h  o ther  count r ies  has a lso  

been subdiv ided by country o r  country group. Annex 1 se ts  out  the 12 coun- 

t r i e s  o r  regions considered. 

Commodities are  subdiv ided i n t o  34 groups, c f .  annex 2. These groups are 

def ined so as t o  be aggregates o f  the more d e t a i l e d  commodity c l a s s i f i c a t i o n  

(comprising 119 groups) aimed a t  i n  the i n t e r n a t i o n a l  p ro jec t .  The 34-qroup 

c l a s s i f i c a t i o n  has been worked out by the  Swedish pa r t i c i pan ts .  

1. C f .  "An i n t e r n a t i o n a l  system o f  input-output  mode1s:Status reports1'.  IIASA 
December 1980, and "An i n t e r n a t i o n a l  system o f  n a t i o n a l  input-outputmo- 
de ls"  by Clopper Almon , Un ive rs i t y  o f  Maryland. 1981. 

2. C f .  "Report from the  Oslo-seminar on a Nordic t rade model, February 1-3, 
1982. ( I n  Norwegian on ly ) .  



This  paper conta ins  ca l cu la t i ons  f o r  j u s t  one year, 1978, and on ly  data 

from Danish n a t i o n a l  s t a t i s t i c s  have been used. The ca l cu la t i ons  must be con- 

s idered as t h e  f i r s t  Danish c o n t r i b u t i o n  t o  t h e  p r o j e c t  . 
Apart from the  r e s u l t s  which are i n  no way wi thout  i n t e r e s t ,  i t  i l l u s t r a t e s  

our f a c i l i t i e s  f o r  hand l ing  data and c a l c u l a t i o n s  o f  t h i s  kind. 

Data. 

The most d e t a i l e d  input-output  t a b l e  f o r  Denmark f o r  the  year 1978 has 

been used i n  a l l  ca lcu la t ions .  It contains 117 branches, c f .  annex 4. I n  the  

SNA terminology i t  i s  an i ndus t r y  x i ndus t r y  t a b l e  constructed on the  assump- 

t i o n  o f  an i n d u s t r y  technology. The p r i c e  concept app l i ed  i s  bas ic  values, 

and imports have been separated from domestic p roduct ion  and are shown i n  ma- 

t r i c e s  o f  t he  same dimensions (and us ing the  same c lasse f i ca t i ons )  as dome- 

s t i c  production3. 

By means o f  t he  tapes w i t h  d e t a i l e d  f o r e i g n  t rade  s t a t i s t i c s  and a r e e m  

ployment o f  t he  procedures used f o r  f i r s t  cons t ruc t i ng  t h e  input-output  t a b l e  

i t  i s  now poss ib le  t o  subdiv ide the  expor t  column i n t o  columns f o r  each o f  

the  12 country groups. For p r a c t i c a l  reasons i t  i s  assumed t h a t  reexpor ts  

from each branch has the  same d i s t r i b u t i o n  on coun t r i es  as exports o f  commo- 

d i t i e s  produced i n  Denmark. 

The fo re ign  t r a d e  s t a t i s t i c s  show f i g u r e s  a t  f .o.b. p r i c e s  fo r  exports. 

I n  the  input-output  t a b l e  t he  p r i c e  concept i s  bas ic  values so t h a t  t rade 

margins and i n d i r e c t  taxes n e t  a re  shown as exports o f  serv ices  and primary 

i npu ts  respect ive ly .  The same const ruc t ion  i s  made a t  t he  12 country l e v e l  by 

assuning t h a t  t r a d e  margins and i n d i r e c t  taxes, ne t ,  a re  - f o r  each branch - 
i d e n t i c a l  f o r  a l l  countr ies.  

T o t a l  imports ( c l a s s i f i e d  a t  t he  117 branch l e v e l )  a re  subdivided on 

count r ies  by an i d e n t i c a l  procedure, bu t  i n  t h i s  case the re  i s  no problem 

w i t h  the  p r i c e  l e v e l ,  as c . i . f .  values are  a l so  bas ic  values. Also the re  i s  

no problem about reexpor ts  i n  t h i s  connection. 

A f t e r  t h i s  extensions the  input-output  t a b l e  now conta ins  12 export  co- 

lunns i ns tead  o f  one. 

3. C f .  Bent Thage: "Techniques i n  the  compi la t ion  o f  Danish input-output  tab- 
les:  A new approach t o  t he  treatment o f  importsl1 Paper prepared f o r  t he  
I A R I W  conference 1981 and s h o r t l y  t o  be pub l ished i n  a c o l l e c t i o n  o f  pa- 
pers from Springer Verlag, ed i t ed  by J. Skolka. 



The s u b d i v i d e d  i m p o r t s  a r e  n o t  i n c o r p o r a t e d  i n  t h e  i npu t -ou tpu t  t a b l e ,  

b u t  is used a t  a l a t e r  s t a g e  o f  t h e  c a l c u l a t i o n s .  

The c a l c u l a t i o n s .  

F o r  each  c a t e g o r y  o f  f i n a l  demand ( p r i v a t e  consunp t i on ,  c o l l e c t i v e  con- 

sur rp t ion ,  f i x e d  c a p i t a l  f o rma t i on  i n  machinery and equipment,  t r a n s p o r t  

equipment and c o n s t r u c t i o n  r e s p e c t i v e l y ,  and t h e  12  c a t e g o r i e s  o f  e x p o r t s )  it 

is now p o s s i b l e  t o  c a l c u l a t e  d i r e c t  and i n d i r e c t  c o n t e n t s  o f  impor ts .  

I n  t h e  f i r s t  round t h i s  r e s u l t s  i n  an impo r t  v e c t o r  o f  t h e  d imens ion  117 

x 1. I n  t h e  second  round t h i s  is subd i v i ded  on d e l i v e r i n g  c o u n t r i e s  and i n  

t h e  t h i r d  round a g g r e g a t e d  t o  t h e  34 commodity g r o u p s  a g r e e d  upon between t h e  

Nordic c o u n t r i e s ,  i . e .  a m a t r i x  o f  t h e  d imens ion  34 x 12  f o r  each  o f  t h e  17  

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

I n  t h e  f o l l o w i n g  t h e  t e c h n i q u e s  i n  t h e  c a l c u l a t i o n  is b r i e f l y  set o u t .  

B a s i c l y  i t  is  a ve ry  s i m p l e  u s e  o f  a q u a n t i t y  i npu t -ou tpu t  model. 

The symbols  used a r e :  

A (dim. 117 x 117 ) .  The c o e f f i c i e n t  m a t r i x  f o r  i n p u t  o f  domes t i c  o u t p u t .  

M (dim. 117 x 117 ) .  The c o e f f i c i e n t  m a t r i x  f o r  i n p u t  o f  impo r t s .  

F (dim. 11 7 x 1 7 ) .  The c o e f f i c i e n t  m a t r i x  f o r  f i n a l  demand o f  domes t i c  o u t -  

p u t .  f .  is  a column i n  F. J 
E (dim. 117 x 1 7 ) .  The c o e f f i c i e n t  m a t r i x  f o r  d i r e c t  i m p o r t s  t o  f i n a l  de- 

mand. e j  is a column i n  E .  

B (dim. 117 x 1 2 ) .  Ma t r i x  o f  a b s o l u t e  f i g u r e s  showing impo r t s  by branch 

(commodity g roup )  and coun t r y .  

G (dim. 34 x 1 1 7 ) .  Aggregat ion  m a t r i x  which a g g r e g a t e s  t h e  117 branch-def i -  

ned commodity g roups  app rox ima te l y  i n t o  t h e  34 commodity 

g roups  used i n  t h e  p r o j e c t ,  c f  annex 3. 

I  and i a r e  u n i t  m a t r i x  and v e c t o r  o f  a p p r o p r i a t e  d imens ions .  

A l l  o t h e r  symbols a r e  d e f i n e d  by t h e  f o rmu laes  where t h e y  f i r s t  appea r .  

A f t e r  each  fo rmu lae  i n  t h e  c a l c u l a t i o n s  t h e  d imens ion  o f  t h e  r e s u l t  is 

shown. 



In (1)  t h e  d i r e c t  and i n d i r e c t  import c o n t e n t s  is  c a l c u l a t e d  per  k r .  f i -  

n a l  demand i n  pu rchasers  values. I n  ( 2 )  matr ix  B is  t ransformed i n t o  a coef-  

f i c i e n t  matr ix  by being s c a l e d  with t h e  h o r i z o n t a l  sums. So C shows t h e  d i -  

s t r i b u t i o n  on c o u n t r i e s  f o r  each o f  t h e  117 branch-defined commodity groups. 

The c a l c u l a t i o n  i n  (3) is based on t h e  assumption t h a t  imports o f  a 

branch-defined commodity group h a s  t h e  same d i s t r i b u t i o n  on d e l i v e r i n g  coun- 

t r i e s  no mat te r  what category  o f  f i n a l  demand h a s  caused i t .  There is no i m -  

mediate way o f  checking t h i s  assunpt ion.  

In  (4 )  t h e  mat r i x  M j  is aggregated i n t o  t h e  34 commodity grouping, g i -  

v ing t h e  r e s u l t i n g  matr ix  T j .  In t h i s  connect ion i t  must be r e c a l l e d ,  t h a t  

t h e  117 groups a r e  branch-defined, and we want t o  aggrega te  them t o  commodi- 

Q-defined groups. In p r i n c i p l e  t h i s  is not poss ib le  without s e t t i n g  up a 

complete t rans fo rmat ion  matr ix.  To avo id  t h i s  d i f f i c u l t  and t ime consuming 

t a s k  an approximate aggregat ion is c a r r i e d  ou t .  The aggregat ion key is shown 

i n  t h e  f i r s t  column o f  annex 3. This means t h a t  mat r i x  G only con ta ins  ones 

and zeroes.  

To t e s t  t h e  c l a s s i f i c a t i o n  e r r o r s  caused by apply ing t h i s  approximate 

key t h e  a b s o l u t e  f i g u r e s  obta ined from t h e  aggregat ion from branches 

a r e  f o r  both impor ts  and expor ts  compared with t h e  

i d e a l  aggregat ion us ing t h e  key i n  annex 2 d i r e c t l y  on t h e  f i gu res  i n  t h e  

fo re ign  t r a d e  s t a t i s t i c s .  The outcome shown i annex 3 is no t  a s  bad a s  might 

have been fea red  which is probably due t o  t h e  r e l a t i v e l y  high l e v e l  o f  aggre- 

g a t i o n  (compared t o  t h e  117 branches) .  In t h e  c a s e s  showing t h e  b iggest  d i f -  

f e rences  t h e  p r i n c i p l e s  used i n  de f in ing  t h e  i d e a l  commodity c l a s s i f i c a t i o n  

might be c a l l e d  i n  ques t ion ,  c f .  t h e  foo tno tes  i n  annex 3. 



The r e s u l t s  

The r e s u l t s  a re  given i n  17 tab les  o f  t h e  type def ined by mat r ix  T j .  

I n  order no t  t o  over load t h i s  paper w i th  f i g u r e s  on ly  four o f  these tab les  

are reproduced. That i s  the tab les  f o r  the  e f f e c t s  o f  1 m i l l .  k r .  o f  p r i v a t e  

consumption ( t a b l e  A l )  and the  tab les  f o r  t he  e f f e c t s  o f  exports o f  1 m i l l .  

k r .  t o  Norway, Sweden and F in land ( t a b l e  01-83). These as w e l l  as the  other 

12 tab les  have been summarized i n  t a b l e  1 and t a b l e  2. These tab les  show the 

d i s t r i b u t i o n  o f  d i r e c t  and i n d i r e c t  imports according t o  d e l i v e r i n g  country, 

whereas the  commodity d e t a i l s  have been l e f t  out. The f i r s t  column i n  t a b l e  1 

i s  made up o f  t he  column sums o f  t a b l e  A1 etc. 

The sum row i n  t a b l e  1 shows t h a t  t o t a l  import  requirements are  heavely 

dependent upon the  category o f  f i n a l  demand, vary ing  from 6,6 per cent f o r  

c o l l e c t i v e  consumption t o  63,4 per cent f o r  t ranspor t  equipment. The d i s t r i -  

bu t i on  on coun t r i es  does show considerably l e s s  va r i a t i on .  The most outspoken 

v a r i a t i o n  i s  found between the groups f o r  f i x e d  c a p i t a l  formation. The gene- 

r a l  p i c t u r e  i s  t h a t  about 20 per cent i s  supp l ied  from the Nordic count r ies  

and about 50 per  cent  from the EEC-countries. 

Table 2 i s  o f  most immediate i n t e r e s t  w i t h  respect t o  i n t e r n a t i o n a l  re- 

percussions o f  an increase o f  Danish exports t o  s p e c i f i c  count r ies  o r  groups 

o f  countr ies.  I n  i n t e r p r e t i n g  the  f i gu res  i t  must be r e c a l l e d  t h a t  the 1 

m i l l .  k r .  exports i n  each case has the  same commodity composit ion as t o t a l  

exports t o  t he  country re fe red  t o  i n  1978. I f  we assumed an export increase 

from an i n d i v i d u a l  branch the  p i c t u r e  might be q u i t e  d i f f e r e n t .  Such ca lcu la-  

t i o n s  - as w e l l  as many o thers  - might e a s i l y  be c a r r i e d  out  using the a v a i l -  

ab le  data. 

The diagonal elements i n  t a b l e  2 show the  f i r s t  round repercussion on 

the  impor t ing  country.  For instance an increase o f  Danish exports t o  Norway 

o f  1 m i l l .  k r .  would cause an increase o f  Norwegian exports t o  Denmark o f  

15.206 kr.,  i .e. 1,5 per cent o f  the  i n i t i a l  increase. The highest  f i r s t  

round e f f e c t  i s  found f o r  West Germany w i t h  6,4 per cent. 

Tota l  import  contents i n  exports do not  vary as much between d i f f e r e n t  

country categor ies as between categor ies o f  domestic demand ( c f .  t ab le  1) .  

The highest  t o t a l  i s  f o r  Sweden w i th  41,6 per cent, and the  lowest f o r  UK 

w i t h  31,2 per cent. The d i s t r i b u t i o n  o f  imports on d e l i v e r i n g  count r ies  show 

even l e s s  v a r i a t i o n  than i n  t a b l e  1, and the  general p i c t u r e  from t h a t  t a b l e  

i s  refound i n  t a b l e  2. 



Table  1 D i r e c t  and i n d i r e c t  impor t  requ i rements  by count ry  caused by domest ic  

f i n a l  demand. 1978. ( k r .  p e r  m i l l .  k r .  f i n a l  demand) 

1 Norway ......... 7055 4 2672 4 18264 3 32631 5 7521 4 

2 Sweden ......... 22053 12 9295 14 72231 14 79938 1 3  34502 20 

3 F in land  ........ 4950 3 2112 3 10846 2 7056 1 8640 5 

4 Fareo I s l a n d s ,  
Greenland ...... 1023 1 191 0 196 0 4595 1 189 0 

1 - 4 N o r d i c c o u n t r i e s  35081 19 14270 22 101537 19 124220 20 50852 30 

Coun t r i es  o r  count ry  
groups,  c f .  annex 1 

5 UK ............. 22241 12 8683 1 3  61385 12 55365 9 17042 10 

6 WestGermany ... 32057 17 12439 19 161676 31 169643 27 39411 23 

7 Other  EEC coun- 
t r i e s .  ......... 35464 19 12106 1 8  81835 16 115994 1 8  26944 16 

5 -7EEC-coun t r i es . .  89762 49 33228 50 304896 58 341002 54 83397 49 

A1 

P r i v a t e  
c o n s m p t i o n  

p c t  . 

A2 

C o l l e c t i v e  
consumption 

p c t .  

8 USA, Canada, 
Japan .......... 14831 8 5336 8 58202 11 130484 21 13363 8 

9 Other  OECD coun- 
trles .......... 10362 6 3731 6 40217 8 24278 4 8514 5 

A3 

Gross f i x e d  
c a p i t a l  f o r -  
mat ion i n  
machinery a .  
equipment 

p c t  . 

1 0  C e n t r a l l y  p lan-  
ned economies i n  
Europe ......... 10107 5 3676 6 9763 2 10475 2 6870 4 

11 O P E C c o u n t r i e s .  7266 4 2459 4 1729 0 997 0 3101 2 

12 O t h e r c o u n t r i e s  17143 9 3281 5 7332 1 2635 0 5359 3 

1-12 T o t a l  ......... 184551 100 65982 100 523677 100 634092 100 171455 100 

A4 

Gross f i x e d  
c a p i t a l  f o r -  
mat ion i n  
t r ansp .  
equipment 

p c t ,  

A5 

Gross f i x e d  
c a p i t a l  f o r -  
mat ion i n  
c o n s t r u c t i o n  

p c t .  



Table 2 Di rect  and i n d i r e c t  import requirements by country o r  country group caused 

by expor ts  grouped i n  the  same way. 1978. 

( k r .  per mill. k r .  expor ts)  

Country 
see  
t a b l e  1 

B4 

Faroe Is- 
lands and 
Greenland 

pc t .  

B1 

Noway 

p c t  . 

B5 

United 
Kingdom 

pc t .  

B6 

West 
Germany 

p c t  . 

B2 

Sweden 

pc t .  

B3 

Finland 

p c t  . 



Table 2 (continued) 

Country 
s e e  
tab le  1 

B10 

Centrally 
planned 
economies 
i n  Europe 

pc t .  

B7 

Other EEC 

pct .  

B11 

OPEC coun- 
t r i e s  

pc t .  

B8 

United 
States,  
Canada 
and Japan 

pc t .  

B12 

Other 
countries 

pct. 

B9 

Other OECD 
countries 

pc t .  



Concludinq remarks 

Even through d i r e c t  and i n d i r e c t  impor ts  i n  average make up 30-35 per 

cent  o f  ca tegor ies  o f  f i n a l  demand, i n c l u d i n g  ca tegor ies  o f  export  demand, i t  

i s  found t h a t  f i r s t  round repercussion on exports from any i n d i v i d u a l  f o re ign  

country t o  Denmark i s  r a t h e r  l im i ted .  

As Danish shares i n  t o t a l  impor ts  o f  o ther  coun t r i es  a re  i n  most cases 

considerable smal ler  than these coun t r i es  share i n  t o t a l  Danish imports, i t  

i s  obvious t h a t  t h e  second round e f f e c t ,  understood as t h e  f u r t h e r  increase 

i n  Danish expor ts  t o  a p a r t i c u l a r  country caused by t h e  f i r s t  round increase 

o f  Danish exports t o  t h a t  country,  i s  q u i t e  n e g l i g i b l e .  For instance t h e  

f i r s t  round e f f e c t  o f  an increase i n  Danish exports o f  1 m i l l .  k r .  t o  Sweden 

i s  an increase i n  Swedish exports t o  Denmark o f  43.000 kr .  I f  we assume, 

ra the r  o p t i m i s t i c a l l y ,  t h a t  4 per cent o f  t h i s  amount d i r e c t l y  and i n d i r e c t l y  

w i l l  be imported from Denmark, t he  second round e f f e c t  w i l l  be l e s s  than 

2.000 kr .  

Disregarding t h e  e f f e c t  o f  t h e  model assumptions, and espec ia l l y  t h e  use 

o f  average c o e f f i c i e n t s  a l l  over, t he re  a re  two reasons why t h e  ca lcu la ted 

e f f e c t s  must be considered t o  be minimum e f fec t s .  

F i r s t l y  t h e  model i s  p a r t i a l  i n  t h e  respect  t h a t  i t  does not  take i n t o  

account t h e  f u r t h e r  e f f e c t s  on domestic demand o f  an increase i n  exports. 

When exports increase, domestic p r i v a t e  consumption and c a p i t a l  format ion 

must be assumed t o  increase as we l l ,  and t h i s  w i l l  g i v e  r i s e  t o  f u r t h e r  i n -  

creases i n  imports. Le t  us again exempl i fy  t h i s  w i t h  t h e  Swedish case. I f  we 

assune t h a t  an export  increase o f  1 m i l l .  k r .  w i l l  cause an increase i n  p r i -  

va te  consunption o f  200.000 k r .  and i n  c a p i t a l  format ion o f  100.000 kr . ,  i t  

can be found from t a b l e  1, t h a t  t h i s  w i l l  g i v e  r i s e  t o  a f u r the r  increase i n  

imports from Sweden o f  about 12.000 kr .  ( ca l cu la ted  as 2,2 per cent o f  

200.000 k r .  + 7,2 per cent o f  100.000 kr . ) .  So tak ing  i n t o  account t h i s  e f -  

f e c t  adds about 30 per cent t o  t he  f i r s t  round e f f e c t  o f  43.000 k r .  

Secondly t h e  model i s ,  as al ready i l l u s t r a t e d  above, not  ab le  t o  catch 

t h e  second round e f f e c t  from one s i n g l e  f o re ing  country and even l e s s  t o t a l  

e f f e c t s  from the  wor ld economy as a whole. No doubt these e f fec t s  are q u i t e  

smal l  when caused by an i s o l a t e d  Danish expansion o f  domestic demand o r  ex- 

por ts ,  bu t  t h e  main i n t e r e s t  from a Danish viewpoint i n  es tab l i sh ing  a world 

wide model would not  be attached t o  t h i s  quest ion  bu t  r a t h e r  t o  t h e  e f f e c t s  

on the  Danish economy o f  what i s  happening i n  t h e  r e s t  o f  t he  world o r  r e q i -  

ons o f  t h e  world. 



The above observations lead us t o  the fo l lowing conclusions. Even 

through i t  i s  q u i t e  i n t e r e s t i n g  t o  study the r e s u l t s  o f  simple combinations 

o f  input-output  ca l cu la t i ons  and fore ign t rade s t a t i s t i c s  f o r  an i n d i v i d u a l  

country, i t  i s  obvious tha t  t he  f u l l  advantage o f  such de ta i l ed  s tud ies  can 

only be obtained, when they are l i n k e d  i n t e r n a t i o n a l l y  f o r  the  world as a  

whole o r  regions o f  the  world, and when they are combined w i th  behavioural 

re la t i onsh ips  both f o r  t he  i n d i v i d u a l  ecomomy and f o r  t rade between coun- 

t r i e s .  

ANNEX 1. Countr ies and groups of count r ies  i n  NORDHAND. 

The th ree-d ig i t  numbers given below a r e  t h e  country codes used i n  t h e  
Danish fore ign t r ade  s t a t i s t i c s  (1978). 

Group Code and countr ies 

028: Norway 

030: Sweden 

032: Finland 

025, 406: Faeroe Is lands ,  Greenland 

006 : United Kingdom 

001, 002, 003, 005, 007, 008, 050: Other EEC coun t r i es ,  
inc luding Greece. 

401, 404, 732: USA, Canada, Japan 

800, 804, 038, 024, 040, 042, 036, 052, 048: Other OECD count r ies  

056, 058, 060, 062, 064, 066, 068, 070: Centrally-planned economies 
i n  Europe 

700, 288, 208, 500, 616, 612, 314, 636, 216, 644, 632, 647, 484: 
OPEC count r ies  

Other countr ies 

Note: Compared t o  t h e  grouping of count r ies  agreed upon with Norway, 
Sweden and Finland, t h ree  groups have been subdivided here. Group 7 has 
been separated out  from "other OECD countr ies" ,  t o  make ca lcu la t ions  of 
e f f ec t s  f o r  a l l  EEC count r ies  possib le.  Group 11 (OPEC count r ies )  has been 
separated out  because of t h e  spec ia l  i n t e r e s t  i n  t h i s  group. Group 4 (Faeroe 
Is landsandGreenland) has been separated out from "other countr ies" ,  as  some 
count r ies  might consider fore ign t r ade  with these  areas  a s  t r ade  with Denmark. 



ANNEX 2. Grouping of fore ign t r ade  based on t h e  S I T C . ~  

NORDHAND Name 
sec to r  

SITC 
rev  -1 

SITC 
rev.2 

ISIC 
approx . 

1 Agr icu l tu ra l  
products 

2 Fish 
products 

3 Forestry 
products 

4 I ron o re  

5 Crude o i l  

6 Other o res  and 
minerals 

7 Food 
products 

2301 

22 

2 (excl 

a Worked out by Hans Olsson and Lennart Sundberg, S ta tens  Industr iverk,  Sweden. 



ANNEX 2 (continued) 

NORDHAND Name SITC SITC ISIC 
sector rev. 1 rev.2 approx. 

8 Beverages and 11 
tobacco 122 

9 Textiles 26 ( excl. 266 ) 26 (exc1.266,267) 321 
6 5 
841.25 65 
841.43 845 
841.44 846 

10 Clothing, 61 61 322 
leather and 83 83 323 
skin products, 84 (exc1.841.25, 84 (exc1.845, 324 
and footwear 841.43, 846 ) 

841.44) 85 
85 

11 Sawn and 243 
planed wood 

12 Furniture, 82 
incl. metal 
furniture 

Other wood 244 244 
l3 products 63 (exc1.631.83) 63 

33 (exc1.3311 
(part od332) 

14 Wood pulp 2 5 2 5 341 (part of 

15 Paper and 64 
paper products 

16 Printing and 892 
publishing 

64 341 (remainder) 

17 Petroleum 331.02 334 
products 332 335 

52 

18 Rubber 62 
products 

Primary 2 3 2 3 3 51 
l9 chemicals and 266 266 

plastics 51 2 67 
58 51 

5 2 
58 

33111 according to the Swedish classification of economic sectors (SNI) . 
34111 according to the Swedish classification of economic sectors (SNI). 



ANNEX 2 (continued) 

NORDHAND Name S ITC SITC ISIC 
sec to r  rev.1 rev. 2 approx. 

Other chemicals 53 
and p l a s t i c  54 
products 55 

5 6 
5 7 
5 9 
862 
893 

Nonmetallic 661 
mineral 662 
bui ld ing 663 
mater ia ls  664 

Glass and 665 
ceramic 666 
products 

I ron  and s t e e l  282 
67 

Nonferrous 284 
metals 68 

Met a1  69 
products 81 

Nonelectr ica l  71 
machinery 9 5 

E lec t r i ca l  72 (exc1.729.5) 
machinery 891.1 

Motor veh ic les  732 (exc1.732.9) 

Ships, 735 
o i l  r i g s ,  e t c .  

36 (pa r t  o f )  



ANNEX 2 (continued) 

NORDHAND Name SITC SITC ISIC 
sec tor  rev. 1 rev.2 approx . 

30 Other t ransport  731 
equipment 732.9 

733 
734 

31 Precis ion 729.5 
instruments, 861 
watches, e tc .  864 

891 ( excl .891.1) 

32 Other manufac- 667 
tured products 894 

895 

3 3 E lec t r i c  power 35 

34 Gas 34 



ANNEX 3. 1/0 Afprefat ion key and c o m ~ a r i s o n s  of branch and 
commodity a ~ ~ r e ~ a t i o n .  

1 Agr i cu l tu ra l  products 

2 Fishery products 

Aggregation 
of branches 
c f .  Annex 4 

3 Forest ry  products 

EXPORTS* 1978 

4 I ron  o r e  

5 Crude o i l  

In aggregated 
I 0  branches 
M i .  k .  
(bas ic )  

IMPORTS 1978 

6 Other o res  and minerals 

7 Food products 

According 
t o  key i n  
Annex 2 
M i l l .  k r .  
( f  .o.b. 

In aggregated 
I0  branches 
M i l l .  k r .  

8 Beverages and tobacco 

According 
t o  key i n  
Annex 2 
M i .  k .  

9 Tex t i l es  

10 Cloth ing,  l e a t h e r  and 
sk in  prod. and footwear 

11 Wood products exc l .  
f u r n i t u r e  (11+13) 

12 Furn i tu re  ( a l s o  of 
meta ls)  

13 

14 Pulp, paper and paper 
products (14+15) 

16 P r i n t i n g  and publ ish.  

17 Petroleum products 

18 Rubber products 

19 Primary chemicals and 
p l a s t i c s  

20 Other chemicals and 
p l a s t i c  products 

21 Non-metallic mineral 
bu i ld ing  mate r ia l s  

22 Glass and ceramic prod. 

23 I ron and s t e e l  

24 Non-ferrous metals 

25 Metal products 

26 Non-electr ic machinery 

27 E l e c t r i c a l  machinery 

28 Other t r a n s p o r t  equipm. 
than 29 (28+30) 

29 Ships,  o i l  r i g s  e t c .  

30 

31 Prec is ion  inst ruments,  
watches 



ANNEX 3 (continued) 

32 Other manufactur ing 
products  89-90 1119 1114 1015 1175 

33 E l e c t r i c  power 81 330 3 30 7 3 7 3 

34 Gas 9 2 812 76 40' 17  

To ta l  81073 81119 63461 65076 

Aggregation 
of  branches 
c f .  Annex 4 

Notes : 

EXPORTS' 1978 

1. In  branch aggregat ion is  sugar  (SITC 061) i n  group 7 ,  and i n  annex 2 aggregat ion 
i n  group 1. (Imports 258 m i l l .  k r .  and expo r t s  474 m i l l .  k r . )  

I n  aggregated 
I 0  branches 
M i .  k .  
( b a s i c )  

IMPORTS 1978 

2. I n  branch aggregat ion i s  c o a l  i n  group 5 and coke i n  group 34, and i n  annex 2 
aggregat ion a r e  both  i n  group 6. ( Imports 1187 m i l l .  k r . )  

According 
t o  key i n  
Annex 2 
M i l l .  k r .  
( f . 0 .b . )  

I n  aggregated 
I0 branches 
M i l l .  k r .  

3. I n  branch aggregat ion is  a l l  g l a s s  i n  group 22, whereas g l a s s  f o r  bu i l d ing  
purposes ( impor ts  296 m i l l .  k r . )  i n  annex 2 aggregat ion i s  placed i n  21. 

According 
t o  key i n  
Annex 2 
M i .  k .  

4. The comparison o f  expo r t s  accord ing t o  t h e  two aggregat ions g i ves  on ly  a rough 
p i c t u r e ,  a s  t h e  branch aggregated f i g u r e s  a r e  b a s i c  va lues  and t h e  annex 2 
aggregat ion is  based on f i g u r e s  a t  f .0 .b .  va lues.  Genera l ly  f i g u r e s  i n  t h e  l a s t  
column a r e  expected t o  be h ighe r ,  a s  they do i nc lude  t r a d e  margins. Tota l  t r a d e  
margins a r e  5897 m i l l .  k r .  

5. The b i g  d i f f e r e n c e  i n  expo r t s  f o r  food products  (group 7)  is  caused by t h e  EEC 
subs idy  system. To ta l  s u b s i d i e s ,  n e t  on expo r t s  a r e  4245 m i l l .  k r .  
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A N N E l  4 .  Branches  i n  t h e  d e t a i l e d  Danish i n n u t - o u t p u t  t a b l e .  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

i 4  

15 

16 

17 

18 

20 

21 

2 2  

2 5  - 
22 

25 

26 

57 

28 

29 

30 

5 ,  
2- 

3 3  

32 

3q 

56 

37 2 

38 

33 

40 

I!. 

I:! 

'' 
4 4  

- 
4 5  

46 

47  

48 

39 

50 

jl 

52 

53 

54 

53 

56 

57 

56 

j g  

6 0  

51 

As:r izul ture 

H o r i c u l t ~ i r e  

Fur farming, e t c .  ----- 
A g r i c u l t ~ ~ r a l  s e r v i c e s  

Fores t ry  and loqginq 

F ish ing  

Ex t rac t ion  of c o a l ,  o i l  and q a s  

O t i e r  mining 

Sia..~ghter ing e t c .  of p i g s  and c a t t l e  

Pou l t r y  k i l l i n g ,  d r e s s i n g ,  packing 

D a i r i e s  I - . - -  
P ~ o c e s s e d  cheese,  condensed milk 

I c e  cream manufactur ing 

P ~ o c a s s i n g  of f r u i t s  and vegetables 

Process ing of f i s h  

O i i  m i l l s  

Marqarine manufactur ing 

F ish meal manufactur ing 

Grain m i l l  products  

bread f . ~ c t o r i e s  

Cake f a c t o r i e s  

Baker ies 

Sugcc f a c t o r i e s  and r e f i n e r i e s  

~ h ~ ~ ~ l ~ ~ ~  and sugar confectionery 

panufacture cf food products n.e.c. 

Manuf. of prepared animal feeds 

D i s t i l l i n g  and b lending s p i r i t s  

Breweries 

Tobacco mailufactures 

S?inning, weaving e t c .  t e x t i l e s  

K n i t t l n g  m i l l s  

Cordage, rope and twine i n d u s t r i e s  

Manufacture of  wearing appare l  

Manllfacture of l e a t h e r  products  

Kar.uf a c t u r e  of  footwear 

Nanuf. of wood products  , e x c l . f u r n i t .  - 
Manuf. of wooden f u r n i t u r e ,  e t c .  - 
M.::luf. of p u l p ,  paper ,  pap<:rbo~rd 

M~nllf. of paper c c n t a i n e r s  ,rral lpapcr -- 
Re_orodllcinr~ and coniposinq s e r v i c e s  

R.v>k p r i ~ ~ t i n : ~  

Offset printing 

Other pr j .n t ing 

Newspdper p r i n t i n g  and pub l i sh ing  

Book and a r t  pub l i sh ing  

Magazine pub l i sh ing  

Other  pub l i sh ing  

14anuf. of b a s i c  i n d u s t r i a l  chemicals 

Manuf.of f e r t i l i z e r s  and p e s t i c i d e s  

Manuf. of b a s i c  p l a s t i c  m a t e r i a l s  

Nanuf. of p a i n t s  and varn ishes 

Manufacture c f  drugs and medicines 

Manufacture of  soap and cosmetics 

Manuf- of chemical products n - e - c -  

Petroleum r e f i n e r i e s  

Manuf.of a s p h a l t  and roof ing mater. 

Tyre and tube i n d u s t r i e s  

Manuf. o f  rubber  products  n.e. c. 

Manuf. of p l a s t i c  p rcduc ts  n.e.c. 

Manuf. of earthenware and p o t t e r y  ?i Wnuf. o f  made-up t e x t i l e  goods 62 



A N N E X  4 ( c o n t i n u e d )  

-- - 

63 

64 - 
65 

66 

67 

68  

69 

71) 

71 

72 

73 

74 

75 - 
76 

77 

78 

79 

80 

31 

8.2 

83 --, 

54 - 
65 

86 - .  
87 

Oe 

89 

30 

Manuf. of  g l a s s  and g l a s s  products  

Manuf. of s t r u c t u r a l  c l a y  products  

Manuf. of cement, l ime and p l a s t e r  - 
Concrete p roduc ts  and s tone  m t t i n g  

Non-metall ic minera l  products  n.e.c.,,95 

91 

92 
>-- 

9 3  -. 
94 - 

l ight and power 

Gas manufacture and 

Stem and hot water supply 

Water and 

Wholesale t r a d e  

R e t a i l  t r a d e  

Res tauran ts  and h o t e l s  

Railway and bus t r a n s p o r t ,  e t c .  

Other  l and  t r a n s p o r t  

and c o a s t a l  water  t r a n s p o r t  

water t r s P -  

Air  

Serv ices  a l l i e d  t o  t r a n s p o r t .  e t c .  

COmunicat ion --- 
F i n a n c i a l  i n s t i t u t i o n s  

Insurance 

D w e l l i n g s  

market 'services 

market 'services 

Recrea t iona l  and c u l t u r a i  s e r v i c e s  

Repai r  of motor v e h i c l e s  

h-~usehold s e r v i c e s  

Domestic s e r v i c e s  - 
P r i v a t e  non-prof i t  i n s t i t u t i o n s  

-.l 

Prcducers of government s e r v i c e s  

I r o n  and s t e e l  works 96 

I r o n  and s t e e l  c a s t i n g  97 

Non-ferrous meta l  works 98  

Non-ferrous metal c a s t i n g  99 

Manufacture of metal  f u r n i t u r e  100 

Manuf. of s t r u c t u r a l  metal  products  101 

Manuf. of meta l  cans and con ta ine rs  
I' 
,102 

Manuf.of o t h e r  fab r .  metal  products 

Manuf. of a g r i c u l t u r a l  machinery 

Manufacture of  i n d u s t r i a l  machinery 

Repai r  of machinery 

Manufacture of household rrachinery 

Manuf. of  r e f r i g e r a t o r s ,  accessor ies  

Manuf. of telecommunication eqnipm. 

blanuf .of e l e c t r i c a l  home app l iances ,  

Manuf. of accumlllators artd b a t t e r i e s  . 

M.lnt~f. o f  o t l lq r  s,lpDlies - 
-- -- -- 

Ship hui!ding and r e p a i r i n g  

Raj.lroaB and automobile equipment 
- 

Manufacture of cyc les ,  mopeds, e t c .  

Professional and measuring equipm. - 
Manufacture of jewel lery ,  e t c .  

Yan,f.of t o y s ,  s p o r t i n g  goods, etC. 

103 

104 

iO5 

106 

..lo7 

..lo9 
11° 

112 

113 

114 

115 

116 

U17 



REGIONAL INPUT-OUTPUT MODELS AND INTERREGIONAL 
TRADE IN THE FRAMEWORK OF A NATIONAL MODEL 

Dino Martellato 
International Institute for Applied Systems Analysis, Laxenburg, Austria 

1. PROBLEM STATEMENT 

It is often argued that input-output models are much better 

than conventional macromodels because they present a more detailed 

view of the process of production. 'Disaggregated is beautiful' 

has accordingly become a type of faith for many model builders. 

But what and how disaggregate is--with few exceptions--simply the 

production account of the economy. The income account and the 

corresponding income distribution process is, for instance, a 

much less favorite object of the disaggregation effort. 

Another often forgotten, but interesting, perspective for 

disaggregation is the spatial one. Considering that,at least two 

important arguments can be found in favor of a spatial or regional 

disaggregation of an economic model, one may wonder if a point 

could be found where the incremental benefit of a more deeper 

sectoral disaggregation is smaller than the incremental gain of 

a regional breakdown of the national model. 

If A and B (see Figure 1) are assumed to imply the same 

budget (A' and B' do the same at a lower level) the maximum of 

insight is obtained giving a premium to the regional breakdown 

(other wise for M' ) . The two arguments are the following. 



benefit from model 
disaggregation 

sectoral di saggregat 

regional disaggregation 

Figure 1. The efficiency frontier for disaggregated models. 

If one can think of an economic system with strong spatial 

disparities, one can easily find arguments which seem to sup- 

port the hypothesis that the regional allocation of economic 

activity is not neutral. If the disparities have a negative 

feedback on the national performance (an example will be given 

in the next section) not only regional policies are in order, 

but a model is needed for the assessment of disparities and the 

conduct of policies. 

But also if these feedbacks are weak or absent the spatial 

allocation of economic activities is not irrelevant. As soon as 

a local level of government is present (as Italy) there is an 

obvious interest in tracing back the regional impacts of national 

and regional policies. 



2. HOW TO CONFER SPATIAL DIMENSION TO A NATIONAL INPUT-OUTPUT 
MODEL 

I n  t h i s  s e c t i o n  we w i l l  dwe l l  on t h e  problems connected 

w i t h  t h e  i n t r o d u c t i o n  o f  t h e  r e g i o n a l  d imension i n  a  n a t i o n a l  

i npu t -ou tpu t  model. To make a  more f r u i t f u l  a n a l y s i s  w e  w i l l  

d i s c u s s  mainly w i t h  r e f e r e n c e  t o  t h e  d a t a  c o n s t r a i n t s  g i ven  t o  

t h e  system of models used f o r  t h e  Tuscany c a s e  s t u d y  by IIASA 

( C a v a l i e r i ,  e t  a l .  1982b). The system of  models assumes t h e  

a v a i l a b i l i t y  o f  an inpu t -ou tpu t  economet r i c  model f o r  I t a l y .  

T h i s  n a t i o n a l  m o d e l - - 1 n t e r i n d u s t r i a l  I t a l i a n  Model (INTIM0)--is 

w e l l  documented (see M. G r a s s i n i  1982b; M. G r a s s i n i  1982a; L. 

G r a s s i n i  1982; C i a s c h i n i  1982) ,  s o  t h e  b a s i c  f e a t u r e s  o f  t h i s  

model a r e  assumed t o  be s u f f i c i e n t l y  known. 

Wnen r e g i o n a l  d a t a  i s  n o t  a v a i l a b l e ,  r e g i o n a l  pa ramete rs  

canno t  be e s t i m a t e d ;  it means t h a t  t h e  n a t i o n a l  model w i l l  supp ly  

t h e  r e g i o n a l  model sys tem w i th  p r o x i e s .  But t h e  n a t i o n a l  model 

h a s  o t h e r  u s e s :  it p r o v i d e s  s p a t i a l l y  i n v a r i a n t  v a r i a b l e s  and 

g i v e s  a  c o n s i s t e n c y  c o n s t r a i n t  t o  t h e  r e g i o n a l  v a r i a b l e s .  

The c o n s t r a i n t  g i ven  by t h e  n a t i o n a l  module i s  n o t  a b s o l u t e  

because some o f  t h e  n a t i o n a l  v a r i a b l e s  canno t  be assumed t o  inva-  

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

t o  f a v o r  a  two- leve l  ( n a t i o n a l - r e g i o n a l )  sys tem,  n o t  s t r i c t l y  

h i e r a r c h i c a l .  To make t h i s  p o i n t  c l e a r ,  it i s  b e t t e r  t o  s t a r t  

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

I f  w e  d i s t i n g u i s h  t h e  m u l t i r e g i o n a l  from t h e  i n t e r r e g i o n a l  

models and t h e  i n t e g r a t e d  from t h e  n o n i n t e g r a t e d  model (Courb is  

19825) w e  can d e f i n e  f o u r  c a t e g o r i e s  of two- leve l  sys tems:  

INTEGRATED NONINTEGRATED 

INTERREGIONAL 1 

NULTIREGIONAL 3 



The first category (interregional and integrated national-regional 

models) is built up with model in which single sectors and/or 

variables of single regions directly interact. Furthermore, 

the national variables obtained by summation of regionally 

defined variables have an impact on the national variables 

upon which regional variables are defined. These types of 

models are 'closed' at the national level (Courbis 19825) with 

a feedback. The parameters of this circular relation (regions- 

nations-regions) have to be estimated. A classical example is the 

positive correlation between regional dispersion of the unemplay- 

ment rate and the national unemployment rate coupled with the 

positive effect of the latter on the rate of national wage in- 

crease. Given the structural disparities of regional produc- 

tivity growth, the resulting spread of unit labor costs gives 

an explanation of the different regional unemployment rates. 

These types of models are quite difficult to implement, but as 

the well known Regional National Model--REGINA--demonstrates 

(Courbis 1982a), they are very useful for an effective analysis 

of the dynamics of the economic system. 

If a neutrality assumption for the spatial factors is made 

(one may ignore the feedbacks of regional or national variables 

in this case), the choice is between categories two and four. 

In a multisectoral context the construction of a system of the 

fourth category implies the availability of regional tables 

which will be linked to the national table, but not each other. 

If the ambitions of the analysis are higher one can turn 

to an interregional input-output model. This kind of model 

will be a bottom-up system if the solutions of the regional 

models are not constrained by the solution of the national 

model. More often, the interregional model is built up as 

a top-down system. In this case the regional outcomes are 

consistent with the national aggregates. A change in one re- 

gion affects the other regions but not the aggregate because 

the national model works as a consistency frame for the regional 

accounts. 

This is the approach used in the Tuscany case study where 

the intraregional input-out~ut table for that region has been 



embedded i n  t h e  n a t i o n a l  t a b l e .  The aim o f  t h e  r e s u l t i n g  b i r e -  

g i o n a l  model (where t h e  t a b l e  f o r  t h e  second r e g i o n  is  o b t a i n e d  

by d i f f e r e n c e )  is  t h e  a n a l y s i s  o f  t h e  l o c a l  impacts  o f  t h e  t r a d e  

l i n k a g e s  o f  Tuscany w i t h  t h e  rest o f  I t a l y  and t h e  rest o f  t h e  

wor ld.  With t h e  i n d i r e c t  techn ique  d e s c r i b e d  i n  t h e  b lock  d iagram 

(see F i g u r e  2 ) ,  we have guessed t h e  i n t e r r e g i o n a l  e x p o r t  f l ows .  

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

e x p o r t s  t o  t o t a l  r e g i o n a l  demand i n  each  r e g i o n  ( t h e r e  is  no d i s -  

t i n c t i o n  between t h e  impor t  c o n t e n t  o f  i n t e r m e d i a t e  consumpt ion,  

f i n a l  consumpt ion,  f i x e d  inves tment ,  e t c . )  a r e  immediate ly  com- 

pu ted .  With t h e s e  c o e f f i c i e n t s ,  t h e  f u l l  i n t e r r e g i o n a l  i n p u t -  

o u t p u t  t a b l e  i s  produced. 

A t  t h i s  p o i n t  it is p o s s i b l e  t o  per form a  comparison between 

t h e  s o l u t i o n s  o b t a i n e d  under  t h e  assumpt ions @ and @ (see 

F i g u r e  2 ) .  Assumption A i m p l i e s  minimal r e g i o n a l  i n t e r a c t i o n  0 
and no c r o s s  h a u l i n g s ,  w h i l e  @ i m p l i e s  f l ows  on b o t h  d i r e c t i o n s .  

W e  have t o  remark t h a t  under @, n o t  t h e  t r a d e  b a l a n c e  n o r  t h e  

l e v e l  o f  p roduc t ion  changes i n  t h e  r e f e r e n c e  y e a r .  Th ings c o u l d  

change,  on t h e  c o n t r a r y ,  f o r  t h e  f o r e c a s t  y e a r s  i f  t h e  m a i n t a i n e d  

h y p o t h e s i s  is  @. The t r a d e  b a l a n c e  (and w i t h  them, t h e  p u b l i c  

d e f i c i t  on t h e  l e t  t r a n s f e r s )  a s  w e l l  a s  t h e  l e v e l s  of. p r o d u c t i o n  

and employment w i l l  change i n  an u n p r e d i c t a b l e  way ( s e e  Appendix) 

( M a r t e l l a t o  1982b). I t  h a s  t o  be no ted  t h a t  t h e  g a i n  o f  i n f o r m a t i o n  

o b t a i n e d  i n  s o l u t i o n  B is  due t o  a  d i r e c t  su rvey  i n  Tuscany. 0 
T h i s  i s  n o t  t h e  un ique method o f  c o n s t r u c t i o n  of  an i n t e r r e g i o n a l  

i n p u t - o u t o u t  model. A s  i t  is w e l l  known. o f t e n  maximizat ion 

models a r e  used t o  f i l l  t h e  s t a t i s t i c a l  gap o f  s o l u t i o n  @ w i t h  

r e s p e c t  t o  @ ( B a t t e n  1982) .  

3.  CAPACITY CONSTRAINTS AND THE STABILITY OF THE TFADING 
BEHAVIOR 

I t  has  been o f t e n  a s s e r t e d  t h a t  t r a d e  c o e f f i c i e n t s  o f  i n p u t -  

o u t p u t  models a r e  n o t  v e r y  s t a b l e ,  b u t  change,  presumably i n  a  

nonrandom way over  t ime (Moses 1955) .  The problems of  making 

endogenous such paramete rs  i n  an i n p u t - o u t p u t  model has  conse- 

q u e n t l y  been t a c k l e d  a s  a  problem t o  f i n d  a  g e n e r a l  e q u i l i b r i u m  

between p r o d u c t i o n ,  i n t e r r e g i o n a l  t r a d e ,  and l o c a t i o n  (Moses 

1960; Andersson 1980) . 



F igu re  2 .  In fo rmat ion  f lows f o r  t h e  top-down b i r e g i o n a l  
i npu t -ou tpu t  model of Tuscany. 

A s  f a r  a s  t h e  p roduc t ion  l e v e l ,  however, i s  pu re l y  demand 

determined,  w e  canno t  b e  s u r e  t h a t  t h e  reached equ i l i b r i um  so lu -  

t i o n  i s  a l s o  f e a s i b l e  a s  r ega rds  e x i s t i n g  p roduc t ion  c a p a c i t y .  

W e  have acco rd i ng l y  dec ided  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  e x i s t -  

i n g  c a p a c i t y  i n  t h e  de te rm ina t i on  both o f  f i x e d  inves tment  and 

p roduc t ion .  Th is  imp l i es  t h a t  f o r  a  g i ven  l o c a t i o n  o f  c a p a c i t y  

and f i n a l  demand t h e  impor t  behav io r  of t h e  system of  r eg ions  

has  t o  change w i t h  a  system of  p r i c e s  a c t i n g  ( i m p l i c i t l y )  a s  an 

accommodating v a r i a b l e .  I n  t h e  s h o r t  pe r i od  we t hen  assume t h a t  

f i rms  have t o  f a c e  t h e  g iven  c u r r e n t  l e v e l  o f  demand wi th  f i x e d  

l e v e l s  of i n s t a l l e d  c a p a c i t y  and employment. I n  t h e  s h o r t  pe r i od  

f i r m s  have t o  rnanage,accordingly,their  t r a d e  o f  q u a n t i t i e s  o f  goods 

Expor ts  and 
impor ts  from 

abroad 
(es t ima ted  f lows) 

- Limi ted 
in fo rmat ion  

i n p u t - o u t p u t f o r  
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@ - 
I n t e r r e g i o n a l  
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o f  i n ven to r y  
change) 

Net r e s i d u a l  
v e c t o r  i n  

t h e  t a b l e  - 

change and 
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and t h e i r  p r i c e s  i n  o r d e r  t o  keep t h e  l e v e l  o f  a c t u a l  p roduc t ion  

i n s i d e  a  t ype  o f  snake where t h e  c e i l i n g  i s  t h e  c u r r e n t  c a p a c i t y  

l e v e l  and t h e  f l o o r  i s  t h e  minimum p r o f i t a b l e  l e v e l  of  produc- 

t i o n  f o r  t h e  c u r r e n t  h i r e d  workers.  I n  t h e  medium term t hey  can 

modify t h e  shape of  t h e  snake making a p p r o p r i a t e  new f i x e d  i n s t r u -  

ments combining--again cons i s t en t l y - - t he  d e s i r e d  and t h e  e x i s t -  

i ng  c a p a c i t y  l e v e l s  (you canno t ,  a f t e r  a l l ,  i n c r e a s e  your f u t u r e  

c a p a c i t y  w i thou t  impor t ing  more i f  t h e r e  is n o t  room f o r  more 

f i x e d  i n v e s h e n t ,  which i s  a p robab le  even t  when c a p a c i t y  1s 

a l r e a d y  s a t u r a t e d )  . 
The outcome of t h i s  i d e a  o f  a  c o n s i s t e n t  model f o r  produc- 

t i o n  and t r a d e  i s  t o  make t h e  r e g i o n a l  and f o r e i g n  t r a d e  para- 

meters a f u n c t i o n  of  t h e  l o c a t i o n  o f  t o t a l  demand c a p a c i t y  r a t h e r  

t han  of  p r i c e s .  

For  a  g iven  l e v e l  o f  c a p a c i t y  any i n c r e a s e  of  t o t a l  demand 
i n  a  r eg ion  can bo th  (i) i n c r e a s e  o r  dec rease  i t s  impor t  coe f -  

f i c i e n t  from t h e  rest of t h e  coun t r y  ( a c ~ o r d i n g l y ~ i t s  r e l a t i v e  

degree  o f  unused capac i t y ) ,  and (ii) i n c r e a s e  i ts  impor t  c o e f f i -  

c i e n t  from abroad ( i f  i d l e  c a p a c i t y  i s  ze ro  w i t h i n  t h e  whole 

n a t i o n a l  system) . The impor t  c o n t e n t  ( f rom t h e  r e s t  a f  t h e  

coun t ry )  o f  a  g iven amount of demand i n c r e a s e s  i f  t h e  degree  

o f  unused c a p a c i t y  i s  r e l a t i v e l y  lower i n  t h e  r eg ion .  Other- 

w i s e ,  t h e  impor t  c o e f f i c i e n t  w i l l  dec rease .  Th i s  does  no t  occur  

i f  t h e  degree  of  unused c a p a c i t y  i s  equa l i zed  ove r  t h e  r eg ions ,  

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

Only i f  c a p a c i t y  i s  f u l l y  u t i l i z e d  t h e r e  w i l l  be an i n c r e a s e  

i n  t h e  impor t  c o e f f i c i e n t  from abroad.  

The assumption be ing t h a t , f o r e i g n  markets  a r e  taken  i n t o  

c o n s i d e r a t i o n  by f i rms  on ly  a f t e r  t h e  n a t i o n a l  markets  because 

of  h igher  c o s t s .  Another assumption i s  on t h e  f l e x i b i l i t y  of  

t h e  t r a n s p o r t  network. An i n c r e a s e  of  t o t a l  demand reduces over-  

c a p a c i t y  and,  by assumption, it s t reng thens  r e g i o n a l  i n t e r a c t i o n .  

Th is  even t  i s  p o s s i b l e ,  however, on ly  i f  t h e  t r a n s p o r t  network 

i s  p e r f e c t l y  ' f l e x i b l e ' .  A t h i r d  imp l i ca t i on  o f  o u r  way of  

modeling r e g i o n a l  i n t e r a c t i o n  is t h e  tendency of  , z q ~ ~ a l i z a t i o n  

o f  t h e  r e l a t i v e  r e g i o n a l  ove rcapac i t y .  Assume an  i n c r e a s e  of  

demand i n  a l l  r eg i ons :  t h e  expo r t  c o e f f i c i e n t s  of  sh ipp ing  

reg ions  w i t h  r e l a t i v e  h i ghe r  overcapac i t y  i n c r e a s e  and v i ce  

ve rsa .  



When imports substitute for unfeasible local production 

they are considered as competitive. We have considered, accord- 

ing?-~, competitive all the interregional imports and part of the 

foreign imports. Foreign competitive imports are essentially 

incremental competitive imports. 

In the reference year, all foreign imports (mw) are taken 

as complementary and, consequently, related to total demand. 

This is simply an assumption because in those import flows one 

can find also competive imports. In the following, new compe- 

titive imports are added if there is excess demand: 

A = Leontief matrix (see the Appendix) ; 

B = Chenery-Moses matrix (tridiagonal matrix) 

for regional trade; 

M = diagonal matrix for foreign imports; 

x = production vector by sector and region; 

q = local final demand by sector and region; - x = capacity by sector and region. 

The last tern is equal to zero when capacity is not fully 

utilized (or if the model is solved for the reference year), 

otherwise it is positive. 

The equations for regional exports (er) are defined in 

compact form using a B matrix where the principal diagonal of 

B has been set to zero and defining e as the foreign export 

vector : 

The parameters of the matrix B (and also of a )  change as they 

have to record the shifting import content of total demand. A 

function which seems to show the desired properties is the fol- 

lowing (Martellato 1982a) : 



where 

The parameters a r e  p and z ' , z O .  The cusp p r o f i l e  o f  t h i s  equa- 

t i o n  f o r  t h e  expor t  c o e f f i c i e n t  o f  reg ion  t t o  reg ion  r ( s e c t o r  - 
i) reaches  i ts  maximum-maximorurn, [ l / ( l + p ) l  when Itzi-tzi( = 0 

and xi = xi. When t h e r e  i s  overcapac i ty  somewhere w i th  t h e  

reg iona l  system (G i  > z i ) ,  t h e  cusp is equa l  t o  [q/ ( l . +  z i p  / xi)  I .  

Assume now an i nc rease  i n  t o t a l  demand o f  reg ion  t ,  

t B [Ax + q + e l  , when t h e r e  i s  overcapac i ty  i n  t h e  same reg ion .  

This  even t  should i nc rease  i t s  product ion.  I f  we accep t  t h e  i dea  

t h a t  a l s o  i t s  sha re  i n  t h e  t o t a l  n a t i o n a l  product ion i n c r e a s e s ,  

we must expec t  an i nc rease  of i ts  expo r t  c o e f f i c i e n t  and/or a 

decrease  of  i t s  import  c o e f f i c i e n t .  
- 

Our func t ion  w i l l  al low t h i s  r e s u l t  on l y  i f  t z i <  tz i ,  
t h a t  i s ,  on l y  i f  i t s  demand txi i s  below i t s  normal ized capac i ty .  - - 
From t h e  second row of  (3 )  we have indeed txi < txi rxi / r ~ i .  

The non l i nea r  i n t e r r e g i o n a l  input-output  model is then  formed 

by t h e  equat ion  (31, t h e  d e f i n i t i o n  ( 4 )  f o r  each s e c t o r  i ,  and 

t h e  equat ions  ( 5 )  : 

The model, so l vab le  by i t e r a t i o n ,  imp l ies  t h a t  x I 2 i n  
each s e c t o r  and reg ion .  The l e v e l  of e f f e c t i v e  demand can,  

of course ,  exceed t h e  capac i t y  a v a i l a b l e .  We no te ,  i n  t h i s  

c a s e ,  t h a t  assuming one per iod  of g e s t a t i o n  l a g  of  t h e  new 

inves tment , the  r e s u l t i n g  capac i t y  gap has two d i s t i n c t  e f f e c t s .  

The f i r s t  e f f e c t  i s  an i nc rease  i n  t h e  d e s i r e d  l e v e l  of capac i t y  



which induces new investment. The second is an adjustment, in 

the same year, of the import coefficients from the rest of the 

country and, eventually, of the world. 

4. THE MODEL SYSTEM FOR THE TUSCANY CASE STUDY 

The interregional input-output model (5) outlined in the 

preceding section is actually only the core of the more detailed 

system of models described in Cavalieri et al. (1982b). The 

system has several modules. Besides the interregional one just 

discussed, these are distinct submodels for private investment, 

foreign exports, private consumption, and public expenditure. 

These three activities are all considered, almost in part, 
endogenous in the system. 

Fixed investment is certainly the more difficult to deal 

with. The submodel is, at the same time, the most ambitious 

of all three because investment can be made endogenous in an 

input-output context only in the medium-term (Johansson et al. 

1982). We are accordingly obliged to build a special medium- 

term module for the computation of investment and capacity and 

to link it with the basic short-term system in a rather elabo- 

rate way (Cavalieri et a1. 1982b) . 
In Figure 3 the feedbacks between the two modules are 

sketched. The medium-term feeds back to the other with the 

current private fixed investment (i(t)) as a function of current 

capacity) and with the level of capacity of the next year ( G  (t+l ) ) 

as a lagged function of current investment). The short-term 

module gives to the medium-term module the flow of final demand 

f(t) net of fixed investment for five years. The actual path 

of capacity, which the current level is a function of its lagged 

level as x (t +1) = @[$(x(t) , f (t)) 1 is characterized by a chang- 

ing year growth rate even if it is modeled in the medium-term. 

We have to say that this part of the project is still under way 

which means that all the problems have not yet been solved. 

Foreign exports have to get special attention (Cavalieri 

et al. 1982a) because their relevance for Tuscany. The four 

leading exporting sectors for Tuscany have nonlinear functions 

where the level of export is a function of relative prices and 

relative demand pressure. The remaining exporting sectors have, 



Figure 3. Linkages between the medium- and the short-term 
interregional input-output models. 
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in the two regions, a fixed share of the amount obtained by 

INTIMO, the national model. 

< 

As regards final private consumption and public expendi- 

ture, we have to take into account that they are interlinked 

because the redistributive policy of the public sector (Maltinti 

and Petretto 1982). This consideration has induced us to take 

into account not only the distribution of value added, but also 

of the fiscal policy. In its reduced form, the consumption 

equations relate consumption by sector and region (cf) to pro- 
A. r duction per sector and region (x and :xr) via two disposable 

2r j I r 
income matrices :hlS , h ) plus an additive term (ki) . The 

1 3  
equation is 

- - 
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It has to be underlined that all these parameters k and hl,  h2 

do change according to the fiscal policy. 
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Public expenditure has also received special attention. 

Because the different sectoral-spatial impacts, the total amount 

of public expenditure g will be splitted according to a matrix 

of weights aij (one for consumption and one for investment), 
- gij - aijg, in order to trace back the effects of different 

patterns of public expenditure. The weights aij have been 

estimated with a direct survey of the public sector in Tuscany. 

The last equations of the model system have a monitoring 

purpose. The unemployment rate in the two regions is first 

considered. The level of employment is computed over the 

level of production for a given trend of sectoral labor produc- 

tivity. Labor supply is obtained from a demographic-migration 

model and a function defining the participation rates. 

The second monitoring variable is the foreign trade 

balance. The regional trade balance has its own interest, of 

course, but it is the resulting national balance which should 

be consistent with'official known figures or with the results 

of the national model. If the average unemployment rate and/or 

the foreign trade balance do not match with those benchmarks 

we have to decide if a revision of our senarios for the exoge- 

nous variables used in the forecast is necessary. 

When the resulting foreign trade balance does n6t match that 

obtained with the national model a consistency problem arises. 

If the latter is taken as a constraint a revision of the exo- 

genous demand is in order as usually happens in the two-gap 

models when the foreign pay restrictions limits growth. In 

this case the growth rate is essentially endogenous. This is 

exactly the opposite of our intention. Our model is expected 

to give the local impacts of the growth rate implicit in the 

path of exogenous demand and the economic policies followed 

by local and central authorities so no endogenous revision 

of parameters and/or exogenous vectors is provided. 



APPENDIX 

The structure of the matrices of coefficients, used in 

section 3, for the system with 11131 sectors and k=2 regions, 

is as follows: 

The Leontief matrix for our biregional system is a 

is a block diagonal matrix of total input coefficients. 

The Chenery-Moses matrix contains the regional 

trade coefficients. Its column sums are equal to one, 

and it has three non-null diagonals. 

The coefficient itbi gives the percentage of total 

demand in region t satisfied with local production. 

The coefficient gives the percentage of the same 
demand satisfied with imports from other regions (r). 

The matrix used in the expression (2) is equal to B 

with b. and rrbi set equal to zero everywhere. The tt 1 
matrix M is a diagonal matrix giving the import (from 

abroad) content of total demand in each sector and 

region (complementary assumption). 



Let us now consider the effects on the forecasted level of 

production of a change in the regional trade parameters of matrix 

B. Because of the nature of the matrix B we have (assuming Mii=O 

for simplicity) : (1) new elementary multipliers (I-BA) -', (2) 

constant total multiplier C Z (I-BA) = constant, and conse- 
i j -, 

quently (3) new rows totals C(1-BA) . 
j 

The general conclusion is that the impact on the level of 

production (and employment) depend on the structure of final demand 

which is a type of weighting vector for the multipliers (I-BA)-l. 

The impact on the trade balance depends on the resulting level of 

total demand in the different regions and sectors. 

More formally: let the old Leontief matrix be (I-BA) = Z and 

the new one (I-%*A) = Z*, where B* is the new trade pattern. The 

result Z*" 2 2'' can be proved only if Z* I Z. This is not our 

case because Bfi I Bii implies that C B* 2 C B for i#j , T f  
11 ij' 1. 
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THE ESTIMATION OF A DEMAND EQUATIONS SYSTEM IN A 
REGIONAL INPUT-OUTPUT MODEL: THE TUSCANY 

CASE STLTDY. PRELIMINARY RESULTS 

Laura Grassini 
IRPET, Florence, Italy 

The Tuscany Case Study (TCS), a research project carried on 

at the International Institute for Applied System Analysis (IIASA), 

is a biregional model based upon an input-output framework. The 

biregional structure is determined by Tuscany and the rest of the 

country: Italy. The global structure of the TCS can be found in 

Ca~alieri~Martellato, Snickars (1982); the core of the model, the 

biregional input-output scheme, is described in Martellato (1982). 

A multiregional model covering a national economy must find a 

coherence check and even a source of information in a theoretically 

compatible national model. This need is coupled with INTIMO (Inte- 

rindustry Italian Model)::, a modern input-output model of Italy 

partially developed at IIASA within the INFORUM family models::::. 

The TCS is performed for impact analyses and medium-term 

forecasts and a specific attention has been devoted to the final 

demand components. As far as the private consumption expenditure is 

concerned, a regional estimate of a demand equations system 

:: The INTIMO project is supported by IIASA, I W E T  (Istituto Regio- 
nale per la Programmazione Economica della Toscana), EN1 (Ente Nazio- 
nale Idrocarburi) and is directed by Prof. M. Grassini (university 
of Siena) . 

:::: The INFORUM (Interindustry Forecasting Project University of 
Maryland) project is founded and directed by Prof. C. Almon (Univer- 
sity of Maryland). 



has been considered. Since the macroeconomic aggregates for 

Tuscany represent about 10 percent of the national aggregates, 

a 'regional specific structure' of private consumption expendi- 

ture is expected, while for the rest of Italy the parametric 

structure of the national demand equations system is expected 

to be a plausible approximation. 

The model proposed by Almon (1979), already estimated for 

the INTIMO model (Grassini 1983; Grassini and Ciaschini 1981) 

as for many other models of the INFORUN family, has been adopted. 

1. THE DATA 

The data are described from different sources: (a) from 

family budget data related to central Italy, (b) from family 

budget data specific for Tuscany, (c) regional account (RA) data, 

and (d) national account (NA) data. 

Due to the sample size, family budget data related to 

Central Italy, surveyed in 1978, has been used for estimating 

income elasticities. These data have been considered the sta- 

tistical information closer t o  Tuscany to detect peculiarities 

about such behavioral parameters. 

A time series of family budget data for Tuscany (3973-1980) 

has been used to construct a time series of per capita expendi- 

tures on 40 items corresponding to the items listed in the private 

consumption expenditures of the NA scheme. 

RA data have provided time series (1973-1980) on total pri- 

vate consumption for   us can^*. Matching this time series with 

the previous one, a time series for 40 items of private consump- 

tion expenditures at the current price has been obtained. Unfor- 

tunately, regional deflators for such detailed information are 

not available. Assuming that the price dynamics is homogenous 

all over the country, the national deflators on private consump- 

tion expenditures have been used to turn the previous time series 

into constant price values. 

For 1980 we have used estimated values by applying the 

national rate of change to the values of 1979. 



Finally, RA data have been used for the construction of the 

time series ( 1 9 7 2 - 1 9 8 0 )  on regional disposable income* as described 

in Maltinti and Petretto ( 1 9 8 2 ) .  

2 .  THE MODEL 

This applied demand system is composed by equations of the 

following form 

qi = fi(.) gi(.) , ( 1 )  

where 

n is the number of commodities, 

qi is consumption per capita in constant price 

of good i t  

fi(.) is a function of consumption determinants of 

good i out of prices, 

gi(.) is a function on (relative) prices 

The function fi (.) has the following form 

where 

is income, 

is trend, 

is the price index computed as follows: 

6 = ll .p?j with s as the budget share of expen- 
3 3 j 

diture for good i at the base year, 

A(y/p) is the first difference of real income. 

The function gi(.) for the i.th item is of the form 

For 1 9 8 0  we have used estimated values by applying the 
national rate of change to the values of 1 9 7 9 .  



The restrictions on parameters of expression (1) are: 

(a) adding up in the base year 

1ib2i = 1ib3i = 0 and Zib l i  = 1 , 
(b) homogeneity of degree zero in income and prices 

in the base year 

(c) the Slutsky condition imposed in the base 

year implies 

qi - c.. C - -  5 ,  
ij pj 1 3  pi 

and if we consider that p.q = sir  then 
1 i 

A further reduction on parameters in estimating the model can be 

obtained by introducing the concept of groups and subgroups of 

items. The grouping criteria is based upon complementarity and 

substitutability between goods. The hypotheses are that the same 

1 prevails within the same group (or subgroup) and the same A 

prevails among the groups which are closely related by definition. 

A detailed description of the model can be found in Almon (1979); 

the estimation for Italy is presented in Grassini (1981). 

3. INCOME ELASTICITY 

The income elasticity is an 'exogenous' information for esti- 

mating the model which allows the computation of parameter b 
1 i 

(Almon 1966). The observations used, derived from the ISTAT (1979) 

family budget data, are grouped into 40 items and 19 income classes 

according to increasing values of monthly family income (total 



expenditure). For each class t (t=1,2, ..., T) of extremes 

(R;,l,R;) the arithmetic means of family income, Rt, expendi- 

ture on each item i, Cit, (i=1,2,. . . ,n) and family size, dt' 
are available. The information about dt allows the computation 

of per capita income and expenditure as follows 

Two methods have been considered: the first has been pro- 

posed by Almon (19661, the second derives income elasticities 

from concentration curves (Kakwani 1980). 

The expression for calculating Engel elasticity ni for an 

item i according to the method proposed by Almon is of the 

following f o m :  

where kit is defined as 

This method assumes that if aggregate income increases by a% 

per capita income increases by the same amount and the individuals 

recorded in a given expenditure class t, with extremes (R:L1;R;'), 

with income greater than R: will move their own consumption pattern 

toward the one of the individuals belonging to the next higher class 

t+l with income less than R:+l; the Engel curve underlying n is 
i 

of the form described in Figure 1, where R::, is the per capita 

value which, in our case, is unknown. 

Some considerations must be made about this assumption. The 
first is that the method may give unsatisfactory results if con- 

sumption patterns are very different from class to class. This 

can be a specific problem of sampling data structure. The treat- 

ment of grouping data requires the assumption that individuals 

belonging to the same class have the same consumption pattern. 

In fact the ISTAT classification records, into each class, those 

families that are 'more homogeneous' with respect to the number 



Figure 1. S c a t t e r  of per c a p i t a  expendi ture Cf versus  
per  c a p i t a  income R:. 1, t 

of components owing t o  t h e  e f f e c t  of t h e  high c o r r e l a t i o n  between 

t o t a l  expendi ture and fami ly s i z e .  Furthermore, it has  been shown 

t h a t  t h i s  method, t h a t  was app l ied  t o  t h e  ISTAT fami ly  budget da ta ,  

does not  take  i n t o  account t h e  concentrat ion of expendi tures be- 

tween income c l a s s e s ,  so  t h a t  it may g ive  e l a s t i c i t y  es t ima tes  

too f a r  from any t h e o r e t i c a l  expected va lue (L. Grass in i  1982). 

The second method assumes t h a t  income and expendi ture a r e  

not  equal ly  d i s t r i b u t e d  w i th in  every c l a s s  t and t h e  e l a s t i c i t y  

f o r  a given va lue of income i s  ca l cu l a ted  i n  terms of t h e  con- 

cen t ra t ion  indexes of  income and expendi ture (Kakwani 1980). 

I f  we express func t ion  (1)  a s  

where a . ( t )  con ta i ns  t h e  cons tan t  term, o the r  non-income, non-price 
1 

f a c t o r s  and t h e  f i r s t  d i f f e rence  of income a s  a term i n d i c a t i n g  

incomplete adjustment t o  income l e v e l s ,  t he  equat ion i s  reduced 



to a linear form at the base point where all the prices are set 

to unity. According to Kakwani (1980), we can compute elasticity Pi 

of the linear function f (y) at the mean value of per capita income i 
by the following expression 

where Ii and I are respectively the concentration indexes for ex- 

penditure on good i and for income. The concentration index 

can be calculated without specifying the form of the concentration 

curve, by an approximate method, as follows: 

and 

where 

It can be shown that 

where Cf and R* are the arithmetic means of per capita expenditure 

and income, so pi estimated by (12) and (1 3) verifies the adding-up 
criterion at the mean value of income.* 

Owing to the specific structure of data, we have adopted this 

more sophisticated method for estimating elasticities. 

* 
This method generally underestimates the value of the index because 
it refers to within-class equidistribution. 



4. ESTIMATION AND RESULTS 

According to  Almon (1979) and Grassini (1981), the equation 

for an item i belonging to the .group G can be written in the 

following form: 

where pG is the price index within the group G, A. is the Aij 

for those items that do not belong to the group G and 

with A G  and sG as A i j  and sum of expenditure shares for those 

items belonging to the group G. 

The algorithm of calculus for the estimation assumes bil, 

from the estimation of income elasticity, and A. as given and 

proceeds with a method of non-linear estimation. 

If we carry out a Taylor series expansion of qi about the 
- - point boi = bZi - b3i - bqi  = A h  = 0 and curtail the expansion 

at the first derivatives we obtain 

where the unknown parameters, not b l i  and Ao, are estimated by 

means of the least squares method. The estimated values repre- 

sent the new point about it the Taylor series is calculated. 

This procedure goes on until the sum of squared residuals is 

irrelevant with respect to a given value. 

Table 1 shows the results of the estimation for 40 items 

which have been grouped according to the scheme actually used 

in the INTIMO model. 

1. Food 

Subgroup 1: Bread and cereals, fruits and vegetables, 

potatoes, soft drinks, sugar; 
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income t i m e  i n  1 o r i c e  e l a s t i c i t i e s  
e l a a t i c i t v  o  s t  v  omn a r o u o  r u b a r e u p  a e n r r e l  - - -  

t o r n i t u r e  2-96? 
t * * t i l * s  1.C52 
h o u s e h o l d  a p p l i r m c e s  1.CII2 
g1ass.ork end p o t t r r v  1.611 
non  d u r a b l e 9  and s e r v i c e s  0.t4O 
r a d i o  bnd  t v  s e t s  1.431 

s e c t o r  subgroU0 commod i t v  

m e d i c i n e  
m e d i c a l  a ~ p l i a n c ~ s  
med lcm l  c a r e  
h o s ~ i t a l  Care 

h e a l t h  

i ncome t i m e  i n  X o r i c e  a l a s t l c i t i e s  
e l a a t i c l t v  o  s t  r omn g r o u p  s u b ~ r o u o  g e n e r a l  

0.565 5.1 -0.092 -0.002 0.000 
1.807 -15.2 -0.092 -0.002 0.000 
1.C34 9.4 -0.094 -0.006 0.000 
2.250 16.1 -0.091 -0,001 0.000 

t r a n s o o r t a t i o n  

 actor subgroup  commodi ty  income t i m e  i n  X p r i c e  e l a s t i c i t i e s  
a l a n t i c i t v  o f  l a s t  r omn g r o u p  SubgrOuD g e n e r a l  

28 means o t  t r a n s o r t n t l o n  3.306 5 5  -0.026 -0.006 0.001 
29 u s e r  c o s t  o f  t r a n s p o r t a t i o n  1.280 0.9 -0.080 -0.060 0.009 
30 t r a n s p o r t  a e r v i c m s  0.979 3.8 -0.025 -0.005 0.001 

r e c t o r  nubgroup  commod i t v  

31 c o m u n i c a t i o n  

c u l t u r e  end r e c r e a t i o n  

incoma t i n *  i n  X p r i c e  e l a s t i c i t i * ~  
e l a a t i c i t v  o f  s t  v  omn g r o u p  aubgrouo  g e n e r a l  

1.280 6 5  0 8 7 5  0.117 0.001 
n e r s p a o e r s  amd hooks  1.205 5.2 -0.650 0.542 0.002 
r d u c a t l o n  1.205 5.2 -0.765 0.227 0.002 
e n t a r t e i n m e n t  and r e c r e a t i o n  2.108 -8.2 -0.967 0.025 0.000 
h o t e l * ,  c a t e r  r e s t a u r a n t s  1. 506 4.1 -0.805 0.187 0.001 

o t h e r  goods 

s a c t o r  subgroup  commodi ty  incoma t i m e  i n  1 p r i c e  e l a s t i c i t i e s  
elasticity o f  l a s t  vr .  oun QrouD r u b q r o u ~  g e n e r a l  

23 d o m e s t i c  s e r v a n t  2.379 -27.2 -0.198 0.006 0.000 
3 6 p e r s o n r l  t o i l e t  a r t i c l e s  0.906 2.8 -0.169 0.055 0.003 
3 8 o t h e r  goods 1.555 -36.7 0 1 1  0.071 0.006 
39 t i n a n c i a 1  s e r v i c e s  and i n s u r  1.581 1.0 -0.200 0.002 0.000 
40 o t h e r  s e r v i c e s  2.033 11.6 -0.201 0.001 0.000 

aepe r h o  

nape r h o  

aepe r h o  

r h o  

7.7 0.48 



Subgroup 2: Meat, fish, dairy; 

Subgroup 3: Butter, margarine and oil, coffee, tea, 

cocoa, other food; 

2. Alcohol and Tobacco: 

Alcoholic drinks, tobacco; 

3. Clothinq: 

Clothing and repairs, shoes and repairs; 

4. Housing: 

Housing rent, fuel and electricity; 

5. Durables: 

Furniture, textiles, household appliances, glasswork, 

and pottery, nondurables and services, radio and 

television sets; 

6. Health: 

Medicine, medical appliances, medical care, hospital 

care; 

7. Transportation: 

Means of transportation, user cost of transportation, 

transportation services; 

8. Culture and Recreation: 

COmmunication, newspaper and books, education, enter- 

tainment and recreation, hotels, cafes, restaurants; 

9. Other Goods: 

Domestic servants, personal toilet articles, other 

goods, financial services and insurance, other services. 

The income elasticities computed with respect to total expen- 

diture are scaled assuming a propensity to consumption about 0.76; 

they are converted into linear income coefficients at the mean 

income and expenditure of the year 1978. For the estimation of 

the model the value of disposable income estimated for Tuscany 

was used and lo has been put equal to 0.1. 



These preliminary results (see Table 1 and Table 2 )  must be 

very carefully analyzed. The own price elasticities are all 

negative with a range of variation between -0.006 and -0.97. 

Complementarity is present within the groups Clothing, Trans- 

portation, Alcohol and Tobacco, Health and Durables. It is not 

present in Food where all the goods appear within the subgroups 

independent from one to the other. An unexpected degree of sub- 

stitutability is even present in the group Housing. The inter- 

dependence among the items in Other Goods is very small. 

The value of the average ab'solute percentage error (AAPE) 

is somewhere a little disappointing and often the plots are not 

reassuring about the fitting obtained. Some words must be said 

about the group Health that has a 'starred' W E .  The matching 

of the family budget and regional account (RA) data shows some 

problems about the interpretation of the results. On one side, 

data on monthly family expenditure for 40 items gives necessary 

information about the composition of consumption expenditure 

and they have been used to split RA total family consumption 

into 40 items since such data is not available from the RA 

system. A bridge matrix derived directly from the national 

one used for the INTIMO model will create, within the model, 

the required coherence between 40 consumption items and 31 

producer sectors of the Tuscany economy. On the other hand, 

those data sources are based on different schemes and assump- 

tions. In the RA system the total expenditure contains public 

administration health expenditure as if it was made by families. 

So, if we split RA total family expenditure applying the shares 

derived from family budget data, we distribute part of public 

expenditure on health on the other items which are not contained 

in the item Health. Expenditures which are not determined by 

consumer units are included in their choice process. The small 

incidence of expenditure for Health within the family budget, 

about 0.93%, explains the values of the estimated elasticities 

and the AAPE index. In fact the AAPE index is sensitive to 

observed values of expenditure which are about zero and the item 

Hospital care expenditure presents very small values for the years 

1976 and 1977. 
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Apart from some unexpected value of AAPE's, it is interest- 

ing to look at the estimated parameter bji, the time coefficient, 

which is reported in percentage with respect to the value of 

consumption of the last year. It is very important for fore- 

casting aims to obtain small values of that parameter; otherwise, 

it can indicate a removal of the estimated curve from the true 

trend. In fact, estimated high values of bji mean that income 

and prices are not able to describe adequately consumption 

expenditure and so even the estimated income elasticities appear 

unappropriate. The worse results, in terms of AAPE and b3i t  

have been obtained for expenditures on durables, for which the 

sample referring to a part of Italy, is suspected to be under- 

dimensioned. 

These results, obtained from a preliminary application, show 

that it is necessary to search for more refined data since the 

expenditure functions seem to work reasonably well. Furthermore, 

other estimation experiments might be performed, with different 

assumptions about starting X o  and the grouping criteria. 
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SOME PROBLEMS OF REGIONAL INPUT-OUTPUT 
ANALYSES DEMONSTRATED WITH EXPORT 
DEPENDENCE IN BADEN-WURTTEMBERG 

Werner Miinzenmaier 
Statistisches Landesamt Baden- Wurttemberg, Stuttgart, FRG 

1. Input-Output Techniques in the State of Baden-Wurttemberq 

In accordance with the political organization of the Federal 

Republic of Germany (FRG) certain sectors of economic politics 

fall under the jurisdiction of the individual states. A 

consequence of this is that input-output tables have been 

compiled not only for the FRG as a whole, but also for some 

of the individual federal states as well. For the state of 

Baden-Wurttemberg input-output tables exist in the versions A 

and B for the year 1972, with 41 functionally defined 

production sectors (comniodity by commodity tables); see /2/. 

The most important data for the processing and the construction 

industries were gathered through a special survey /I/. In 

addition more aggregated input-output tables at 1970 prices 

with 14 production sectors were compiled for the years 1972, 

1974 and 1976 in the version B. The regional matrix of Baden- 

Wurttemberg for the year 1974 is coordinated with a corresponding 

national matrix, compiled at current prices for 60 production 

sectors by the Federal Statistical Office /5/, and corrected to 

1970 prices for 14 production sectors by the author. The method 

The author would like to thank Mr. Keith Chilvers for help with the translation 

and Mrs. Ursula Wagner for the type-writing. 



of compiling and price adjustment is described in 141. Because 

of the enormous problems not only of estimating input-output 

tables for successive years on the basis of only partly complete 

information, but also of price adjustment, it is obvious that 

the data quality of the regional and national matrices compiled 

in this way, is not as accurate as that of the mentioned source 

matrices. Nevertheless for the successive empirical analyses we 

will refer to these input-output tables of 1974 because of the 

importance of having coordinated regional and national matrices. 

2. Some Economic Data of Baden-Wurttemberq 

The data of the mentioned input-output tables point to some 

characteristics of the economic structures of Baden-WBrttem- 

berg. Table 1 shows that the economy of Baden-Wurttemberg is 

more concentrated on the production of investment goods - i.e. 

especially machinery, vehicles, electrical engineering, 

precision engineering and optics, hardware and metal goods -, 
and on timber, paper, leather and textiles and on the building 

and construction industries than that of the FRG as a whole. 

Thus the economies of the other federal states on an average 

are more concentrated on the service economy (including trade, 

transportation and the public sector) on the one hand, and on 

the winning of raw materials (i.e. agriculture, forestry and 

mining) as well as the basic industries (chemicals, building 

materials, mineral oil refining, iron, steel and metals) on the 

other. These differences in the economic structures are also 

reflected in the export structures. Whereas for example 

67 per cent of the exports from Baden-Wurttemberg consist of 

machinery, vehicles, products of electrical or precision 

engineering, optics, hardware, metal goods and so on, the 

exports of these goods amount to only 45 per cent for the FRG as 

a whole. These differences in export structures explain largely 

why the export quota of Baden-Wurttemberg (12.9 per cent) 

exceeds that of the FRG as a whole (11.5 per cent). 
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3. Export Dependence, Direct and Indirect 

3.1 Special Regional Aspects 

Questions of differences in export dependence between Baden- 

Wurttemberg and the FRG as a whole (or the other federal states 

respectively) will be treated comprehensively in the following. 

For this purpose we will calculate the indirect export dependence 

of the production sectors of Baden-Wiirttemberg and of the FRG. 

For this we use the open static Leontief model (quantity version) 

where ye = vector of the (direct) exports 

I = unit matrix 

A = matrix of the input coefficients 

x = vector of the direct and indirect exports. e 

It is useful to remember that the iterative solution procedure 

for this model is as follows: 

in the iteration steps 1 2 . . . . n. 

For n-+ oo we arrive at the general solution shown in (1). 

Applying this model to calculate the export dependence in Baden- 

Wurttemberg and the FRG, and using the export vectors and the 

input coefficient matrices of Baden-Wurttemberg on the one hand 

and of the FRG on the other, we get the results shown in table 2. 

We see that in 1974 the direct and indirect export quota of Baden- 

Wiirttemberg amounts to 17.7 per cent, and that this is less than 

that of the FRG as a whole (22.7 per cent). This may seem 

surprising because as mentioned the direct export quota of Ba- 

den-Wurttemberg is 1.4 percentage points higher than that of 

the FRG as a whole. Indeed we see a considerable difference 

between the indirect export quotas of Baden-Wurttemberg (4.8 per 



1 Agriculture 

2 Energy, r in ing  

3 Chedcals, building mat. 

4 Iron, steal, m t a l s  

5 Machinery, vehicles 

6 Electr ica l  aagineering 

7 Tidr, p-r, tex t i l es  

8 food, b v m g e s  

9 Construction 

M Trada and c o m r w  

11 Trmsportations 

12 Other services 

13 Private organizations 

14 Public sector 

A l l  sectors 

Table 2: Oimt and indi rect  export depndenw i n  BodenSnrttemborg and the federal Republic o f  
b r rany  1974 

1 Agriculture 

2 Energy, l i n i n g  

3 Chmicals, building st. 

4 Iron, s tw l ,  metals 

5 Machinery, vehicles 

6 Electr ica l  engineering 

7 Tinber, papr, tex t i l es  

8 food, beverages 

9 Construction 

10 Trade and wmrw 

11 Transportations 

l2 othtr  services 

13 Private organizations 

14 Public sector 

A l l  sectors 

Product!m sector1 

Export quota i n  per cat 

1) Sea glossary i n  the appendix 

Exports i n  m i l l .  OM 

Exoort dbpen&nce of 

Badm4r t te rberg  

t o t a l  ( direct  [ ind i rect  

federal Republic o f  Gemany 

t o t a l  I direct 1 ind i rect  



cent) and the FRG (11.2 per cent). Nevertheless we cannot conclude 

from these results a much reduced demand for intermediate inputs 

for Baden-Wiirttemberg in relation to the other states of the 

FRG. This would be most implausible as the exports from Baden- 

Wurttemberg as mentioned are more concentrated on finished 

products (especially investment goods), that usually require 

intermediate goods in greater quantities than the production of 

raw materials or the products of basic industries. The figures 

reflect rather the use of the model, more accurately the regional 

distinction in the inclusion of indirect effects. 

For demonstration purposes the national economy of a state 'n' 

can be subdivided into two regions 'a' and 'b' to analyse the 

effects of indirect export dependence in these regions. In 

figure 1 we see the (direct) exports and the two initial steps 

of the indirect effects of export dependence - according to 

equation (2) - in a state 'n', now subdivided into all possible 

effects for the two regions 'a' and 'b'. The lines 1 to 4 show 

the effects of the exports from region 'a'. For the first two 

steps these exports can induce supplying effects in region 'a' 

only (line 1) , in region 'b' only (line 4) or both in region 

'a' and 'b' (lines 2 and 3). In the same manner indirect effects 

in regional distinction exist for the exports from region 'b' 

(lines 5 to 8 ) .  Of course all these direct and indirect export 

effects are part of the economy of the state In' i.e. all 

intermediate inputs imported from the economies of other states 

are left out of consideration. 

The open static Leontief model for the state 'n' 

(model I) 

n where ye = vector of the direct exports from the state In' 

A" = matrix of the input coefficients of the state 'n' 

xnn = vector of direct and indirect exports induced by e exports from the state In' and effective in the 
state 'n ' 



F igu re  1 

Export induced supplying e f f e c t s  f o r  a n a t i o n a l  economy wi th  

2 reg ions  ' a '  and ' b '  

g ives  t h e  r e s u l t s  of a l l  i n d i r e c t  e f f e c t s  t h a t  a r e  presented 

i n  f i gu re  1 f o r  t h e  f i r s t  two s t e p s  according t o  equat ion ( 2 )  

and a l s o  t h e  e f f e c t s  of t h e  fo l lowing s t e p s .  The appropr ia te  

i n d i r e c t  e f f e c t s  a r e  given exac t l y  i n  

Export  induced supplying 
e f f e c t s  i n  

s t e p  1 I s t e p  2 

f o r  reg ion  

Line 

1 

aF 
a-a 

2 a-b 

3 b-b 

4 b-a 

5 b F b  

6 b-a 

7 a-a 

8 a-b 

D i rec t  expo r t s  

from region 



nn where z = vector of the indirect exports induced by the export 
from state In' and active in state 'n' 

n n n x and ye as are defined in equation (3). e 

An open static Leontief model for the region 'a' 

(model 11) 

a where ye = vector of the direct exports from the region 'a' 

= matrix of the input coefficients of the region 'a' 

aa x = vector of direct and indirect exports induced by 
exports from the region 'a' and effective in the 
region ' a ' 

gives the vector of the indirect effects 

Looking at the first two supplying steps shown in figure 1, this 

vector includes both steps in line 1 and the first step in line 

2. The second step of line 4 is not included, although it is 

induced by exports from region 'a' and concerns the supplying 

industries in this region too. Likewise in model I1 the effects 

are not included that are induced by exports from region 'a' 

and are effective for the supplying industries of region 'b', 

or that are induced by exports from region 'b' and are effective 

in the supplying industries of region 'a' respectively. In the 

same manner there are problems for the successive steps 3,4, etc. 

Thus model I1 does not include three kinds of indirect effects, 

induced by exports from region 'a' or 'b', that should be 

considered when discussing indirect export effects in region 

'a' or 'b', and that are in some sense important for comparison 

with results of corresponding national analyses. In particular 

these are the following effects: 



1) Certain indirect effects that are induced by the exports 

from region 'a' and that are effective for the supplying 

industries of this region. Parts of these effects are not 

included in the results of model 11, namely when before an 

appropriate supplying effect step in the series of direct and 

indirect effects at least one supplying effect is included 

which is active for industries of region 'b'. Figure 1 gives 

an example of this in line 4, effect of second step. 

2) All indirect effects that are induced by the exports from 

region 'b' and that are effective for the supplying industries 

of region 'a'. From the point of view of the whole national 

economy these effects are clearly export induced, and they are 

effective in region 'a'. Nevertheless they are neither included 

in the results of model I1 nor in a corresponding model based on 

the export vector and the input coeffient'matrix for the exporting 

b b  region 'b' (ye, A 1 .  In figure 1 these effects are demonstrated 

in line 7 (two effects) and in the lines 6 and 8 (one effect 

each). 

3) All indirect effects that are induced by the exports from 

region 'a' and that are effective for the supplying industries 

of region 'b'. From the point of view of the national economy 

these effects are export induced, but they are neither included 

in model I1 for region 'a' nor in the corresponding model for 

region 'b'. Figure 1 shows these effects for the first two 

steps in line 3 (two effects) and in the lines 2 and 4 (one 

effect each) . 

3.2 Possibilities for Solving the Regional Problems 

The following passages show some possibilities of estimating 

these regional effects in their order of magnitude. 

It is comparatively simple and comprehensible to estimate the 

effects mentioned in 3). The open static Leontief model 



(model 111) 

a where ye = vector of the direct exports from the region 'a' 

An = matrix of the input coefficients of the state In' 

xna = vector of the direct and indirect exports induced e by exports from region 'a' and effective in the state 
'nr 

gives information of the indirect exports in the national economy 

of the state Inr induced by the exports of region 'a'. Precisely 

the appropriate vector of the indirect effects is defined by 

Subtracting the results of model I1 (equation (6)) from these 

results we get an order of magnitude of the effects induced 

by the exports from region 'a' and effective in the other region 

of the state 'n', i.e. region 'b' 

where z:a = vector of the indirect exports induced by exports 
from region 'a' and effective in region 'b' 

na aa z , ze as are defined in the equations (8) and (6). 

As mentioned in 1) of section 3.1 it should be taken into 

consideration however that only some parts of indirect export 

effects that are both induced and effective in the region 'a' 

can be estimated with model 11. We must remember this later on. 

The effects described in 2) can be computed indirectly with the 

help of model I. The indirect effects induced by the exports 

from the state 'n' and effective in the state 'n' thus gained 

- see the equations (3) and ( 4 )  - can be divided into those that 

are effective in region 'a' and those in region 'b'. This can 

be done in an auxiliary fashion by taking the regional quotas 

of sectoral gross output 



with i = 1, 2, ..., m 

n where x = gross output of production sector 'i' in the state 'n' i 
a xi = gross output of production sector 'i' in the region 'a' 

b xi = gross output of production sector 'i' in the region ' b' . 
We know that using regional quotas of sectoral gross output is 

not as appropriate as using regional quotas of sectoral 

intermediate outputs. These quotas can only be obtained when 

comparable input-output tables are available for both regions. 

Unfortunately this is not the case in the FRG. 

Using the quotas shown in equation (10 a) and (10 b) the vector 

nn z giving the results of indirect export induced effects in e 
the state In' - see equation (4) - can be divided into the 

vectors zzn and z:". These vectors express respectively the 

indirect effects that are induced by the exports of the state 

In' and are effective for the supplying industries of both regions 

'a' or 'b'. The elements of these vectors are defined 

with i = 1, 2, ..., m 

nn an where z zbn are the elements of the appropriate vectors ei' zei' ei which express the indirect effects of the 
production sector 'i' 

a qi, qq as are defined in the equations (10 a) and 110 b) . 
To estimate the effects described in 2) of section 3.1 the 

indirect export induced effects active in region 'a' and 

a a induced by the exports from region 'a' too - i.e. z , see e 
equation (6) - are subtracted from the effects given in the 



v e c t o r  zan ( e q u a t i o n  (11 a ) )  e 

where  zEb = v e c t o r  o f  t h e  i n d i r e c t  e x p o r t s  i nduced  by e x p o r t s  
f rom r e g i o n  ' b '  and e f f e c t i v e  i n  r e g i o n  ' a ' .  

I n  a d d i t i o n ,  w i t h  t h e  h e l p  o f  t h e  r e s u l t s  o f  t h e  p r e v i o u s  

c a l c u l a t i o n s  we a r e  now a b l e  t o  e s t i m a t e  t h e  i n d i r e c t  e f f e c t s  

t h a t  a r e  b o t h  o p e r a t i o n a l  i n ,  and i nduced  by t h e  e x p o r t s  f rom 

r e g i o n  ' b ' .  F o r  t h i s  p u r p o s e  t h e  f o l l o w i n g  o p e r a t i o n  i s  done 

where zzb  = v e c t o r  o f  t h e  i n d i r e c t  e x p o r t s  i nduced  by 
e x p o r t s  f rom r e g i o n  ' b '  and e f f e c t i v e  i n  
r e g i o n  ' b ' 

zEa a s  a r e  d e f i n e d  i n  t h e  e q u a t i o n s  (11 b )  and ( 9 ) .  

A s  a p r o v i s i o n a l  r e s u l t  we have f o u r  v e c t o r s  o f  i n d i r e c t  e f f e c t s  

i nduced  by t h e  e x p o r t s  f rom t h e  r e g i o n s  ' a '  and ' b '  o f  a s t a t e  

' n ' ,  and e f f e c t i v e  f o r  t h e  s u p p l y i n g  i n d u s t r i e s  o f  t h e s e  two 

r e g i o n s .  These v e c t o r s  were computed by t h e  p r o c e d u r e s  shown i n  

t h e  f o l l o w i n g  e q u a t i o n s  

i n  which g e n e r a l l y  

(14 )  zkl = v e c t o r  o f  t h e  i n d i r e c t  e x p o r t s  i nduced  by 
e x p o r t s  f rom r e g i o n  '1 ' and e f f e c t i v e  i n  t h e  
s u p p l y i n g  i n d u s t r i e s  o f  r e g i o n  ' k ' .  

W e  must remember however, t h a t  a s  ment ioned i n  1) o f  s e c t i o n  3 .1  

t h e  v e c t o r  zza computed w i t h  model I1 does  n o t  i n c l u d e  some 

s t r e a m s  o f  t h e  i n d i r e c t  e f f e c t s  a c t i v e  i n  r e g i o n  ' a '  and i nduced  

by e x p o r t s  f rom r e g i o n  ' a ' .  The most  i m p o r t a n t  o f  t h e s e  e f f e c t s  

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



z = v e c t o r  o f  t h e  i n d i r e c t  e f f e c t s  a c t i v e  i n  reg ion  e ' a '  and induced by t h e  f i r s t  supply ing e f f e c t  
o f  reg ion  ' b ' ,  which has been induced by t h e  
expo r t s  from reg ion  ' a '  i n  i ts  t u r n .  

A s  can  be  seen t h i s  v e c t o r  on ly  exp resses  t h e  e f f e c t s  induced 

by t h e  f i r s t  supply ing s t e p  of r eg ion  ' b e .  There fo re  i t s  r e s u l t s  

do n o t  i nc l ude  a l l  r e l e v a n t  e f f e c t s ,  b u t  appa ren t l y  t h e  most 

impor tan t  ones. 

Th is  v e c t o r  itba can be used n o t  on ly  t o  c o r r e c t  t h e  r e s u l t s  of 

t h e  v e c t o r  z t a ,  b u t  a l s o  t h e  r e s u l t s  of t h e  o t h e r  v e c t o r s ,  

because t h e s e  v e c t o r s  a r e  computed w i th  t h e  h e l p  of t h e  

a a  ' r e g i o n a l '  v e c t o r  ze on t h e  b a s i s  o f  r e l e v a n t  ' n a t i o n a l '  

vec to r s .  Th is  i s  shown i n  t h e  equa t i ons  (91, (12)  and ( 1 3 ) .  

By c a l l i n g  

(16) z kl* = ' c o r r e c t e d '  v e c t o r  o f  i n d i r e c t  expo r t s  e induced by expo r t s  from reg ion  '1' and 
e f f e c t i v e  i n  t h e  supply ing i n d u s t r i e s  
o f  r eg ion  ' k '  

w e  g e t  t h e  equa t i ons  

aa*  I zaa + zaba 
Z e e e 

Z ba* - - Zba - zaba 
e e e 

Z 
ab* - Zab - =aha - 
e e e 

z bb* = Zbb + zaba 
e e e '  

W e  w i l l  t r y  now t o  g i v e  some p o i n t s  o f  t h e  o r d e r  o f  magnitude 

of  t h e s e  e f f e c t s .  The f i r s t  supply ing s t e p  of t h e  i n d i r e c t  

e f f e c t s  i n  t h e  v e c t o r  z:ba i s  induced by expo r t s  from reg ion  ' a '  

and i s  e f f e c t i v e  f o r  t h e  i n d u s t r i e s  i n  r eg ion  ' b ' .  I ts  va lues  

can be  computed w i t h  t h e  model 

a 
where ye = v e c t o r  o f  t h e  e x p o r t s  from reg ion  ' a '  

= mat r i x  o f  t h e  ' supp ly ing  c o e f f i c i e n t s '  i n  r e fe rence  
t o  s u p p l i e s  made by i n d u s t r i e s  i n  r eg ion  ' b ' ,  
and d e l i v e r e d  t o  i n d u s t r i e s  i n  r eg ion  ' a ' .  The 
ma t r i x  i s  computed by d i v i d i n g  t h e  e lements  con ta i n i ng  
t h e  s u p p l i e s  from reg ion  ' b '  i n t o  r eg ion  ' a ' ,  by 
t h e  g r o s s  ou tpu t  o f  t h e  app rop r i a t e  r ece i v i ng  
product ion s e c t o r  o f  reg ion  ' a '  



zba = vector of the first supplying effect induced by 
exports from region 'a' and effective in region 'b' . 

This first indirect effect active in region 'b' induces in its 

turn further indirect if fects; according to equation (2) the 

second and following supplying steps. These can be computed to 

ascertain their effectiveness for state 'n9 as a whole with the 

mode 1 

where xEba = vector of the direct and indirect effects in state 
'n' induced by the first indirect effect in region 
'b', which has itself been induced by exports 
from region 'a' 

2:; and  a as are defined in the equations (3) and (21). 

In further steps we can compute the vector 

2 nba = xnba - ,ba 
e e e 1 

where zzba = vector of the indirect effects in state In' 
induced by the first indirect effect in region 'b', 
which has itself been induced by exports from 
region ' a ' 

and distribute its results between the regions 'a' and 'b' by 

using regional quotas of the sectoral gross output again. 

In particular we get 

(24) z aba = znba a 
ei ei qi 

where are the elements of the vector z:ba defined in (15) 

znba are the elements of the vector z~~~ defined in (23) e i 

q ? a s  is defined in equation (10 a) . 
1 

We must admit that the results of these operations can only 

give an order of the magnitude of the effects which are not 

included in model 11. The particular effects are not 

computed which are induced by the second and the following 



steps - i.e. z ba ba 
e2' 'e3' ..., -, and there are also problems in 

distributing the various effects between the two regions. 

4. Some Results 

4.2 Preliminary remarks 

The following examples show some results concerning the export 

dependence of Baden-Wurttemberg more thoroughly. Calling the 

FRG as a whole the state In', Baden-Wiirttemberg the region 'a', 

and the other federal states as a whole the region 'b', we can 

estimate the various results of regional export dependence 

expressed by the vectors that were defined and explained in 

chapter 3. For calculation purposes we use the input-output 

tables of the FRG and Baden-Wiirttemberg for 1974 which were 

mentioned in chapter 1. It should be noted that it is intentional 

that only the export dependence is discussed here, because the 

export vector is the only vector of an input-output table that 

does not include imports or supplies from other economies. 

Consequently it is possible to calculate this vector for 

'region b' (or the other federal states respectively) although 

no input-output table for this region is available, but only 

for 'state n' (FRG) and 'region a' (Baden-WUrttemberg). This 

aspect has special importance for calculating the results of 

equation (9) with the use of the equations (6) and (8) or the 

results of equation (12) with the use of the equation (41, (6) 

and (11) respectively. Finally it has been possible to estimate 

in equation (13) the indirect effects induced by the exports 

from region 'b' and active for supplying industries in region 

'b', without having an input-output table for this region. 

In presenting the results we begin with estimating the order 

of magnitude of vector ze - see (15) and (24) . For Baden-WUrt- 

temberg the sum of the effects represented by this vector 

amount to about 0,75 billion DM. That is about 6.6 per cent of 

the indirect effects shown in table 2, column 1 i.e. the 

indirect effects induced by the exports from Baden-WUrttemberg 

and effective for the supplying industries of this state are 



underestimated using model I1 by at least 6.6 per cent. For 

this reason only the corrected results will be refered to  in 

the following, i.e. the results of the equations (17) to  (20). 

In this respect the results of this paper differ from those of 

the earlier analysis /3/, where these problems of certain 

missing effects were no more than mentioned. Finally the 

analysis of the present paper is based on coordinated national 

and regional input-output tables and of a more recent date. 

4.2 The Export Dependence in Baden-Wurttemberg and the Other 

States of the FRG 

Table 3 shows the values of the export induced supplying 

effects for Baden-WUrttemberg and the other federal states. We 

see that the exports from Baden-WUrttemberg induce supplying 

effects that ar more effective in the other states of the FRG 

(17.9 billion DM) than in Baden-WUrttemberg itself (12.1 

billion DM). Moreover these supplying effects for the other 

states (17.9 billion DM) are more extensive than those that are 

induced by the exports from the other states and active in 

Baden-WUrttemberg (10.9 billion DM) . 

To come back to the statements given in chapter 2 and in the 

beginning of section 3.1, a comparison between the indirect 

export dependence of a national state and that of one of its 

region must consider the indirect export dependence of the 

other regions too, whether for their exporting or their supplying 

industries. 

Otherwise the figures in table 3 give an impression of the 

characteristics of the division of labour between Baden- 

Wiirttemberg and the other federal states. As mentioned the 

industries of Baden-Wiirttemberg induce more supplying effects 

in other states (17.9 billion DM) than in their own state 

(12.1 billion DM), or than do the other states in Baden-Wiirttem- 

berg (10.9 billion DM). These differences and especially the 

enormous magnitude of the supplying effects for industries in 

the remaining federal states account for the economic structure 

of Baden-WUrttemberg that has been already mentioned in chapter 



Table 3: Direct and indirect export dapmdence o f  Baden4lrttemberg (BY) and the other states o f  
the Federal Pepublik o f  G e m y  1974 

PrOCctf sector1 

Suwlrinq effects induced br the exports from 
Badm-blIrttemberg I other states 

and effective i n  

BW lother states I BW I other states 

mi l l ion DM 

1 Agriculture 

2 Energy, mining 

3 Chrdcals, bui lding mt. 

4 Iron, s t r l ,  r t a l s  

5 Machinery, vehicles 

6 Elect r ica l  engineering 

7 Timber, plprr, text i les 

8 food, b e r a g e s  

9 Construction 

l 0  Trade a d  c o r r a  

11 Trosportations 

12 Other services 

13 Private organizations 

14 Public sector 

A l l  sactors 

466 147 

472 1 Ma 

1088 2812 

1 740 6 525 

1 987 1 321 

1307 1% 

1099 1 029 

242 297 

lo6 19 

868 1 n 9  

900 498 

1682 1 091 

7 6 

1% 22 

12094 17 928 

Regional distr ibution i n  per cent 

1 Agriculture 

2 Bergy, d n i n g  

3 Chedcals, building rat. 

4 Iron, steel, motals 

5 Machinery, vehicles 

6 Elect r ica l  a g i n w r i n g  

7 Timber, papor, t e x t i l w  

8 Fwd, beverages 

9 Construction 

10 Tndr a d  c o r r c e  

11 Trrsportat ioas 

72 Other m r v i a s  

13 Private orgaizations 

14 Public sactor 

A l l  sectors 

76,O 24,O 

24,6 1594 

27,9 n, 1 

21,l 78,9 

4 1  3999 

6 ~ 0  54,O 

5 1 4  ' 4 4  

41 9 55,l 

8498 3 9 2  

42,4 57,6 

6 3 4  3596 

6097 3993 

53,8 4692 

8 5 ~ 5  14,5 

5093 59,7 

1) S r  glossary i n  the appendix 



2. The concentration on the production of export intensive 

investment goods involves an enormous demand for basic goods - 
especially iron, steel and other metals and also chemical 

goods -, as well as for raw materials too. In accordance with 

the national division of labour in the FRG, the basic goods are 

produced mainly in the other federal states. The figures in 

table 1 give an impression of these economic structures. In 

consequence the demand in Baden-WUrttemberg for intermediate 

products produced in other federal states is above average. 

A look at the individual production sectors in table 3 confirms 

this. Of the typical supplying sectors energy and mining or the 

production of basic goods (i.e. chemicals etc., iron, steel and 

metals) the supplying effects induced by the exports from Baden- 

Wurttemberg are very much lower for its own industries than 

for those of the other states. The corresponding industries 

of Baden-Wurttemberg profit from these supplies for only 21 to 

28 per cent (see table 3, column 1). Only for certain investment 

goods within the processing industries are these supplying 

effects for Baden-Wurttemberg considerably greater than for 

the other states: of the intermediate machinery and vehicle 

products 60 per cent are delivered from industries in Baden- 

Wurttemberg, 40 per cent from the other states. With timber, 

paper, leather and textiles the relation is 52 to 48 per cent. 

The even greater quotas in favour of its own state existing 

for agriculture and forestry (76 per cent), building and 

construction (85 per cent) , transportation (64 per cent) and 

services as a whole (62 per cent) are the consequence of their 

regionally more limited radius of action. 

Altogether the high supplying effects in favour of energy, . 
mining and the production of basic goods in the other states 

dominate the total regional distribution (60 per cent in favour 

of the other states - see table 3, column 2). 

In the same way we see a relative concentration in the production 

of intermediate investment and consumption goods in the deliveries 

from Baden-Wiirttemberg to the other states (table 3, column 3). 

The supplying industries of Baden-Wurttemberg are very important 



in this sense for electrical goods (17 per cent of all supplying 

effects induced by exports of the other states concern this 

state - see table 3 ,  column 31, for machinery and vehicles, 

(12 per cent) and for timber, paper and textiles (12 per cent). 

But as the export induced demand of intermediate basic goods and 

raw materials is generally greater the result is that Baden- 

Wiirttemberg has only 7 per cent of all German supplying effects 

induced by exports from the other federal states (see table 

3, column 3). Consequently Baden-Wiirttemberg is as a supplier 

to other federal states not so important as conversely. 

5. Summary 

This paper points to some problems of regional input-output 

analyses that are important for comparison with corresponding 

national analyses. As shown in the example of indirect export 

dependence, the open static Leontief model gives results of 

supplying effects for a region that do not include all relevant 

effects for this region. Especially in comparing the corresponding 

results of the nation as a whole, it is necessary to take into 

consideration the economies of other regions of this nation too. 

Thus the following two effects should be computed for comparison 

purposes: Firstly, the supplying effects induced by exports from 

other regions and effective in the relevant region, and secondly, 

the supplying effects induced by the exports from this region 

and effective in the other regions of the nation. The computation 

of these effects is possible with the use of the open static 

Leontief model on the basis of coordinated input-output tables 

for the nation and at least one of its regions. In the case of 

Baden-Wiirttemberg and the other states of the FRG the values 

of these supplying effects are enormous and cannot be neglected. 

Moreover the results of the analyses give an interesting 

impression of the interregional streams in the FRG and 

indicate the characteristics of the division of labour in its 

national economy. 



Glossary of t e n s  

b 

l o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I1 

12 

13 

14 

Production sector 

Agriculture Agriculture, forestry, f ishing and g a r b i n g  

Energy, mining Elect r ic i ty ,  gas and wter ,  coal mining, 
i ron  ore mining, potash and rock sa l t  mining, 
d n e r a l  o i l  extraction, mining n.8.s. 

Chedcals, building mat. Building materials, chemicals, mineral o i l  
refining, r u b b r  and asbstos manufactures, 
f ine ceradcs, glass, p last ics manufactures 

Iron, s t w l ,  m t a l s  I r a  and s t w l ,  i ron and s t w l  foundries, 
s t w l  drawing and cold r o l l i n g  mills, 
nonferrous mtals, s t w l  forging 

Machinery, vehicles Constructional s t w l ,  machinery, vehicles, 
aerospace, shipbuilding 

Elect r ica l  emginwring Elect r ica l  enginwring, precision enginwring 
and optics, hardware and eetal goods, nusical 
instrumants, toys, j o w l r y  und sport ar t ic les 

Timber, paper, tex t i l es  Sau d l l s  m d  uood processing, c e l l u l o ~  and 
paper, timber manufactures, paper and board 
manufactures, pr in t ing and duplicating, 
leather, text i les, clothing 

Fwd, bverages Grain d l l i n g ,  edible o i l s  and margarine, 
sugar, breuing and malting, tobacco manufactures, 
other food and beverages 

Construction Construction 

Trade and c o m r c e  Holesaling, re ta i l i ng  

Transportation Railmy, shipping, mteruays and harbours, 
other transport, comunications (Bundospost) 

Other services Banks and insurance, rented M l l i n g s ,  
services n.e.s. 

Private organizations Private households, private n m r o f i t  
organizations 

Public sector Public sector (incl. social insumce) 
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AN INFORUM-TYPE INPUT-OUTPUT MODEL FOR THE 
POLISH ECONOMY: PRELIMINARY EMPIRICAL RESULTS 

Andrzej Tomaszewicz, Lucja Tomaszewicz, and Wladyslaw Welfe 
Institute of Econometrics and Statistics, University o f  Lodz, Lodz, Poland 

1 .  Disaggregation l eve l  of the model, s t a t i s t i c a l  da ta  

The input-output model i n  i t s  present  vers ion comprises 31 

branches o f  mater ia l  production sector1/ .  In  f i n a l  demand - 
a p a r t  from branch d iv i s ion  - t he  fol lowing ca tegor ies  were d is -  

t ingu ished:  personal consumption expenditures a r e  examined i n  

2 0  groupes, investments a r e  divided i n t o  th ree  k inds - machi- 

nery,  bui ld ings and const ruc t ions,  and others.  The acceptance 

o f  such disaggregat ion l eve l  of t he  model w a s  condit ioned by 

many fac to rs .  However, i t i s  not t h e  f i n a l  version. The possi- 

b i l i t i e s  of fu r the r  d isaggregat ion of the  model a r e  discussed 

below. 

Input-output matr ix coe f f i c ien ts  /A matrix/ and a l s o  

b r idge  /conversion/ matr ices r e fe r r i ng  t o  the  branch s t r uc tu re  

o f  consumption and investments were taken i n  t e s t i n g  

I /  Mater ia l  services. a r e  a l so  included i n  indust ry  input .  The 
sec to r  o f  non-material serv ices was not consicked. The 
appearance of the  1977 balance i n  SNA vers ion t h i s  year w i l l  
enable us  t o  inc lude non-material serv ices i n  t he  model. 



calculations from the  input-output t a b l e  for  1977. Two f a c t o r s  

determined the  choice of t h i s  tab le :  1/  it w a s  t he  l a t e s t  of 

t h e  constructed tab les ,  and 2/ t h e  elements of f i n a l  demand and 

o t h e r  values t o  be generated i n  t he  model a r e  so far ava i lab le  

i n  s t a t i s t i c a l  publ icat ions i n  1977 pr ices.  

Information contained i n  t he  remaining t a b l e s  does not  

seem t o  be of any considerable use  i n  const ruc t ing input-output 

ahd conversion coe f f i c ien ts .  These t ab l es  a r e  s e t  year l y  from 

1966 t o  1975. The 1977 balance mentioned above i s  t he  succee- 

d i n g  one. They a r e  all presented according t o  t h e  pr ices used 

and t he  treatment of imports i n  t h ree  var iants :  i n  f i n a l  rec i -  

p i e n t  pr ices,  i n  producer p r i ces  wi th imported goods d is t in -  

guished o r  not d ist inguished.  The main disadvantage i s  t h a t  

balances a r e  constructed i n  cur rent  p r i ces  of t he  given year 

on ly ;  besiaes,  a l f f e r e n t  l e ve l  o f  branch c l a s s i f i c a t i o n  causes 

t h a t  branch disaggregat ion l e v e l  - common f o r  a l l  years - 
i nc ludes  only 15 branches of mater ia l  production sec to r .  More- 

over ,  comparabi l i ty i s  made d i f f i c u l t  by a considerable change 

o f  branch c l a s s i f i c a t i o n  on t he  t u rn  of t he  s i x t i e s .  The publi- 

sh ing  o f  t he  1980 t a b l e  / the 1982 Year-Book/ does not  he lp  

much. Though i t  i s  t h e  most recent  t a b l e  the  s t r u c t u r a l  re la -  

t i onsh ips  of t h e  nat iona l  economy a r e  r a the r  t yp i ca l  f o r  the  

sevent ies .  Economic c r i s i s  r e s u l t i n g  i n  forced s t r uc tu ra l  

changes /and technological  ones t o  a ce r t a i n  degree/ occurred 

l a t e r .  General change of pr ice  l e v e l s  should a l so  be taken i n t o  

account - it w a s  introduced t h i s  year. While point ing a t  a l l  

t h e s e  f a c t s  we want t o  emphasize t h a t  fo recas t ing  input-output 

c o e f f i c i e n t s  change i s  extremely d i f f i c u l t  i n  t h i s  s i tua t ion .  

A l l  mechanical methods / fo recast ing based on coe f f i c ien t  



changes f i n c t i o n s  and o ther  adjustment methods/ may appear de- 

c e p t i v e  i n  r e l a t i o n  t o  b ig  q u a l i t a t i v e  changes i n  s t r u c t u r a l  

r e l a t i o n s h i p s  between branches. 

Elements of  f i n a l  demand toge the r  with o the r  endogenous 

v a r i a b l e s  en te r ing  the  econometric submodel and a l s o  exogenous 

v a r i a b l e s  included i n  it a r e  shown in t h e  1977 p r i ces  which en- 

s u r e s  t h e i r  conformabi l i ty  w i th  t h e  d a t a  included i n  t h e  1977 

balance. A t  present  i t  i s  impossible t o  take i n t o  account t h e  

genera l  change of p r i ce  l e v e l s  introduced t h i s  year and t h a t  

causes c e r t a i n  conventionalitYof debates regarding f i n a l  r e c i -  

p i e n t s '  demand and a l s o  br ings t h e  necess i t y  of  reest imat ion  of 

r e s p e c t i v e  equations. However, general  t rends  of  f i n a l  r e c i -  

p i e n t s '  demand and i t s  l i m i t a t i o n s  w i l l  be shown. The huge 

t o t a l  i nc rease  of  domestic p r i ces  d id  not  change deeply t h e  re-  

l a t i v e  p r i c e s  of both f o o d s t a f f s  and manufactured goods. Time 

s e r i e s  f o r  parameters es t imat ion  i n  t h e  econometric p a r t  of t h e  

model cover t h e  period from 1960 t o  1980. 

2 .  Test ing computations based on the  input-output model 

,The input-output model w i th  31 branches and 24 f i n a l  demand 

c a t e g o r i e s  and respect ive  matr ices f ixed f o r  1977 w a s  used t o  

t e s t  t h e  accuracy of computations of t o t a l  output/and ma- 

t e r i a l  costs. / f o r  t h e  years  1978, 1979 and 1980 t h a t  were per- 

formed us ing t h e  SLIMFORP program. 

The aim of  these ca lcu la t i ons ,  a p a r t  from us ing t h e  

5LIMFOFtP orogram i n  the  Po l ish  model w a s  t o  def ine  the  

degree of in f luence of accept ing t h e  assumption of c o e f f i c i e n t s  

s t a b i l i t y  on t h e  obtained r e s u l t s  regarding production fore- 

c a s t s  by comparing them t o  t h e  respec t i ve  a c t u a l  values.  

Such comparison was possib le f i rst of a l l  f o r  the  years  



T978 and 1979 f o r  which t h e  ac tua l  va lues  of v a r i a b l e s  r e f e r r i n g  

t o  f i n a l  demand were taken . The da ta  r e f e r r i n g  t o  e x p r t s  and 

impor ts  i n  fAxed domestic p r i c e s  were take except iona l ly  from 

t h e  d a t a  bank compiled i n  t h e  I n s t i t u t e  of  Econometrics and 

S t a t i s t i c s  of  Z6di Un ivers i ty  espec ia l l y  f o r  econometric models 

3/ o f  Po l i sh  economy constructed t h e r e  . 
While performing computations we d id  no t  ye t  have o f f i c i a l  

s t a t i s t i c a l  pub l ica t ions  f o r  1980 t h e r e f o r e  t h e  values. r e f e r r i n g  

4/ 
t o  f i n a l  demand f o r  t h i s  year a r e  prel iminary . 

The r e s u l t s  r e l a t i n g  t o  n e t  ma te r ia l  product appeared t o  

b e  overest imated a s  compared t o  the  observed values.  ;Jet ma- 

t e r i a l  product, f o r  example, increased by 3% i n  1978 whi le the  

f o r e c a s t s  based on t h e  model gave a r e s u l t  of  6.6%. Simi la r l y  

i n  1979 - 3% i n  r e l a t i o n  t o  0.5% based on t h e  model. 

For t o t a l  output t h e  fol lowing r e l a t i o n s  were observed: 

a c t u a l  r a t e s  of  growth i n  1978 and 1979 were respec t i ve l y  4.7% 

and 2.7% while those based on t h e  model - 7.8% and 0%. 

The comparison of  growth r a t e  of  t o t a l  output f o r  some 

branches and groupes of  branches i n  1979 i s  shown below: 

r a t e  of  growth i n  % f o r :  Forecast  Actual value 

f u e l  and power engineering 
c ompl ex 1.8 -3.7 

e l s c t r i c  and machinery 
i ndust ry  

/ exports and imports i n  constant  domestic p r i ces  werec- 
ding t o  r e a l i s e d  exchange r a t e  fo r  1977. Branch s t r u c t u r e  of 
aggregates was based on domestic p r i ces ,  i t  was obtained by 
r e f e r r i n g  the  s t r u c t u r e  i n  domestic p r i ces  of 1977 t o  t h e  
s t r u c t u r e  i n  exchange z lo ty  i n  1978 and 1979 

4 /  a p a r t  from the 1981 Year-Book t h a t  inc ludes d a t a  f o r  1980 
/ w b l i s h e d  i n  A p r i l  t h i s  year/ t h e  1982 Year-Book has been 
published now and i t  inc ludes d a t a  f o r  1981 
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t r a n s p o r t  and communication 7.7 10.7 

Taking i n t o  cons idera t ion  those  f o r e c a s t i n g  e r r o r s  t h a t  a r e  

due t o  i n a m r a t e  es t imates  o f  expo r t s  and imports  it should be 

noted t h a t  t h e  divergence between f o r e c a s t s  and observed v a l u e s  

r e s u l t s  from accep t i ng  cons tant  A matrix and convers ion c o e f f i -  

c i e n t s .  I n  1979 t h e  r a t e  of growth of t o t a l  ou tpu t  determined on 

t h e  b a s i s  o f  t h e  model is lower f o r  t h e  whole economy r a t h e r  

t h a n  observed. A s  regards  n e t  ma te r i a l  product t h e  oppos i te  

occurs .  Consider ing t h i s  r e s u l t  i t  may be c la imed,  t h a t  t h e  u s e  

o f  m a t e r i a l s  per  u n i t  o f  ou tpu t  inc reased which might be due t o  

t h e  forced s u b s t i t u t i o n  of imported and domestic raw-materials 

and  semif in ished products as w e l l  as s p r e  p a r t s  being i n  s h o r t  

supply.  P a r t i c u l a r l y  b ig  d ivergenc ies  between f o r e c a s t s  and re -  

a l i t y  r e f e r  t o  tatal output  i n  i ndus t r i cq lhey  conf irm t h e  

assumption of g r e a t  i nc rease  o f  t h e  usage of m a t e r i a l s  i n  in -  

d u s t r i e s .  

The conclus ion obtained from t h e  conducted experiment i s  

e x p l i c i t .  We f a c e  the  problem of  in t roduc ing  necessary  changes 

o f  c o e f f i c i e n t s  i n  t h e  input-output  model. 

3 .  Some remarks on input-output c o e f f i c i e n t s  f o r e c a s t i n g  

In  our  s t u d i e s  on inc lud ing  changes o f  input-output  coe f f i -  

c i e n t s  t h a t  were conducted w i t h i n  t h e  W-2 model of  t h e  Po l i sh  

economy[l]various methods were used. The range o f  s t u d i e s  i n  re -  

l a t i o n  t o  some methods w a s  descr ibed i n [ 2  3 . 
Let  u s  quote t h e  methods t h a t  have been used so f a r :  



T .  I n d i r e c t  method based on c o r r e c t i n g  f o r e c a s t s  o f  economic.va- 

l u e s  obta ined w i th  t h e  use  o f  t h e  input-output  model w i t h  

c o n s t a n t  coe f f i c i en ts .  This  c o r r e c t i o n  cons i s ted  i n  adding 

c e r t a i n  r e s i d u a l s  t o  t h e  equat ion  which generated t h i s  va lue.  

This  r e s i d u a l  shows t h e  d i f f e r e n c e  between t h e  observed va lue  

and t h e  fo recas t  o f  t h i s  va lue  / s o  c a l l e d  r e s i d u a l  method/. 

2 .  Bipropor t iona l  methods o f  RAS t ype  and i t s  modi f i ca t ions  con- 

sist mainly i n  i n t roduc ing  t r e n d s  o f  some c o e f f i c i e n t s  i n  

f i x e d  elements i n  base matr ix.  

7 .  Methods o f  r e g r e s s i o n  a n a l y s i s  c o n s i s t i n g  i n  es t ima t i on  o f  

parameter v e c b s  p i  and Ti of  balance equat ions  

/Eit - t h e  d i f f e rence  between t o t a l  i npu t  and f i n a l  ou tpu t ,  

Qt - t o t a l  ou tpu t ,  

Ti t  - random term supposed as a whi te  no i se  f o r  t h e  g iven  i, 

i - i n d u s t r y  index, 

t - year  index; 

t h e  vec to r  qit = (ji + t x i  i s  t h e  i - t h  row o f  A matrix - - 
i n  t h e  year  t /. 

A s  can be seen, whi le  us ing  t h i s  method one need no t  know 

a n y  matrix o f  input-output  f lows,  t h e  knowledge o f  t o t a l  and 

f i n a l  ou tpu t  v e c t o r s  i s  s u f f i c i e n t .  Formal ly t h e  problem o f  de- 

f i n i n g  f o r e c a s t s  w a s  t o  determine ?he minimum quadra t i c  form 

unde r  cond i t i ons  o f  l i n e a r  i n e q u a l i t i e s  i n  o rde r  t o  guaran tee  

non-negativity o f  a and productivity of  A matrix. I n  o rder  t o  
1 j 

e s t i m a t e  mean square e r r o r s  o f  es t ima tes  t h e  Monte Car lo  exper i -  

ment . w a s  used. It t a k e s  i n t o  account t h e  f a c t  t h a t  t h e  s e t  o f  

c o n s t r a i n s  which appeared t o  be "ac t i v$  i n  our sample they  were 

s a t i s f i e d  as e q u a l i t i e s / i s  random. 



I n  our experiments of  comparing f o r e c a s t s  - mainly of  n e t  

output  - obtained wi th the  use of var ious methods of  adjustments 

procedures int roducing changes of c o e f f i c i e n t s ,  the  input-output 

t a b l e s  fo r  1971- 75 were used. The t h i r d  method has not  been tes-  

t e d  empi r ica l ly  yet .  The most general  conclusions t h a t  can be 

drawn from the  conducted experiments a r e  a s  fol lows: more s a ~ i s -  

f y l n g  n e t  o u ~ p u s  fo recas ts  were obtalned by correcTlng r a ~ h e r  

1mmedlar;ely t h e  coef f ic ients5 '  than by correcting t h e  fo recas ts  

obtained wi th constant  c o e f f i c i e n t s  wi th the  use o f  the  r e s i d u a l  

method. 

Forecast ing coe f f i c ien ts  w i th  the  use of  b ipropor t iona l  me- 

thods o r  o ther  balanced techniques using the  matr ix  of  the  given 
a 

year  as ibase  matr ix means co r rec t ing  base c o e f f i c i e n t s  by mini- 

m iz ing  the d i f fe rence between the  elements of  base matrix and 

t h e  fo recas t  matrix. I n  t h i s  s i t u a t i o n  b i g  changes of  coe f f i -  

c i e n t s  i n  the  forecast  period may not  be shown co r rec t l y .  There- 

f o r e ,  var ious modifications of co r rec t ing  techniques a r e  used; 

t h e y  cons is t  i n  f i x i n g  va lues of  some c o e f f i c i e n t s  before t h e  

c o r r e c t i n g  procedure i s  appl ied. Most f requent ly ,  they a r e  the 

s o  c a l l e d  important / sens i t i ve /  coe f f i c ien ts .  There a r e  many 

methods of  def in ing important coe f f i c ien ts .  In  our s t u d i e s  these 

c o e f f i c i e n t s  a r e  d is t ingu ished f i r s t  of a l l  because of t h e i r  in-  

f l uence  on the  value of n e t  output o r  t o t a l  output / f o r  example 

how many percent an input  c o e f f i c i e n t  may change such t h a t  the  
o f  

output  ady s e c t o r  does not  change more than one percent /  we a l so  

t r y  t o  range the importance according t o  var ious c r i t e r i a .  

5 /  We have i n  mind the c o e f f i c i e n t s  of  conversion type l i nk ing  
n e t  output  wi th the  ca tegor ies  of f i n a l  demand. h i s  con- 
vers ion matr ix i s  obtaineq by mul t ip ly ing severa l  matr ices, 
among o the rs  / I -A/-  



Thus the main problem i s  in f a c t  the  accurate forecast ing 

o f  some coe f f i c ien ts  only. Our experiments wi th t rend funct ions 

made f o r  the sevent ies ,  when there  were not b ig  changes in 

s t r u c t u r a l  re la t ionsh ips ,  a p ~ e a r e d  t o  be unsat is fac tory ,  chief- 

l y  because of too shor t  time s e r i e s  of da ta  concerning coef f i -  

c i en t s .  For t h i s  reason we d id  not  t r y  t o  construct  the  equa- 

t i o n s  explaining t he  coef f ic ients*  changes where su i tab le  ex- 

p lanatory  va r iab les  a re  introduced. I n  fac t ,  the  insuf f ic iency 

o f  s t a t i s t i c a l  base was the st imulus t o  develop t h e  method pre- 

sented above a s  t he  t h i r d  method. This method seems t o  be of 

much use when t he  coe f f i c ien ts  a r e  expected t o  be subject  t o  

regu la r  changes i n  time. 

I n  our present s i tua t ion ,  considering important coef f i -  

c i e n t s  only may solve t he  problem. Limiting our s tud ies  t o  some 
1 

coe f f i c i en t s  only w i l l  enable us t o  make deep ana lys is  of eco-. 
I 

nomic and technological causes of  t h e i r  changes. 

4 .  F ina l  demand categor ies  equations 

The IFFORUM-type model i s  a t yp ica l  example of the  demand 

determined model. In  these models the  system of  input-output 

equat ions t ha t  generates p-oduction requirements is  most i m -  

por tan t  as ~ r o d u c t i o n  capac i t i es  a re  assumed t o  be unlimited 

and thus t he  rea l i za t i on  of f i n a l  and intermediate demand se- 

cured. I n  supply determlned models production funct ions a r e  of 

main importance / they generate t h e  ce i l i ngs  of  production 

l e v e l s  t ha t  can be obtained given input-output const ra ins / ,  

t hen  a l loca t ion  equations 01 t h i s  production among production 

r e c i p i e n t s  and f i n a l  rec ip ients .  These are obviously extreme 

approaches which show extreme economic s i tua t ions .  Production 



Produc t ion  c a m c i t i e s  o f  some branches a n d - s e c t o r s  can be pra- 
can 

c t i c a l l y  accepted as un l im i ted  wh i le  t hose  of o t h e r s  c6t ,gener  

r a t i n g  bot t le-necks o f t e n  causing f i r t h e r  u n d e r - u t i l i z a t i o n  o f  

c a p a c i t i e s  o f  t h e  f i r s t  ones /provided t h e y  a r e  complementary 

i n p u t / .  

Such s i t u a t i o n  i s  t y p i c a l  f o r  t h e  Po l lbh  c r i s i s .  Thus from 

t h i s  po in t  o f  view i t seems t h a t  t h e  formal d e s c r i p t i o n  o f  f i n -  

c t i o n i n g  of t h e  P o l i s h  economy does no t  have t o  be based on ty-  

p i c a l  supply  determined models, no t  ment ioning c o g n i t i v e  and 

i n fo rma t i ona l  advantages o f  t he  model t h a t  would gene ra te  pro- 

d u c t i o n  requi rements.  

Considering t h e  above remarks t h e  INFORUM-type model f o r  

t h e  P o l i s h  economy may be e labora ted  i n  a t  l e a s t  t h r e e  va r i an ts .  

" a r i a n t  1 - of  t y p i c a l  t ype ,  i . e .  gene ra t i ng  requi rements f o r  

product ion by i n d u s t r i e s  only. Accurate f o r e c a s t s  

based on t h i s  model should r e f e r  t o  t h e  p a s t  being 

h i s t o r i c a l ,  coun te r fac tua l  ones. 

Va r i an t  2 - keeping o f  t h e  demand determined s t r u c t u r e  o f  t h e  

Va r ian t  3 - 

input-output  model by gene ra t i ng  f i n a l  r e c i p i e n t s  

demand by means o f  such equat ions  t h a t  inc lude ex- 

p l i c i t e l y  c a p a c i t y  u t i l i z a t i o n  cons t ra ins .  I n  f a c t  

t h i s  model would genera te  t he  f e a s i b l e  l e v e l s  o f  

product ion. 

b a s i c a l l y  corresponding t o  Var iant  1 but  c r e a t i n g  

p o s s i b i l i t i e s  o f  pass ing  from requ i rements  t o  

f a c t u a l  r e a l i z a t i o n  on the  b a s i s  of a n a l y s i s  and 

modeling r e l a t i o n s  between requi rements and fac-  

t u a l  r e a l i z a t i o n  /e.g. analogous t o  r e s i d u a l  

models/. 



Our  s t u d i e s  a r e  concentrated r a t h e r  on V a r i a n t  2. Variant 

3 ,  however, seems t o  be i n t e res t i ng ,  too,  because i t  gives some 

informat ion about the  requirements f o r  production by indus t r ies .  

S tud ies  of f i n a l  demand anduther economic categor ies  submodels 

used i n  V a r i a n t  2 a r e  based on those t o  be found i n  t he  macro- 
x/ 

-econometric model of Po l ish  economy, the  so ca l led  W-5 Model. 

The equations of t h i s  model a re  extended and pa r t l y  adjusted i n  

o rde r  t o  include t he  block concerning f i n a l  demand and some of 

i t s  determinants i n t o  the  INFORUM-type Model f o r  Poland us ing 

more de ta i l ed  s t r uc tu re  both by branches and types of f i n a l  

demand categor ies.  

The equations expla in ing consumers' expenditures C a r e  

l i n e a r  approximations of consumers' demand funct ions. The typi -  

c a l  spec i f i ca t ion  inc ludes r e a l  personal income, r e l a t i v e  pr ices 

and lagged expenditures / to  observe i n e r t i a /  a s  explanatory va- 

r i a b l e s .  The equation explaining demand f o r  durables takes i n t o  

account a l so  savings / t h e i r  increase being competitive/ 20 

a l low f o r  excess demand e i t he r  dummies o r  spec ia l  d i sequ i l i b r i a  

i n d i c a t o r s  were used. We thus have 

CB = f / ~ ,  PCB/PC , CB,,, , USB /, 

where C - consumers'real expenditures, Y - r e a l  personal income 

PC - de f l a t o r  of consumers' expenditures, UC - dummy var iab le ,  

t h e  symbol B - stands f o r  B-group of expenditures. 

The equations expla in ing investment out lays a r e  composed 

o f  a system which starts with i n i t i a l s  est imates of requirements 

generated by d i f f e r e n t  i ndus t r ies  JD. They a re  then adjusted a t  

t h e  macro-level according t o  the  po l icy  assumptions on the 

d i s t r i b u t i ~ n  of na t iona l  income in to  consumption and accumula- 

t i o n  /and net  investment/. A t  the  end they a r e  a l l oca ted  among 

x/ W. Welfe i s  the author of t h i s  model 



i n d u s t r i e s  and commodity groups 61 T.he t y p i c a l  equation 

exp la in ing the  requirements f o r  investment out lays  r e f l e c t s  

t h e  assumption t h a t  the  new investment p ro jec ts  depend on t h e  

expected increase of  production c a p a c i t i e s  / t h i s  being genera- 

t e d  by an autoreggressive process/ and the  modernization pro- 

c e s s  replacements e tc .  depend on t h e  des i red l e v e l  of f i xed 

a s s e t s  being t h e  funct ion  of planned output.  NO users '  c a p i t a l  

c o s t  has been included so f a r  because o f  t h e  neu t ra l  r o l e  of 

p r i ces .  Thus we have 

JRD = h/  n, ICK-l , JKD-1, UJICD/, 

where JD - investment out lays ,  X - n e t  output ,  K - f ixed 

a s s e t s ,  U J  - dummy, and K s tands  f o r  branch of  indust ry ;  

the  v a r i a b l e s  a r e  i n  constant  p r i c e s  

Hence JD = ~ J K D .  

Having g loba l l y  ad jus ted t o t a l  investment out lays  J t h e  a l loca-  

t i o n  among branches fo l lows according t o  a simple scheme: 

JIC = a. + a l J  + a2 U J K  + u 

where u - disturbance term. The a l l o c a t i o n  parameters may be 

modif ied too,  observing some consistency ru les .  

The changes of  i nven to r ies  a r e  explained tak ing 

i n t o  account t h e i r  both funct ions  - they  a r e  proport ional  t o  

t h e  change i n  t h e  a c t i v i t y  l e v e l s  and take i n t o  account t h e  

d i s e q u i l i b r i a  i n  t h e  markets f o r  consumers' and producers' 

goods. 

A sygtem of  p r i c e  equations was developed . The producers' 

p r i c e s  a r e  main.category i n  t h i s  system. They depend on the  

61' Model W-5 generates  a l s o  t h e  supply of investment goods both 
domestic and imported. It assumes t h a t  the  r e s t r i c t i o n s  on 
t h e  supoly s i d e  determine the  a c t u a l  investment wi th regard 
t o  bu i ld ings and const ruc t ions  whereas t h e  constra ins.  on t h e  
demand s ide- the ac tua l  l e v e l  of  investment wi th regard t o  
machinery equipment. 



f ab r i ca t i on  costs ,  including p r i ces  of domestic and imported 

raw-materials and fue l  / technical  coe f f i c ien ts  being kept con- 

s t a n t /  and labour costs.  They a lso  r e f l e c t  t he  f i nanc ia l  as well 

a s  market pressures / the cen t ra l l y  administered pr ice changes 

a r e  introduced using dummies/. 

The wages a re  par t l y  explained by product iv i ty  of labour,  

p a r t l y  by in f la t ionary  pressures. The administered wage in- 

c reases  /reforms/ a re  a lso  taken i n to  account - using dummies. 

Given exogenously employment we a r r i ve  at wage b i l l  and nomi- 

n a l  personal income. This l a s t  category together wi th r e t a i l  

p r i ces  generated from the p r i ce  system are  used t o  determine 

the  consumers * demand. 

5 .  Trends of  f u r t he r  development of  the  model 

The development of the model w i l l  a i m  at  disaggregation of 

f i n a l  demand elements and improving of modeling them. f i r t he r  

branch disaggregation, though possible,  does not seem t o  be of 

much use. The accepted disaggregation by branches corresponds 

t o  the ~Hv fdan  used i n  s t a t i s t i c a l  surveys and it enables 

us  both immediate use of s t a t i s t i c a l  data and making possib le 

comparisons of fo recas ts  obtained from the model wi th ac tua l  

va lues  and a l so  with the  r e s u l t s  of computations based on other 

models. 

A s  f a r  as f i n a l  demand i s  concerned the number of catego- 

r i e s  of personal consumption expenditures w i l l  be kept a t  the 

same leve l .  However, more de ta i led  presentat ion of government 

expenditures/ i n  7 groups+ is  possible,  government expenditures 

being t he  exogenous var iab le  i n  t he  model yet. There i s  a l so  a 

p o s s i b i l i t y  of present ing investments requirements not only by 

types and branches separate ly  but a lso  i n  a type-branch 



c l a s s i f i c a t i o n .  Stocks a r e  a l s o  folgseen t o  be d iv ided i n t o  5 

groups  by types.  

A s  rega rds  expor ts  and imports ,  6 groups o f  goods a r e  d i s -  

t i n g u i s h e d  accord ing t o  SITC c l a s s i f i c a t i o n .  The CMEA c l a s s i f i -  

c a t i o n  syptem uses  d i f f e r e n t  c l a s s i f i c a t i o n  /a l so  6 groups/. A s  

t h e  r u l e s  o f  t h e  fo re ign  t r a d e  w i t h i n  and o u t s i d e  t h e  CMEA 

c o u n t r i e s  a r e  q u i t e  s p e c i u ,  f unc t i ons  o f  expor ts  and imports  

f o r  t h i s  group o f  c o u n t r i e s  a r e  spec i f i ed  sepa ra te l y .  Thus i n  

o r d e r  t o  ensure t h e  comparab i l i t y  o f  v a l u e s  r e f e r r i n g  t o  f o re ign  

t r a d e  occu r r i ng  i n  t h e  Po l i sh  Model w i t h  o t h e r  models of IXFORUM 

- t ype ,  a t  l e a s t  two br idge ma t r i ces  w i l l  have t o  be determined. 

The f i rst w i l l  t rans form t h e  CMEA c l a s s i f i c a t i o n s  i n t o  t h e  SITC 

c l a s s i f i c a t i o n  accord ing  t o  t h e  P o l i s h  surveys,  and t h e  o t h e r  

from branch d i v i d o n  i n t o  t h e  SITC c l a s s i f i c a t i o n  bu t  f o r  119 

goods us ing  t h e  aggregated in fo rmat ion  d iv ided i n t o  6 groups 

f irst. 

Fur ther  i n t e g r a t i o n  w i th  t h e  W-5 econometr ic model is  fore-  

seen.  It w i l l  c o n s i s t ,  among o t h e r s ,  i n  i nc lud ing  b locks  con- 

c e r n i n g  f i n a n c i a l  p rocesses  from t h e  model, and, on t h e  o t h e r  

hand,  i n  inc lud ing  t h e  input-output block i n  t h e  W-5 model. 

1 .  Welfe W., Tomaszewicz E .  /1979/, Econometric Macromodels 

Inc lud ing  the  Input-Output Analys is .  Problems and P r a c t i c a l  
So lu t i ons  i n  tke. W-2 Model o f  t h e  P o l i s h  Economy. Paper*pre-  

sen ted  at  t h e  2nd I n t e r n a t i o n a l  Conference on Dynamics and 

Contro l  o f  Va t iona l  Economies, Vienna 1977. In :  Models and 

Decis ion Making i n  Nat ional Economies. North Hol land, A m s t e r -  
dam, 

2 .  Welfe W., Tomaszewicz E.  Input-Output Models i n  t h e  System o f  

Macroeconometric Models of t h e  P o l i s h  Economy. Task Force 
Meeting " I npu t -Ou tp t  Modeling, October 21 - '  24, Laxenburg 
1980. 
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1. G e n e r a l  c h a r a c t e r i s t i c s  

The F i n n i s h  l o n g - r a n g e  model  s y s t e m  (FMS) is d e v e l o p e d  f o r  studing 

g r o w t h  p o s s i b i l i t i e s  o f  t h e  F i n n i s h  economy. The model s y s t e m  

i s  composed o f  t h r e e  submode l s :  t h e  p r i c e  mode l ,  t h e  o u t p u t  

model  and t h e  income mode l .  The s y s t e m  i s  s o l v e d  i t e r a t i v e l y  f o r  

t h e  t e r m i n a l  y e a r  o f  t h e  g r o w t h  p e r i o d  exam ined .  The deve lopmen t  

be tween  t h e  i n i t i a l  and  t e r m i n a l  y e a r s  f o l l o w s  g e o m e t r i c a l  growth. 

The s y s t e m  h a s  a  s t e a d y  s t a t e  e q u i l i b r i u m  s o l u t i o n .  S p e c i a l  

e m p h a s i s  is g i v e n  t o  income d i s t r i b u t i o n  and t e c h n o l o g i c a l c h a n g e .  

The s y s t e m  is more s u i t a b l e  f o r  s i m u l a t i o n  t h a n  f o r e c a s t i n g  

p u r p o s e s .  

The p r i c e  model  i s  a n  e x t e n d e d  i n p u t - o u t p u t  p r i c e  mode l .  The 

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

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

I n p u t  c o e f f i c i e n t s  o f  i n t e r m e d i a t e  i n p u t s  a r e  c o n s t a n t .  F i n a l  

p r o f i t  r a t e s  o f  i n d u s t r i e s  a r e  s o l v e d  i n  t h e  model  s y s t e m ,  b u t  

wage r a t e s  a r e  g i v e n .  The r u l i n g  p r i c e  o f  a n  i n d u s t r y  is assumed 

t o  be  d e t e r m i n e d  a c c o r d i n g  t o  t h e  t e c h n o l o g y  o f  t h e  newes t  vintage. 

The o u t p u t  model  is a n  open  dynamic  i n p u t - o u t p u t  model .  O u t p u t s  

o f  30 i n d u s t r i e s  a r e  s o l v e d  by e q u a t i o n s  f o r  i n t e r m e d i a t e  and 

f i n a l  demand. 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 o n s t a n t .  F i n a l  

demand d e l i v e r i e s  f rom i n d u s t r i e s  a r e  s o l v e d  by demand e q u a t i o n s  

f o r  f i x e d  c a p i t a l  f o r m a t i o n ,  p r i v a t e  and gove rnmen t  consumpt ion  

e x p e n d i t u r e s  and  i m p o r t s .  E x p o r t s  a r e  e x o g e n e o u s l y  d e t e r m i n e d .  

The income model  h a s  two  p a r t s :  t h e  funct ional  i ncome d i s t r i b u t i o n  

a n d  t h e  i n s t i t u t i o n a l  i ncome d i s t r i b u t i o n .  The f u n c t i o n a l  income 

d i s t r i b u t i o n  c o n s i s t s  o f  t h e  i t e m s  o f  va l ue -added  o f  i n d u s t r i e s  - 
T h i s  p a p e r  is p a r t  o f  t h e  p r o j e c t  on The Long-Range Alternat ives 
f o r  t h e  Development  o f  t h e  F i n n i s h  Economy conduc ted  by p ro -  
f  e s s o r  Osmo F o r s s e l l  a t  t h e .  Depa r tmen t  o f  Economics ,  University 
o f  Ou lu .  F i n a n c i a l  s u p p o r t  f rom t h e  F i n n i s h  Academy and t h e  
Y r j o  Jahnsson  F o u n d a t i o n  i s  g r a t e f u l l y  acknow ledged .  



w a g e s  a n d  s a l a r i e s  a n d  o p e r a t i n g  s u r p l u s .  I n  t h e  i n s t i t u t i o n a l  

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

i n c o m e - o u t l a y  t a b l e s  o f  SNA. The  d i s p o s a b l e  i n c o m e s  o f  v a r i o u s  

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

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

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

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

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

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

w a s  t h e  l a t e s t  p u b l i s h e d  i n p u t - o u t p u t  t a b l e  o f  t h e  F i n n i s h  

economy .  I t  w a s  t h e n  1 9 7 0  a n d  h a d  65 i n d u s t r i e s .  S i n c e  i t  is  

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

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

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

f o r c e d  u s  f i n a l l y  t o  u s e  o n l y  30 i n d u s t r i e s .  The  n e w e s t  i n p u t -  

o u t p u t  t a b l e  a v a i l a b l e  is  now f o r  1 9 7 8 ,  w h i c h  i s  t h e  i n i t i a l  

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

The  b a s i c  l o g i c  o f  FMS is  d e s c r i b e d  i n  d i a g r a m  1 .  The  e q u i -  

l i b r i u m  s o l u t i o n  i s  f o u n d  i t e r a t i v e l y .  The demand o f  expo r t s  (El 

is  f i r s t  e v a l u a t e d  o u t s i d e  t h e  m o d e l  s y s t e m .  The  i t e r a t i o n  

star ts  by m a k i n g  a n  i n i t i a l  g u e s s  a b o u t  t h e  f i n a l  v a l u e s  o f  t h e  

m a i n  e n d o g e n e o u s  v a r i a b l e s :  r e l a t i v e  p r i c e s ,  d i s p o s a b l e  i n c o m e s  

o f  c o n s u m i n g  s e c t o r s ,  i n v e s t m e n t s  ( I )  a n d  i m p o r t  ( M )  s h a r e s .  

U s i n g  t h e s e  g u e s s e s  t h e  f i r s t  e s t i m a t e s  f o r  d i f f e r e n t  demand ca te -  

g o r i e s  are c a l c u l a t e d .  C r o s s  o u t p u t s  are t h e n  s o l v e d  u s i n g  a n  

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

r a t e s  o f  o u t p u t s  t h e r e  m u s t  b e  a f e e d b a c k  l o o p  b e t w e e n  d e m a n d ,  

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

p r o v e n  t o  b e  e n o u g h  i n  e v a l u a t i n g  i n v e s t m e n t  d e m a n d .  U s i n g  

g r o s s  o u t p u t  a n d  p r i c e  e s t i m a t e s  i n c o m e  i t e m s  a n d  s a v i n g s  ( S )  

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

t h e s e  new o n e s .  New i m p o r t  s h a r e s  a r e  a l s o  d e r i v e d .  

The  e q u i l i b r i u m  c o n d i t i o n  o f  t h e  m o d e l  i s  S  : I o r  M : E. 

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

d e t e r m i n e d  t h r o u g h  d i f f e r e n t  m e c h a n i s m s ,  t h e r e  is  n o t  a n y  

a  p r i o r i  r e a s o n  f o r  t hem t o  b e  e q u a l .  I n v e s t m e n t s  a r e  

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



n endogeneous b l ock  

exogeneous  b l ock  

< e q u i l i b r i u m  s t a t e  

--------- f eedback  l o o p  

change of  t h e  p r o f i t  r a t e s  

change o f  t h e  exchznge r a t e  

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

E x p o r t  a r e  e x o g e n e o u s  a n d  i m p o r t s  a r e  

d e t e r m i n e d  by d o m e s t i c  demand .  The  e q u i l i b r a t i n g  v a r i a b l e  i s  f i r s t  

c h o s e n .  Its v a l u e  is  c h a n g e d  a c c o r d i n g  t o  t h e  d i s e q u i l i b r i u m  

a n d  new p r i c e s  a r e  c a l c u l a t e d  f o r  t h e  n e x t  i t e r a t i o n .  I t e r a t i o n  

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

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

t h r e e  d i f f e r e n t  a n g l e s :  t h a t  o f  d o m e s t i c  p r o d u c t  m a r k e t ,  t h a t  o f  

f o r e i g n  b a l a n c e  a n d  t h a t  o f  i n c o m e  p o l i c y .  I n  t h e  f i r s t  c a s e  t h e  

e q u i l i b r a t i n g  v a r i a b l e  i s  t h e  g e n e r a l  l e v e l  o f  p r o f i t  r a t e s .  I f  

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



e x p o r t s  t h e  f i n a n c i a l  p o s s i b i l i t i e s  f o r  i n v e s t m e n t s  become weaker. 

C o n s e q u e n t l y ,  t h e  r e q u i r e d  p r o f i t a b i l i t y  o f  i n v e s t m e n t s  m u s t  

i n c r e a s e :  A p >  0 a n d  i n v e s t m e n t s  d e c l a i n .  When t h e  p r o f i t  r a t e s  

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

e c o n o m y .  T h e  g a p  b e t w e e n  I a n d  S i s  t h u s  r e d u c e d .  W i t h  a f i x e d  

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

c u r r e n t  a c c o u n t  o f  t h e  r e s t  o f  t h e  w o r l d .  

When t h e  e x c h a n g e  r a t e  i s  c h o s e n  as  a n  e q u i l i b r i u m  v a r i a b l e  p r o f i t  

ra tes  a n d  p o l i c y  p a r a m e t e r s  a r e  k e p t  c o n s t a n t .  E q u a l i t y  b e t w e e n  

e x p o r t s  a n d  i m p o r t s  is t h e n  s o u g h t  f o r .  I f  t h e r e  is  a d e f i c i t  i n  

t h e  c u r r e n t  a c c o u n t  t h e  F i n n i s h  c u r r e n c y  m u s t  b e  d e v a l u e t e d .  I n  

a  s u r p l u s  s i t u a t i o n  r e v a l u a t i o n  is t h e  p r o p e r  p o l i c y .  When t h e  

e q u a l i t y  b e t w e e n  M a n d  E  i s  r e a c h e d  t h i s  way t h e  i m p l i c a t i o n  i s  

now S Z I .  

When t h e  e q u i l i b r i u m  p r o c e s s  is  l o o k e d  f r o m  t h e  i n c o m e  p o l i c y  po in t  

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

t h a n  s a v i n g s  d o m e s t i c  demand h a s  t o  b e  r e d u c e d .  T h i s  c a n  b e  

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

f a v o u r  o f  t h o s e  s e c t o r s  w h o s e  s a v i n g s  r a t e s  a r e  g r e a t e r .  I f ,  

o n  t h e  o t h e r  h a n d ,  t h e r e  s e e m s  t o  b e  t o o  much s a v i n g  i n  t h e  

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

o f  d e m a n d .  ' )  

2 .  T h e  p r i c e  m o d e l  ( 2  

P r i c e  e q u a t i o n s  a re  c o n s t r u c t e d  o n  t h e  b a s i s  o f  c o l u m n  i d e n t i t i e s  

o f  t h e  i n p u t - o u t p u t  t a b l e .  T h e y  d e s c r i b e  f o r m u l a t i o n  o f  p r i c e s  

f r o m  a  p o i n t  o f  v i e w  o f  c o s t s .  T h e s e  e q u a t i o n s  a r e  as  f o l l o w s :  

1 )  The  b a s i c  l o g i c  h a s  b e e n  d e v e l o p e d  i n  Maenpaa ( 1 9 7 9 )  a n d  ( 1 9 8 2 )  

2 )  Maenpaa  ( 1 9 8 2 )  p .  5 . 1 3 - 5 . 1 8 .  



w h e r e  p  = a  c o l u m n  v e c t o r  o f  p r i c e  l e v e l s  o f  o u t p u t  i n  y e s r  t ,  

A = a  m a t r i x  ~ i '  ';ec:..?;c.,j , 2 , e i ' i ' i c i e n t s  

ih = a  d i a g o n a l  m a t r i x  o f  c o m p e t i t i v e  i m p o r t  s h a r e s i n  
i n d u s t r i e s  i n  y e a r  t ,  

M q  = a  d i a g o n a l  m a t r i x  o f  r a t e  o f  c o m p e t i t i v e  i m p o r t  
p r i c e  t o  p r i c e  l e v e l  o f  o u t p u t  o f  c o r r e s p o n d i n g  
d o m e s t i c  i n d u s t r y .  
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  o f  n o n - c o m p e t i t i v e  
i m p o r t s  ( r a w  o i l ,  n a t u r a l  g a s ,  c o a l )  

q N M =  21 v e c t o r  o f  r a t e s  o f  non-compet i t ive import  p r i c e s  t o  
average p r i c e  l e v e l  o f  p roduc t ion  p r i c e s  ( a t  f a c t o r  c o s t s )  

= a  d i a g o n a l  m a t r i x  o f  p r o f i t  r a t e s  o f  i n d u s t r i e s  

K = a m a t r i x  o f  c a p i t a l - o u t p u t  r a t i o s  o f  i n d u s t r i e s ,  

< I =  a  d i a g o n a l  m a t r i x  o f  i n d i r e c t  t a x r a t e s  o n  i n v e s t m e n t -  

g o o d s .  ,. 
t = a  d i a g o n a l  m a t r i x  o f  i n d i r e c t  t a x  r a t e s  p a i d  b y  

i n d u s t r i e s  p e r  u n i t  o f  o u t p u t ,  

= a  d i a g o n a l  m a t r i x  o f  w a g e  r a t e s  o f  i n d u s t r i e s  i n  
1 9 7 8 ,  w a g e  p e r  h o u r  i s  c o n s t a n t  i n  t h e  m o d e l ,  

h  = a v e c t o r  o f  l a b o u r  i n p u t  c o e f f i c i e n t s  o f  i n d u s t r i e s  
t t i n  y e a r  t :  h .  - ( l + a  . )  ( l + b . )  h .  , w h e r e  a .  i s  t h e  

J t  - J J J O  J 
t h e  r a t e  o f  i n v e s t m e n t  e m b o d i e d  t e c h n i c a l  p r o g r e s s  i n  . - 
t h e  s a m e  i n d u s t r y .  T h e s e  p a r a m e t e r s  w e r e  e s t i m a t e d  
w i t h  t h e  p a r a m e t e r s  c .  a n d  k .  f o r  v i n t a g e s  o f  e q u i p -  

J J  
m e n t s  i n  y e a r  1 9 5 9 - 1 9 7 7 .  

A *  = a n  i n d u s t r y  x  t y p e  o f  c a p i t a l  good  c o e f f i c i e n t  
m a t r i x  

x O  = a v e c t o r  o f  g r o s s  o u t p u t s  i n  b a s e  y e a r .  

P r i c e s  a r e  a s s u m e d  t o  b e  d e t e r m i n e d  by t h e  n e w e s t  v i n t a g e .  

L a b o u r - c o e f f i c i e n t s  are t h e n  t h o s e  o f  t h e  y e a r  t i n  t h e  m o d e l .  

P r i c e  l e v e l s  may b e  s o l v e d  when p r o f i t  r a t e s ,  wage  r a t e s  a n d  

p r o d u c t i o n  t e c h n o l o g y  ( A , h )  is known .  A t  f i r s t  p r o f i t  ra tes a r e  

a s s u m e d  t o  b e  t h e  same i n  t h e  i n d u s t r i e s  as  t h e y  w e r e  1971 -1977 .  

T h e i r  g e n e r a l  l e v e l  i s ,  h o w e v e r ,  c h a n g e d  i n  o r d e r  t o  f i n d  t h e  

e q u i l i b r i u m  s o l u t i o n  ( I  S S )  i n  t h e  m o d e l  s y s t e m .  



The  e c o n o m i c  l i f e  o f  e q u i p m e n t  i s  e n d o g e n o u s  i n  t h e  m o d e l  s y s t e m .  

I t  c h a n g e s  b e t w e e n  14 a n d  34 y e a r s  among  i n d u s t r i e s .  The  e c o n o m i c  

l i f e  o f  e q u i p m e n t  is d e t e r m i n e d  by t h e  e q u a l i t y  o f  money v a l u e  o f  

v a l u e  a d d e d  a n d  wage c o s t s .  E q u i p m e n t  w i l l  r e m a i n  i n  u s e  u n t i l  

i t  h a s  a p o s i t i v e  y i e l d .  When t h e  y i e l d  o f  e q u i p m e n t  o f  a c e r t a i n  

v i n t a g e  become n e g a t i v e  t h i s  e g u i p m e n t  w i l l  b e  s c r a p p e d .  I ts 

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

a b l e  i n  i n d u s t r y .  T h i s  w i l l  t h e n  d e t e r m i n e  t h e  a m o u n t  o f  r e i n -  

v e s t m e n t  demand o f  t h e  i n d u s t r y  ( D i a g r a m  2 ) . T h e r e  i s  a d i r e c t  

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

I n c r e a s i n g  o f  p r o f i t  r a t e s  makes  t h e  l i f e  l o n g e r  s i n c e  p r i c e s  

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

d e t e r m i n e d  by v i n t a g e  t y p e  p r o d u c t i o n  f u n c t i o n s .  

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

f u n c t i o n s  w i t h  e m b o d i e d  and d i s e m b o d i e d  t e c h n i c a l  c h a n g e .  ( 1  

The  p r o d u c t i o n  f u n c t i o n  h a s  t h r e e  d i f f e r e n t  t a s k s  i n  t h e  m o d e l  

s y s t e m .  L a b o u r - i n p u t  demand ,  i n v e s t m e n t  demand a n d  t h e  components 

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

f u n c t i o n .  The  b a s i c  a s s u m p t i o n s  a r e :  l a b o u r - i n p u t  c o e f f i c i e n t s  

d i m i n i s h  by - 1 0 0 a  p e r c e n t a g e  y e a r l y ,  t h e  c a p i t a l  c o e f f i c i e n t s  

c h a n g e  100c  p e r c e n t a g e  y e a r l y ,  a n d  d i s e m b d i e d  t e c h n i c a l  c h a n g e  
t is  a  t r e n d  p a r a m e t e r  ( 1  + b )  . The  wage  r a t e s  a r e  a s s u m e d  t o  

b e  e q u a l  i n  a l l  v i n t a g e s  i n  u s e  w i t h i n  a n  i n d u s t r y .  

D i a g r a m  2 .  P r o f i t s ,  p r i c e s  a n d  e c o n o m i c  l i f e  o f  c a p a c i t i e s  

- - -  - - - 

1 )  T h e  d e s c r i p t i o n  is  b a s e d  on  Maenpaa  ( 1 9 8 2 ) ,  p .  4 . 7 - 4 . 1 6 .  



* 
" L 

= c a p a a i t y i n s t a l l e d  i n  y e a r  t 

w = wage r a t e  
= l a b o u r - i n p u t  c o e f f i c i e n t  i n  y e a r  t - T  ; t - ~  = e c o n o m i c  l i f e  o f  c a p i t a l  

t, = p r o f i t  r a t e  a t  y e a r  t 
= v a l u e - a d d e d  p r i c e .  

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

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

f o r  e s t i m a t i o n  o f  t h e  p a r a m e t e r s .  

w h e r e  T  = e c o n o m i c  l i f e  o f  c a p i t a l  

0 = c a p i t a l - o u t p u t  r a t i o  i n  t h e  b a s e  y e a r  

0  = l a b o u r - i n p u t  c o e f f i c i e n t  i n  t h e  b a s e  y e a r  

I t  = t o t a l  l a b o u r  demand o f  t h e  i n d u s t r y  i n  y e a r  t 

i t - v  = i n v e s t m e n t  i n  y e a r  t - v  

a ,  b ,  c ,  h o ,  k o  = p a r a m e t e r s  t o  b e  e s t i m a t e d  

Xt = c a p a c i t y  o u t p u t  

The  f i n a l  r e s u l t s  o f  t h e  e s t i m a t e s  a r e  p r e s e n t e d  i n  A p p e n d i x  I .  

T h e s e  e s t i m a t e s  a r e  u s e d  when g r o s s  f i x e d  c a p i t a l  f o r m a t i o n  

a n d  l a b o u r  demand a r e  e v a l u a t e d .  

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



I ~ r l c e s  , ( ~ n c s ~ e -  

- -- - - - - j model 

A . t +  

I 
A 

model 

t e c h n i c a l  

wage l e v e l s  

/ Pro f i t  r a t e s  I f S  

Diagram 3 .  The p r i c e  model  

3 .  The o u t p u t  mode; 

The o u t p u t  e q u a t i o n s  a r e  c o n s t r u c t e d  on t h e  b a s i s  o f  row i d e n t -  

i t i e s  o f  t h e  i n p u t - o u t p u t  t a b l e .  They a r e  a s  f o l l o w s  

w h e r e  x  is  a  co lumn v e c t o r  o f  d o m e s t i c  o u t p u t  o f  i n d u s t r i e s ,  

A is  a 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 ;  i n p u t s  

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



x a r e  co lumn v e c t o r s  o f  p r o d u c t s  d e l i v e r e d  by 
I i n d u s t r i e s  f o r  g r o s s  f i x e d  c a p i t a l  f o r m a t i o n  ( x  1 ,  

consump t i on  expenditures of h o u s e h o l d s  ( x C )  , government 

X 
C N e x p e n d i t u r e s  ( x  ) ,  n o n - p r o f i t  i n s t i t u t i o n s  ( x  ) and 

X 
E e x p o r t s  ( x  1, 

x is  a  co lumn v e c t o r  o f  c o m p e t i t i v e  i m p o r t s  c l a s s i f i e d  

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

G r o s s  f i x e d  c a p i t a l  f o r m a t i o n  o f  i n d u s t r i e s  i s  decomposed i n t o  

f o u r  p r o d u c t  g r o u p s :  

1 .  R e s i d e n t i a l  b u i l d i n g s  

2 .  N o n - r e s i d e n t i a l  b u i l d i n g s  

3 .  O t h e r  c o n s t r u c t i o n s  

4 .  Mach ine r y ,  t r a n s p o r t  a n d  o t h e r  e q u i p m e n t  

I n v e s t m e n t s  on m a c h i n e r y ,  t r a n s p o r t  and  o t h e r  e q u i p m e n t  o f  

i n d u s t r y  j a r e  s o l v e d  a s  f o l l o w s r  

. E 
where  1 .  = i n v e s t m e n t s  on m a c h i n e r y ,  t r a n s p o r t  and J t 

o t h e r  e q u i p m e n t  
A X  

j 
= c h a n g e  o f  o u t p u t  i n  y e a r  t + l  a l o n g  t h e  

a v e r a g e  g r o w t h  p a t h  

x .  = t h e  o l d e s t  v i n t a g e  i n  o p e r a t i o n  i n  y e a r  
J , t - T j  

t and  r e i n v e s t e d  t h a t  y e a r  t o  a p p e a r  a s  

p r o d u c t i o n  c a p a c i t y  n e x t  y e a r .  
E k .  
J 0 

= c a p i t a l - o u t p u t  r a t i o  i n  b a s e  y e a r  

I n v e s t m e n t s  on n o n - r e s i d e n t i a l  b u i l d i n g s  ( iC) and o t h e r  c o n s t r u c -  

t i o n  ( i ° C )  a r e  e x p l a i n e d  a s  f o l l o w s  



w h e r e  kc. = c a p i t a l - o u t p u t  r a t i o  o n  n o n - r e s i d e n t i a l  
J 

b u i l d i n g s  

k°C = c a p i t a l - o u t p u t  r a t i o  o n  o t h e r  c o n s t r u c t i o n .  
J 

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

s t r u c t i o n  is  e x o g e n o u s l y  se t  t o  40 y e a r s .  C a p i t a l - o u t p u t  r a t i o s  

a r e  a s s u m e d  c o n s t a n t .  

R I n v e s t m e n t s  o n  r e s i d e n t i a l  b u i l d i n g s  ( i  a r e  d e r i v e d  analogously: 

w h e r e  k R  = c a p i t a l - o u t p u t  r a t i o  o n  r e s i d e n t i a l  

b u i l d i n g s .  

X~ 
= g r o s s  o u t p u t  of l e t t i n g  and oper.  of dwel l ings 

G r o s s  o u t p u t  o f  l e t t i n g  a n d  o p e r a t i n g  o f  d w e l l i n g s  and u s e  o f  

o w n e r - o c c u p i e d  d w e l l i n g s  (xR)  is e q u a l  t o  demand o f  g r o s s  r e n t  

f u e l  a n d  p o w e r  by h o u s e h o l d s .  

E a c h  p r o d u c t  g r o u p  is summed u p  by i n d u s t r i e s  a n d  i n v e s t m e n t s  

made i n  o t h e r  a c t i v i t i e s  ( s o l v e d  a n a l o g o u s l y )  a r e  a d d e d .  I n v e s t -  
m e n t s  i n  p r o d u c t  g r o u p s  a r e  f i n a l l y  d e c o m p o s e d  i n t o  d e l i v e r y  

I d e m a n d s  o f  i n d u s t r i e s  by a  b r i d g e  m a t r i x  A': x1 = A i ,  w h e r e  

i = t o t a l  i n v e s t m e n t s  by t y p e  o f  c a p i t a l  g o o d s .  

C o n s u m p t i o n  e x p e n d i t u r e s  o f  h o u s e h o l d s  ( 1  

T h e  t o t a l  c o n s u m p t i o n  e x p e n d i t u r e s  o f  h o u s e h o l d s  a r e  decomposed  

i n t o  demands o f  p u r p o s e  c a t e g o r i e s  w i t h  p a r a m t e r s  o f  a  L i n e a r  

E x p e n d i t u r e  S y s t e m  t y p e  demand s y s t e m .  The  p a r a m e t e r s  w e r e  e s t j -  

m a t e d  f o r  t h e  s y s t e m :  

A 
w h e r e  t = d i a g o n a l  m a t r i x  o f  c o n s u m e r  p r i c e s  

i n  y e a r  t ( 1 5  x  1 5 )  

q t  = v e c t o r  o f  c o n s u m e d  q u a n t i t i e s  i n  
y e a r  t ( 1 5  x  1 )  

1 
c ,  bO, b = v e c t o r s  o f  p a r a m e t e r s  t o  b e  es t i -  

m a t e d  ( 1 5  x  1 )  

1) S v e n t o  ( 1979)  a n d  ( 1982b)  



= t r e n d  f a c t o r  

= v e c t o r  o f  er ro r  t e r m s  i n  y e a r  t .  

= t o t a  I C ' J ~ I ~ G T P ~  l on e x p ~ n d i  t u r e s  i n  
c u r r r n t  p r i c e s  

The  e s t i m a t i o n  p e r i o d  u s e d  was  1 9 6 0 - 7 8  a n d  t h e  e s t i m a t i o n  m e t h o d  

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

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

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

i s  d o n e  us ing  a  f i x e d  c o e f f i c i e n t  t r a n s f o r m a t i o n  m a t r i x :  
C x C  = A q .  Demand f o r  g r o s s  r e n t ,  f u e l  a n d  power  i s  e x o g e n o u s .  

G o v e r n m e n t  c o n s u m p t i o n  e x p e n d i t u r e s  

T h e  demand d e l i v e r i e s  o f  i n d u s t r i e s  t o  t h e  g e n e r a l  g o v e r n m e n t  

a r e  s o l v e d  u s i n g  f i x e d  i n p u t  c o e f f i c i e n t s .  G r o s s  o u t p u t  o f  

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

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

e x p e n d i t u r e s  c.f t h e  g e n e r a l  g o v e r n m e n t  ( s e e  c h a p t e r  f o u r ) .  

C o m p e t i t i v e  i m p o r t s '  ' 
C o m p e t i t i v e  i m p o r t s  a r e  s o l v e d  u s i n g  i m p o r t  s h a r e s  o f  i n d u s t r i e s .  

T h e  f o l l o w i n g  e q u a t i o n  h a s  b e e n  e s t i m a t e d :  

w h e r e  m .  M M E 
l t  z x i t / ( x i t  + x i t  - X .  ) i s  t h e  i m p o r t  l t  

s h a r e  o f  i n d u s t r y  i i n  y e a r  t 
M 

X .  
I t  

= i m p c r t  o f  c o m m o d i t i e s  by i n d u s t r y  1 

i n  y e a r  t 

E 
X. I t  = e x p o r t  o f  c o m m o d i t i e s  f r o m  i n d u s t r y  i 

i n  y e a r  t 

di t  = x i t  + xM - xE = d o m e s t i c  demand o f  i t  i t  
c o m m o d i t y  i i n  y e a r  t 

1 )  K a r r y m a k i  ( 1 9 7 9 )  



M 
Pit = price index of imports of commodity i 

in year t 

Pit = price index of domestic production of 

industry i in year t 

boi,b,i,b2i= parameters to be estimated. 

Expected signs being b i> 0 ,  bZi< 0. 

Relative prices between imports and domestic output are exogen- 

ously given. Parameter estimates were calculated for 1959-1975. 

The output model can be described by the aid of diagraa 1 .  

Diagram 4 

The output model 

x = Ax xC + x N  + xC + x1 + x E  - xH 

- 
Income- 
mode 1 



4 .  The i n c o m e  m o d e l  ( 1  

I n  t h e  i n c o m e  m o d e l  t h e  f o l l o w i n g  i tems a r e  s o l v e d .  

1 .  D o m e s t i c  f a c t o r  i n c o m e s  f r o m  p r o d u c t i o n  a c t i v i t i e s  

2. R e d i s t r i b u t i o n  of i n c o m e s  t h r o u g h  t r a n s f e r s  among 

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

e a c h  s e c t o r  a n d  

3 .  D i s t r i b u t i o n  o f  d i s p o s a b l e  i n c o m e s  b e t w e e n  c o n s u m p t i o n  and  

s a v i n g  i n  i n s t i t u t i o n a l  s e c t o r s .  

D o m e s t i c  f a c t o r  i n c o m e s  a re  c a l c u l a t e d  u s i n g  p r o d u c t i o n  a n d  p r i c e  

i n f o r m a t i o n  f r o m  o u t p u t  a n d  pr i !ce m o d e l s .  

Wages a n d  s a l a r i e s  a r e  c a l c u l a t e d  a s  f o l l o w s :  

(8) w = w - 1  
w h e r e  W = sum o f  w a g e s  a n d  s a l a r i e s  

1 = a  v e c t o r  o f  l a b o u r  i n p u t  o f  i n d u s t r i e s  

i n  y e a r  t i n  i n d u s t r y  j i t  is  

t - v  l j t  = ( 1+bI t  vf:3 ( 1  + a . 1  h jO  x:-, J 

w h e r e  h  is t h e  l a b o u r - i n p u t  c o e f f i c i e n t  i n  t h e  
j 0 * 

b a s e  y e a r  and x ~ , ~  c a p a s i t y  i n s t a l l e d  in year  t-v. 

E m p l o y e r s '  c o n t r i b u t i o n s  t o  s o c i a l  s e c u r i t y  s c h e m e s  a r e  i n c l u d e d  

i n  wage l e v e l s .  

C r o s s  operat ing s u r p l u s  is e q u a l  t o  (p*x  - W ) ,  w h e r e  P* v a l u e  

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

v a l u e  a d d e d .  D e p r e c i a t i o n  is assumed t o  be  a  c o n s t a n t  r a t i o  

o f  t h e  g r o s s  o p e r a t i n g  s u r p l u s .  

F a c t o r  i n c o m e s  a b r o a d  ( n e t )  a r e  a d d e d  t o  d o m e s t i c  items u s i n g  

a  g i v e n  r a t e  on t h e  sum o f  d o m e s t i c  f a c t o r  i n c o m e s .  I n  o r d e r  

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

s e c t o r s  t w o  aceount i rg  f r a m e w o r k s  a r e  u s e d .  They a r e  f o r  o u t l a y s  

and  i n c o m e s .  ( 2  

1 ) MBenpB= ( 1 9 8 2 ) ,  S v e n t o  ( 1 9 8 2 a )  and ( 1  982b)  

2 )  F o r  a  more d e t a i l e d  d e s c r i p t i o n  o f  t h e  r e d i s t r i b u t i o n  
s e e  S v e n t o  ( 1 9 8 2 b ) .  



T o t a l  o u t l a y s  i n  e a c h  s e c t o r  ( c o r p o r a t e  e n t e r p r i s e s ,  h o u s e h o l d s ,  

g e n e r a l  g o v e r n m e n t ,  n o n - p r o f i t  i n s t i t u t i o n s )  a r e  e q u a l  t o  t h e  

sum o f  d i f f e r e n t  t r a n s f e r s  p a i d :  r e q u i t e d  c u r r e n t  t r a n s f e r s  + 
i n d i r e c t  t a x e s  + d i r e c t  t a x e s  + s o c i a l  s e c u r i t y  c o n t r i b u t i o n s  + 
s o c i a l  s e c u r i t y  b e n e f i t s  + o t h e r  t r a n s f e r s  a n d  d i s p o s a b l e  incomes. 

On t h e  o t h e r  h a n d  t o t a l  i n c o m e s  a r e  e q u a l  t o  t h e  sum o f  r e c i e v e d  

t r a n s f e r s  ( c l a s s i f i c a t i o n  i s  t h e  s a m e  a s  i n  o u t l a y s )  a n d  f a c t o r  

i n c o m e s .  S i n c e  o u t l a y s  e q u a l  i n c o m e s  i n  e a c h  s e c t o r  d i s p o s a b l e  

i n c o m e  = ( t r a n s f e r s  r e c i e v e d  - t r a n s f e r s  p a i d )  + f a c t o r  i n c o m e s .  

D i s t r i b u t i o n  c o e f f i c i e n t s  a r e  c o n s t r u c t e d  f o r  o u t l a y s  a n d  i n c o m e s  

by  s e c t o r s  a s  w e l l  as  by r e c i e v e d  a n d  p a i d  t r a n s f e r s .  Coe f f i c i en t s  

may b e  a s s u m e d  c o n s t a n t  o r  u s e d  as  p o l i c y  p a r a m e t e r s .  Disposable 

i n c o m e s  i n  d i f f e r e n t  s e c t o r s  a r e  s o l v e d  by  m e a n s  o f  t h e s e  c o e f f i -  

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

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

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

m a r g i n a l  p r o p e n s i t i e s  t o  c o n s u m e  are e q u a l :  

H w h e r e  Ct = t o t a l  c o n s u m p t i o n  o f  h o u s e h o l d s  i n  y e a r  t 

Y : ~  = d i s p o s a b l e  i n c o m e s  o f  h o u s e h o l d r  i n  y e a r  t 

( 1-s ) = a v e r a g e  = m a r g i n a l  p r o p e n s i t y  t o  consume 
W 

i n  h o u s e h o l d s .  

The f u n c t i o n  is v e r y  s i m p l e .  Howeve r ,  t h e  e m p i r i c a l  e v i d e n c e  o n  

t h e  l o n g  r u n  d e v e l o p m e n t  o f  h o u s e h o l d ' s  s a v i n g s  d o e s n ' t  j u s t i f y  

s t r o n g  c o n c l u s i o n s .  

I n  F i n l a n d  t h e  g e n e r a l  g o v e r n m e n t  h a s  b e e n  a  n e t  l e ~ d e r .  

A c c o r d i n g l y ,  t h e  n e t  s a v i n g  r a t e  i s  s e t  as  a  p o l i c y  v a r i a b l e .  

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

i n g l  y  : 



w h e r e  s n  C  = n e t  s a v i n g  r a t e  o f  t h e  g e n e r a l  

g o v e r n m e n t  

N~ = n e t  l e n d i n g  o f  t h e  g e n e r a l  
g o v e r n m e n t  

ydC = d i s p o s a b l e  income o f  t h e  g e n e r a l  
g o v e r n m e n t  - 

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

I = g r o s s  f i x e d  c a p i t a l  f o r m a t i o n  o f  
t h e  p u b l i c  s e c t o r  

The c o n s u m p t i o n  e x p e n d i t u r e s  o f  t h e  g e n e r a l  government  c a n  now 

b e  s o l v e d  f o l l o w i n g l y :  

The s o l u t i o n  u s e s  t h e  i t e r a t i v e  n a t u r e  o f  t h e  model  s y s t e m .  

I n v e s t m e n t s  and c o n s u m p t i o n  o f  f i x e d  c a p i t a l  depend  on  g r o s s  

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

r a t i o n .  C r o s s  o u t p u t  f o r  t h e  i t e r a t i o n  i n  q u e s t i o n  is  t h e n  

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

f r o m  g e n e r a l  g o v e r n m e n t  t o  c o n s u m p t i o n  e x p e n d i t u r e s .  Labour  

i n p u t  demand,  g r o s s  f i x e d  i n v e s t m e n t s ,  c o n s u m p t i o n  o f  f i x e d  

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

f r o m  g r o s s  o u t p u t  w i t h  f i x e d  l a b o u r - i n p u t ,  c a p i t a l - o u t p u t  and input  

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

5 .  A b a s i c  s c e n a r i o  f o r  t h e  d e v e l o p m e n t  o f  t h e  

F i n n i s h  economy 

The model  s y s t e m  was a p p l i e d  f o r  c a l c u l a t i n g  a  b a s i c  deve lopment  

s c e n a r i o  o f  t h e  F i n n i s h  economy f r o m  1978  t o  1990 .  The fol lowing 

a s s u m p t i o n s  w e r e  t h e n  made: 

P r i c e  m o d e l  

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

1978  a n d  1980  w e r e  made t o  1 9 7 8  c o e f f i c i e n t s  

- o t h e r  i n p u t  c o e f f i c i e n t s  a r e  1978  c o e f f i c i e n t s  



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

i m p o r t s  b e t w e e n  1978 a n d  1980 w e r e  m a d e .  T h e r e  a f t e r  

r e l a t i v e  p r i c e  is a s s u m e d  t o  i n c r e a s e  3 % a n n u a l l y  

- wage  l e v e l  o f  i n d u s t r i e s  i s  a t  1978 l e v e l ,  p r o f i t  

r a tes  b e t w e e n  i n d u s t r i e s  are  t h o s e  p r e v a i l e d  1971-77,  

t a x  r a t e s  a r e  t h o s e  i n  1978 

O u t p u t  m o d e l  

- e x p o r t s ,  w h i c h  is  & n  e x o g e n o u s l y  d e t e r m i n e d  v a r i a b l e  

i n  t h e  m o d e l ,  is a s s u m e d  t o  i n c r e a s e  5 . 2  % a n n u a l l y .  

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

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

r a tes  i n  t h e  7 0 ' s  a n d  f o r e c a s t s  made e l s e w h e r e  

- r e l a t i v e  p r i c e s  b e t w e e n  i m p o r t e d  c o m p e t i t i v e  p r o -  

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

a s s u m e d  t o  b e  c o n s t a n t .  

I n c o m e  m o d e l  

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

as i n  1970-78 

- s h a r e s  o f  t r a n s f e r s  are  t h e  same a s  1978 

I t  m u s t  b e  s t r e s s e d  t h a t  t h e  r e s u l t s  are  t e n t a t i v e  a n d  

s h o u l d  n o t  i n  a n y  c a s e  b e  t a k e n  as a ' p r o j e c t ' s  v i e w '  o f  t h e  

p r o b a b l e  d e v e l o p m e n t .  A l l  d e t a i l s  h a v e  n o t  b e e n  c h e c k e d t o  t h e  

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

T a b l e  1. E x p e n d i t u r e  o n  t h e  p r o s s  d o m e s t i c  p r o d u c t  i n  p u r c h a s e r s '  
v a l u e s  ( t h .  m l n .  Fmk., 1978 p r i c e s ) .  

a n n u a l  
1978 1990 r a t e  o f  

Item v a l u e  s t r u c t u r e  v a l u e  s t r u c t u r e  g r o w t h ( % )  

P r i v a t e  c o n s m p t i o n  78.7 56.3 108.5 54.5 2 -7 
Government c o n s m p t i o n  26.3 18.8 28.9 14 -5 0.8 
P r i v a t e  c a p i t a l  fo rmat ion  28.2 20.1 36.6 18.4 2 -2 
Gov.ment c a p i t a l  fo rmat ion  4.6 3.3 2.4 1.2 -5.3 
Expor ts  43.1 30.8 79.8 40.1 5.3 
Imports -37.7 -26.9 -58.3 -29.3 3.7 
Discrepancy -3.3 -2.3 1.2 0.6 0.0 

Gross d o m e s t i c  p r o d u c t  139.9 100.0 199.0 100.0 3.0 
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T a b l e  3. C o n s u m p t i o n  e x p e n d i t u r e s  by h o u s e h o l d s  ( m l n .  Pmk.,  1978 p r i c e s ) .  

a n n u a l  
1978 1990 r a t e  o f  

I t e m  v a l u e  s t r u c t u r e  v a l u e  s t r u c t u r e  g r o w t h  ( % )  

01. Food 17332 22.7 19939 19.3 1.2 
02. Beverages and tobacco 5446 7.1 7237 7.0 2 .I1 
03. Clo th ing  and footwear 3802 5.0 4125 4.0 - 7  
04. Cross r e n t ,  f u e l  and power 14696 19.2 20906 20.2 3 - 0  
05. Furn i t u re ,  f u rn i sh ing  and household 505 1 6.6 6506 6.3 2.1 

equipnent  and opera t ion  
06. Medical c a r e  and h e a l t h  expen.ses 3173 4.2 4296 4.2 2 - 6  

( l n c l .  persona l  c l eanness )  
07. Personal  t r a n s p o r t  equipment 8865 11.6 10592 10.2 1.5 
08. Other t r a n s p o r t  2633 3.4 2956 2.9 1 .O 
09. Carmunication 913 1.2 1961 1.9 6.6 
10. Recrea t jon ,  c u l t u r e  and educat ion 5590 7.3 11208 10.8 6.0 

( i n c l .  goods n .e.c. and packaged t o u r s )  
11. Books, papers and magazines 1656 2.2 2473 2.4 3.4 Q\ - 
12. Ekpendi ture i n  r e s t a u r a n t s  and h o t e l s  4782 6.3 7893 7.6 4 - 3  w 
13. Serv i ces  n .e .c . 535 .7 590 .6 .8 
14. W c h a s e s  from producers o f  government 1294 1.7 1710 1.7 2.3 

s e r v i c e s  
15. W c h a s e s  from producers o f  non-prof i t  799 1 .O 970 - 9  1.6 

s e r v i c e s  
16. W c h a s e s  abroad 1720 2.3 2656 2.6 3.7 
17. M h a s e s  by non-resident households -1861 -2.4 -25 15 -2.4 2.5 

C o n s u m p t i o n  expend i tu re  o f  household 76420 100.0 103505 100.0 2 -6  
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THE INCOME BLOCK OF THE FINNISH 
LONG-RANGE MODEL SYSTEM 

Rauli Svento 
Department of Economics, University of Oulu, Oulu, Finland 

1. The p o s i t i o n  o f  t h e  i ncome  b l o c k  i n  FMS ( 1 

The i n c o m e  b l o c k  h a s  a v e r y  s p e c i a l  r o l e  i n  FMS. FMS h a s  a f i r m  

t h e o r e t i c a l  b a c k g r o u n d .  The mode l  i s  b a s e d  on  t h e  p o s t - K e y n e s i a n  

t h e o r y  o f  g r o w t h  and i ncome  d i s t r i b u t i o n .  The c o r e  o f  t h i s  t h e o r y  

c o n s e r n s  t h e  r e l a t i o n s h i p s  among t h e  ra te  o f  p r o f i t ,  i ncome  d i s -  

t r i b u t i o n  and  e c o n o m i c  g r o w t h .  Assuming d i f f e r e n t  s a v i n g s  r a t e s  

f r o m  d i f f e r e n t  s o u r c e s  o f  i ncome  o r  f o r  d i f f e r e n t  r e c e i v e r s  o f  

i n c o m e ,  i t  is  p o s s i b l e  t o  f i n d  o u t  a n  i n c o m e  d i s t r i b u t i o n  a n d  a ra te  

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

r i u m  i n v e s t m e n t s .  ( 2  The t h e o r y  h a s ,  h o w e v e r ,  b e e n  d e v e l o p e d  a s s u m i n g  

n o  g o v e r n m e n t  i n t e r v e n t i o n .  I n  t h e  p a p e r  w e  s h a l l  mode l  t h e  i n s t i -  

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

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

We s h a l l  n o t ,  h o w e v e r ,  g o  i n t o  a l l  t h e  t h e o r e t i c a l l y  i n t e r e s t i n g  

q u e s t i o n s  o f  s u c h  a n  e x t e n s i o n  i n  t h i s  c o n n e c t i o n .  

A c o m p l e t e  i ncome  b l o c k  s h o u l d  h a v e  t h r e e  ma in  p a r t s .  The f i r s t  

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

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

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

v a r i o u s  u s e s .  

* T h i s  p a p e r  is  p a r t  o f  t h e  p r o j e c t  o n  t h e  Long-Range A l t e r n a t i v e s  
f o r  t h e  Deve lopmen t  of t h e  F i n n i s h  Economy c o n d u c t e d  by  wo fesso r  
Osmo F o r s s e l l  a t  t h e  D e p a r t m e n t  o f  E c o n o m i c s ,  U n i v e r s i t y  o f  Ou lu .  
F i n a n c i a l  s u p p o r t  f r om t h e  F i n n i s h  Academy and  t h e  Y r j o  J a h n s s o n  
F o u n d a t i o n  i s  g r a t e f u l l y  a c k n o w l e d g e d .  

1 )  F o r  a  more  d e t a i l e d  d e s c r i p t i o n  o f  FMS s e e  F o r s s e l l  0 .  - Maen- 
p l a  I .  - S v e n t o  R .  ( 1 9 8 3 ) .  FMS = F i n n i s h  Long-Range Model  z y s t e m .  

2 )  S e e  f . e .  S e n ,  A .  ( 1 9 7 0 ) .  



The basic logic of FMS and the position of the income block in FMS 

can be illustrated by the aid of the following diagram. 
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income block in FMS. The symbols used are 

= general level of profit rates 

= consumption expenditures of households 

= public consumption expenditures 

= vector of exports by industry 

= vector of investments by industry 

= operating surplus 

= wages, salaries and employers' contributions to 
social security schemes 

= corporate enterprises 

= general government 

= households. 



FMS i s  a  s t e a d y  s t a t e  e q u i l i b r i u m  model.  The e q u i l i b r i u m  s o l u t i o n  

f o r  t h e  end y e a r  i s  found o u t  i t e r a t i v e l y .  The deve lopment  between 

b a s e  and end y e a r s  f o l l o w s  g e o m e t r i c a l  g r o w t h .  We s t a r t  w i t h  a n  

i n i t i a l  g u e s s  f o r  t h e  g e n e r a l  l e v e l  o f  t h e  p r o f i t  r a t e s ,  p e r s o n a l  

and p u b l i c  c o n s u m p t i o n s  e x p e n d i t u r e s ,  i n v e s t m e n t s  and e x p o r t s .  Comb- 

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

c o e f f i c i e n t s  we c a n  s o l v e  t h e  p r i c e  model.  P r i c e s  combined t o  t h e  

consumpt ion  g u e s s e s  g i v e  t h e  f i n a l  demand i t e m s .  The i n p u t - o u t p u t  

model is t h e n  s o l v e d  t o  g i v e  g r o s s  o u t p u t s .  G r o s s  o u t p u t s  a r e  t h e n  

used  t o  s o l v e  t h e  i n v e s t m e n t s  and t h e  f u n c t i o n a l  income d i s t r i b u t i o n .  

From t h e  f u n c t i o n a l  income i t e m s  d i s p o s a b l e  incomes  o f  v a r i o u s  i n s t i -  

t u t i o n a l  s e c t o r s "  a r e  r e c e i v e d .  From d i f f e r e n t  s a v i n g s  r a t e s  o f  

t h e  i n s t i t u t i o n a l  s e c t o r s  we g e t  s e c t o r a l  c o n s u m p t i o n s  and s a v i n g s .  

S i n c e  i n v e s t m e n t s  depend on t h e  g rowth  r a t e s  o f  g r o s s  o u t p u t s  and 

s a v i n g s  on t h e  income d i s t r i b u t i o n  t h e r e  i s  no  a  p r i o r i  r e a s o n  f o r  

them t o  be e q u a l .  The d i f f e r e n c e  between i n v e s t m e n t s  and s a v i n g s  

d e t e r m i n e  t h e  change  i n  t h e  g e n e r a l  l e v e l  o f  p r o f i t  r a t e s .  We c a n  

p roceed  t o  t h e  n e x t  i t e r a t i o n .  I t e r a t i o n  is c o n t i n u e d  a s  l o n g  a s  

S  = I. ( 2  

I f  t h e  e x p o r t  g rowth  is s u c h  t h a t  i n v e s t m e n t s  t e n d  t o  become b i g g e r  

t h a n  s a v i n g s  we r a i s e  t h e  p r o f i t  r a t e s  - o n l y  t h e  most  p r o f i t a b l e  

i n v e s t m e n t s  c a n  be f i n a n c e d .  A s  a  c o n s e q u e n c e ,  t h e  p r i c e s  i n c r e a s e  

and t h e  volume o f  demand r e d u c e s  s o  t h a t  g r o w t h  and i n v e s t m e n t s  

d i m i n i s h .  On t h e  o t h e r  hand ,  s i n c e  p r o f i t  r a t e s  have  i n c r e a s e d  t h e  

income d i s t r i b u t i o n  w i l l  change  i n  f a w  o f  p r o f i t s .  Thus s a v i n g s  

a r e  i n c r e a s e d .  

EconomFcpol icy h a s  a  t w o f o l d  j o b  i n  t h e  model .  S i n c e  t h e  s o l u t i o n  

c a n  v e r y  w e l l  be a n  unemployment e q u i l i b r i u m , i n v e s t m e n t s  need n o t  

be a t  t h e  f u l l e m p l o y m e n t  l e v e l .  The prob lem is t o  f i n d  t h i s  l e v e l  

and t h e  income d i s t r i b u t i o n  t h a t  p r o d u c e s  i t .  

1 )  N o n - p r o f i t  i n s t i t u t i o n s  h a s  h e r e  been o m i t t e d  f o r  r e a s o n s  o f  
s i m p l i c i t y .  

2 )  The s o l u t i o n  c o u l d ,  of c o u r s e ,  a s  w e l l  be viewed from t h e  
f o r e i g n  b a l a n c e  s i d e  w i t h  t h e  exchange  r a t e  a s  a  v a r i a b l e .  

The d e s c r i p t i o n  o f  t h e  b a s i c  l o g i c  is based  on Maenpia ( 1 9 8 2 ) .  



2 .  The  s t r u c t u r e  o f  t h e  i ncome  b l o c k  i n  FMS 

The  s t r u c t u r e  o f  t h e  i n c o m e  b l o c k  h a s  f u r t h e r  b e e n  d e s c r i b e d  i n  

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

s e n t e d  o n  t h e  r i g h t  hand  s i d e  o f  t h e  d i a g r a m .  The c o n n e c t i o n s  t o  

t h e  rest o f  t h e  mode l  f r o m  t h e  i n c o m e  b l o c k  h a v e  b e e n  d e p i c t e d  o n  

t h e  l e f t  hand  s i d e .  

Final 
demand Exports 

;j Domestic fac tor  incomes 

Wages Employers' contrib. Operating 
t o  s o c .  s e c .  sch .  surplus 

Domestic institutional fac tor  incomes 

hterprises I buseholds 

General 

National d isposable income 

Households 
I 

D i a g r a m  2 .  The s t r u c t u r e  o f  t h e  i n c o m e  b l o c k  i n  FMS. 



Nominal wage r a t e s  a r e  f i x e d  i n  t h e  model s y s t e m .  Wages, s a l a r i e s  

and e m p l o y e r s '  c o n t r i b u t i o n s  t o  sss. a r e  obtained by m u l t i p l y i n g  the indus- 

t r i a l  l a b o u r  demands by t h e  c o r r e s p o n d i n g  wage r a t e  and summing 

o v e r  i n d u s t r i e s .  C r o s s  p r o f i t s  a r e  t h e n  o b t a i n e d  when wages a r e  

s u b t r a c t e d  f rom v a l u e - a d d e d ,  where t h e  va lue -added  p r i c e s  depend 

on t h e  p r o f i t  r a t e s .  O p e r a t i n g  s u r p l u s  is  t h e n  o b t a i n e d  by sub-  

t r a c t i n g  a  f i x e d  s h a r e  a s  d e p r e c i a t i o n .  ( 1  

Domest ic  f a c t o r  incomes a r e  t h e n  d i v i d e d  i n t o  d o m e s t i c  i n s t i t u t i o n a l  

f a c t o r  incomes u s i n g  f i x e d  b a s e  y e a r  s h a r e s .  F o r e i g n  f a c t o r  incomes 

and t r a n s f e r s  a r e  a l s o  f i x e d  on t h e  b a s e  y e a r  s h a r e s .  

I n  what f o l l o w s  we s h a l l  c o n c e n t r a t e  on t h e  f i n a l  p a r t  o f  t h e  c h a i n  - 
t h e  prob lem o f  t h e  change f rom d o m e s t i c  i n s t i t u t i o n a l  f a c t o r  incomes 

t o  n a t i o n a l  d i s p o s a b l e  income. T h i s  p a r t  o f  t h e  p r o c e s s  is u s u a l l y  

n o t  s o l v e d  i n  an a n a l y t i c a l  o r  comprehens ive  way. I n  t h e  f o l l o w i n g  

we s h a l l  c r i t i c a l l y  examine one  p o s s i b l e  a n a l y t i c a l  s o l u t i o n  o f  

t h i s  prob lem.  T h i s  s o l u t i o n  is  based on t h e  income-ou t lay  t a b l e s  

o f  t h e  S N A ' ~ .  T h i s  is why we s h a l l  f i r s t  have a  l o o k  a t  t h e  n a t u r e  

o f  t h e s e  t a b l e s .  Then we s h a l l  d e r i v e  t h e  model and a n a l y s e  i ts 

c h a r a c t e r i s t i c s .  

2 .  The income-ou t lay  t a b l e s  i n  SNA 

( 3  The i n s t i t u t i o n a l  a c c o u n t i n g  h a s  g r e a t l y  improved i n  RSNA . 
There a r e  two main s i d e s  i n  t h e  i n s t i t u t i o n a l  a c c o u n t i n g  f ramework:  

t h e  income-ou t lay  a c c o u n t s  and  t h e  c a p i t a l  f i n a n c e  a c c o u n t s .  The 

s t r u c t u r e  o f  an  income-ou t lay  a c c o u n t  f o r  t h e  whole economy f o r  any  

p a r t i c u l a r  y e a r  can  be d e s c r i b e d  a s  i n  t h e  f o l l o w i n g  scheme. The 

a c c o u n t  h a s  two s i d e s :  c u r r e n t  d i s b u r s e m e n t s  and c u r r e n t  r e c e i p t s .  

On t h e  rows o f  t h e  a c c o u n t  we have  d i f f e r e n t  t r a n s f e r s  and on t h e  

co lumns t h e  d i f f e r e n t  i n s t i t u t i o n a l  s e c t o r s  o f  t h e  economy. 

1 )  For  a  more d e t a i l e d  d e s c r i p t i o n  o f  t h e  f u n c t i o n a l  income 
d i s t r i b u t i o n  s e e  Maenpaa ( 1 9 8 2 ) .  

2 )  A System of N a t i o n a l  A c c o u n t s ,  S t u d i e s  i n  Methods ( 1 9 6 8 )  

3 )  T h i s  d e s c r i p t i o n  is  based on F i n n i s h  a c c o u n t s ,  s e e  Revised 
N a t i o n a l  Accounts  f o r  1960-1978 ( 1 9 8 1 )  and Sourama H. - 
S a a r i a h o  0 .  ( 1 9 8 0 ) .  



Out lay Income 

where A, = nxm table of current disbursements 

B = nxm table of current receipts 

;d = 0x1 vector of sectoral disposable incomes 

v = mxl vector of institutional factor incomes 
by sector 

z = nxl vector of current disbursements total by 
transfer 

q = nxl current receipts total by transfer 

u = mxl current disbursements total by sector 

= current receipts total by sector 

Diagram 3. The structure of the income-outlay accounts. 



The p r i n c i p l e  o f  d o u b l e  a c c o u n t i n g  i s  b e i n g  f u l f i l l e d  i n  t h e  
a c c o u n t s .  Any t r a n s f e r  p a i d  by a n y  s e c t o r  h a s  a  r e c e i v e r  on t h e  

income s i d e ,  u n l e s s ,  o f  c o u r s e ,  i f  t h e  t r a n s f e r  is p a i d  t o  ( o r  

r e c e i v e d  f r o m )  t h e  r e s t  o f  t h e  w o r l d .  The c l a s s i f i c a t i o n  o f  t h e  

t r a n s f e r s  h a s  been p r e s e n t e d  i n  Appendix I. 

The c l a s s i f i c a t i o n  is t h e  same f o r  b o t h  s i d e s  e x c e p t  f o r  i n d i r e c t  
t a x e s  and s u b s i d i e s .  I n  t h e  o u t l a y s i d e  g e n e r a l  government  pays  

s u b s i d i e s  and i n  t h e  income s i d e  r e c e i v e s  i n d i r e c t  t a x e s .  Sub- 

s i d i e s  c a n ,  however ,  be T n t e r p r e t e d  a s  n e g a t i v e  i n d i r e c t  t a x e s .  

The l e v e l  o f  a g g r e g a t i o n  c a n  be f r e e l y  c h o s e n ,  a s  l o n g  a s  it is t h e  

same f o r  b o t h  s i d e s .  

Seven s e c t o r s  have  been d i s t i n g u i s h e d :  e n t e r p r i s e s ,  f i n a n c i a l  

i n s t i t u t i o n s ,  c e n t r a l  government ,  l o c a l  g o v e r n m e n t ,  s o c i a l  s e c u r i t y  
f u n d s ,  n o n - p r o f i t  i n s t i t u t i o n s  and h o u s e h o l d s .  

3 .  A n a l y t i c a l  s o l u t i o n s  o f  t h e  i n s t i t u t i o n a l  r e d i s t r i b u t i o n  

L e t  u s  a l s o  have i1 = mxl and i2 = n x l  u n i t  v e c t o r s .  The f o l l o w i n g  
i d e n t i t i e s  h o l d  i n  t h e  income-ou t lay  a c c o u n t s :  

A;i2 + yd = u  

B i i 2  + V = U 

o r  yd = ( B i  - ~ i ) i ~  + v .  

The l a s t  e q u a t i o n  s i m p l y  s t a t e s  t h a t  n e t  t r a n s f e r s  p l u s  f a c t o r  

i ncomes  e q u a l  d i s p o s a b l e  incomes  o f  e a c h  s e c t o r .  We need s e v e r a l  

e q u a t i o n s  i f  we want  t o  have  a l l  t h e  l e v e l s  o f  v a r i o u s  t r a n s f e r s .  
I n s t e a d  we c a n  a s k ,  would it b e  p o s s i b l e  and s e n s i b l e  t o  u s e  t h e  

i n f o r m a t i o n  o f  t h e  income-ou t lay  s t r u c t u r e  i n  r e l a t i v e  s h a r e s .  We 

a r e  t h e n  l o o k i n g  f o r  a  way o f  e x p r e s s i n g  t h e  t a b l e s  i n  a  c o e f f i -  

c i e n t  form.  L e t  u s  a n a l y s e  t h e  p o s s i b i l i t y  f i r s t .  

L e t  t h e r e  be f o u r  m a t r i c e s o f  c o e f f i c i e n t s  a s  f o l l o w s :  



w h e r e  * d e n o t e s  t r a n s p o s e  a n d h d i a g o n a l  m a t r i x .  U s i n g  t h e s e  m a t r i c e s  

and  t h e  b a s i c  i d e n t i t i e s ,  it is  p o s s i b l e  t o  d e r i v e  t h e  f o l l o w i n g  

s p e c i f i c a t i o n :  ( 1  

T h i s  s p e c i f i c a t i o n  is  s t i l l  n o t  v e r y  n i c e  s i n c e  w e  n e e d  t h e  u 
v e c t o r .  We c a n ,  o f  c o u r s e ,  re la te  u  t o  v  i n  t h e  same way t h e y  a r e  

r e l a t e d  i n  t h e  y e a r  f r o m  w i c h  A,B,C a n d  D come f rom.  T h i s ,  h o w e v e r ,  

is  n o t  v e r y  d e s i r a b l e  f r o m  t h e  p o l i c y  p o i n t  o f  v iew.  Economic  

p o l i c y  o p e r a t e s  t h r o u g h  t h e  c o e f f i c i e n t s  i n  A,B,C a n d  D t h u s  
d  

c h a n g i n g  t h e  r e l a t i o n s  be tween  u  a n d  v  o r  u  and  y  . 

The column sum o f  A and B  g i v e ,  r e s p e c t i v e l y ,  t h e  s h a r e s  o f  a l l  

t r a n s f e r s  p a i d  o r  r e c e i v e d  f r o m  t o t a l  i ncome .  U s i n g  t h i s  i n f o r m a -  

t i o n  i t  is p o s s i b l e  t o  s o l v e  f o r  u  u s i n g  A o r  B  i n  t h e  f o l l o w i n g  

way: 
4 1  d  

u = ( i l  - A * i 2 ) -  y  

I n s e r t i n g  i n t o  ( 1 )  and s o l v i n g  f o r  yd we h a v e  two  p o s s i b l e  s p e c i -  

f i c a t i o n s  f o r  a n  i n c o m e - o u t l a y  mode l :  

( 2 )  yd = [ I  - ( D B  - c * ) ( i l  c ~ - i ~ ) - l l - l v  

U s i n g  ( 2 )  o r  ( 3 )  i t  is  p o s s i b l e  t o  s o l v e  f o r  t h e  d i s t r i b u t i o n  o f  

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

t h e  s e n s i t i v i t y  o f  i n v e r s e  m a t r i c e s  t o  c h a n g e s  i n  i n i t i a l  elements 

o n e  wou ld  b e  t e m p t e d  t o  be  more  d o u b t f u l 1  w i t h  r e s p e c t  t o  s p e c i -  

f i c a t i o n  ( 2 ) .  However ,  it is  d i f f i c u l t  t o  d raw  c o n c l u s i o n s  o f  t h e  

m o d e l s  a n a l y t i c a l l y .  We h a v e  t o  l o o k  f o r  t h e  d e p e n d e n c i e s  a t  t h e  

e m p i r i c a l  l e v e l .  T h i s  way we c a n  a l s o  l o o k  f o r  a n  a n s w e r  t o  t h e  

1 )  F o r  f u l l  d e r i v a t i o n  s e e  S v e n t o ,  R . ( 1 9 8 2 ) .  



sensibility side of the question we posed above. As we shall see, 

there are severe difficulties related to both specifications. 

4 .  Development of the income-outlay coefficients 

The basic question we have to ask, when thinking about the validity 

of (2) or (31, is whether the coefficients in A, B, C and D are 

dependent on the levels of factor incomes and if such dependencies 

exist, can we deduce any causal relations behind these. If we find 

any systematic relationships between the coefficients and the activity 

of the economy we would have to work these dependencies out before 

using(2) or (3) in forecasting purposes. We shall approach this 

question by having a look at the time-series of the coefficients 

in the Finnish data. We have used the following sectoral classi- 

fication: enterprises , financial institutions, general government, 

non-profit institutions and households. The transfers are classi- 

fied followingly: 

1 .  Requited current transfers 

2. Indirect taxes 

3. DYrect taxes 

4 .  Contributions to social security schemes 

5. Social security benefits 

6. Other transfers. 

In figures 1 - 18 we have the time-series of the coefficients in 

matrices A ,  0 ,  C and D. The share of disposable income and factor 

income have been added to A and B figures respectively- 
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FIGURES 1-5. Out lay  c o e f f i c i e n t s  f o r  t h e  y e a r s  1960-1978: 

(1) r e q u i t e d  c u r r e n t  t r a n s f e r s ,  ( 2 )  i n d i r e c t  t a x e s ,  ( 3 )  d i r e c t  

t a x e s ,  (4) c o n t r i b u t i o n s  t o  s o c i a l  s e c u r i t y  schemes, ( 5 )  s o c i a l  

s e c u r i t y  b e n e f i t s ,  ( 6 )  o t h e r  t r a n s f e r s ,  ( 7 )  d i s p o s a b l e  income. 

Fig. 2. Financial instifurions 
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FIGURES 6-10. Income c o e f f i c i e n t s  f o r  t h e  y e a r s  1960-1978: 

(1)  r e q u i t e d  c u r r e n t  t r a n s f e r s ,  ( 2 )  i n d i r e c t  t a x e s ,  ( 3 )  d i r e c t  

t a x e s ,  ( 4 )  c o n t r i b u t i o n s  t o  s o c i a l  s e c u r i t y  schemes, ( 5 )  s o c i a l  

s e c u r i t y  b e n e f i t s ,  ( 6 )  o t h e r  t r a n s f e r s ,  ( 7 )  f a c t o r  income. 
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FIGURES 11-15. Values of the outlay coefficient C for the years 

1960-1978: (e) enterprises, (f) financial institutions, ( g )  

general government, (n) nonprofit institutions, (h) households. 
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FIGURES 16-19. Values of the income zoefficient D for the years 

1960-1978: (el enterprises, (f) financial institutions, (g) 

general government, ( n )  nonprofit institutions, (h) households. 



On t h e  b a s i s  o f  f i g u r e s  1  - 18 we c a n  draw f o l l o w i n g  c o n c l u s i o n s .  

1  O T h e r e  e x i s t s  a  s t r o n g  i n v e r s e  dependency  between t h e  

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

incomes i n  m a t r i x  A ( f i g u r e s  1 -5 ) .  T h i s  is o b v i o u s  w i t h  

r e s p e c t  t o  e n t e r p r i s e s ,  f i n a n c i a l  i n s t i t u t i o n s  and non- 

p r o f i t  i n s t i t u t i o n s .  

2  O The deve lopment  & t h e  A - c o e f f i c i e n t s  o f  g e n e r a l  g o v e r n -  

ment h a s  been s t a b l e .  What n e e d s  t o  be n o t i c e d  is t h e  

f a c t  t h a t  a f t e r  1973 o t h e r  t r a n s f e r s  have i n c r e a s e d  t h e i r  

s h a r e  w h i l e  t h e  s h a r e  o f  d i s p o s a b l e  income h a s  d i m i n i s h e d .  

3O With r e s p e c t  t o  h o u s e h o l d s  t h e r e  h a s  been a  c l e a r  t e n d e n c y  

u n t i l  1976.  The t a x  bu rden  h a s  c o n s t a n t l y  i n c r e a s e d  a t  

d i s p o s a b l e  i n c o m e ' s  e x p e n c e .  A f t e r  1976 t h e  t a x  r a t e s  

have  been checked  and t h e  deve lopment  h a s  r e v e r s e d .  

4 O The deve lopment  o f  t h e  c o e f f i c i e n t s  i n  t h e  income s i d e  

o f  t h e  a c c o u n t  h a s  been much more s t a b l e  t h a n  t h a t  i n  

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

( f i g u r e s  6 -10 ) .  

5 O The e l e m e n t s  o f  m a t r i c e s  C and D ( f i g u r e s  11-15 and 

16-18,  o n l y  non-ze ro  o r  non-un i t y  e l e m e n t s  h a v e  been 

p r e s e n t e d )  h a v e  been r a t h e r  s t a b l e .  

C o n c l u s i o n  o n e  a b o v e  i m l i e s  t h a t  t h e  i n v e r s e  m a t r i x  i n  model 

( 2 )  becomes v e r y  d e p e n d e n t  o f  t h e  v a r i a t i o n  o f  e l e m e n t s  i n  A .  

It is p o s s i b l e  t o  u s e  t h i s  s p e c i f i c a t i o n  o n l y  i f  t h e  e x a c t  

r e l a t i o n s h i p  between t h e  l e v e l  o f  f a c t o r  incomes and t h e  e l -  

emen ts  i n  t h e  f i r s t  row o f  A a r e  worked o u t .  T h i s  prob lem is 

n o t  s o  o b v i o u s  i f  w e  a g g r e g a t e  e n t e r p r i s e s  and f i n a n c i a l  i n s t i -  

t u t i o n s .  

C o n c l u s i o n  two p o s e s  t h e  f o l l o w i n g  q u e s t i o n :  how c a n  w e  

be  s u r e  a b o u t  t h e  c o n s i s t e n c y  o f  t h e  s y s t e m ?  One would e x p e c t  

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

o f  g e n e r a l  government  would have some i m p l i c a t i o n s  on t h e  

income s i d e .  However,  t h i s  d o e s  n o t  seem t o  be t h e  c a s e .  

T h e r e  e x i s t s  a  one  more b a s i c  i d e n t i l y  i n  t h e  s y s t e m .  Namely, 



t h a t  f a c t o r  i n c o m e s  + n e t  i n d i r e c t  t a x e s  = d i s p o s a b l e  i n c o m e s  + 

n e t  p r o p e r t y  i ncome and t r a n s f e r s  t o  t h e  rest  o f  t h e  w o r l d .  

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

d i s t r i b u t i o n  and t h e  l e v e l  o f  t o t a l  n a t i o n a l  i ncome.  

5. An i t e r a t i v e  s o l u t i o n  o f  t h e  i n s t i t u t i o n a l  r e d i s t r i b u t i o n  

The a n a l y t i c a l  s o l u t i o n s  ( 2 )  and ( 3 )  a r e  v a l u a b l e  i n  r e v e a l i n g  

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

f u l n e s s  i s ,  h o w e v e r ,  q u e s t i o n a b l e .  From t h e  p r a c t i c a l  p o i n t  o f  

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

be s t i l l  a n o t h e r  m a t r i x  o f  c o e f f i c i e n t s  B* d e f i n e d  f o l l o w i n g l y :  

B*= 5 - l ~ ~ .  I n  o t h e r  wo rds  B* i s  a  m a t r i x  t h e  e l e m e n t s  o f  wh i ch  

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

f e r s .  L e t  a l s o  r = v e c t o r  o f  t o t a l  r e c e i v e d  t r a n s f e r s  b y  s e c t o r .  

The b a s i c  i d e a  b e h i n d  t h e  i t e r a t i v e  s o l u t i o n  is s i m p l e .  We make 

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

t o t a l  i n c o m e s  u s i n g  t h e s e  g u e s s e s .  S i n c e  t o t a l  i n c o m e s  = t o t a l  

u s e  of  i n c o m e s  we c a n  c a l c u l a t e  v a r i o u s  t r a n s f e r s  p a i d  (Aa) 

u s i n g  t h e  s h a r e  m a t r i x  A .  The n e x t  s t e p  is t o  c a l c u l a t e  row 

sums o f  p a i d  t r a n s f e r s  (z) . U s i n g  B* we h a v e  a  new v a l u e  f o r  

t h e  r e c e i v e d  t r a n s f e r s .  I n d i r e c t  t a x e s  mus t  be  added  and  new 

t o t a l  i n c o m e s  r e c e i v e d .  The p r o c e s s  h a s  c o n v e r g e d  when t o t a l  

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

F o r m a l l y  t h e  p r o c e d u r e  c a n  b e  e x p r e s s e d  i n  t h e  f o l l o w i n g  way. 

The a d d i t i o n  o f  i n d i r e c t  t a x e s  h a s  been  e x c l u d e d  i n  f a v o u r  of  

t h e  more  e s s e n t i a l  f e a t u r e s . I t  i s  a l s o  b e t t e r  t o  r e l a t e  t h e  

i n i t i a l  g u e s s  o f  t h e  t o t a l  income o f  t h e  g e n e r a l  gove rnmen t  

t o  t a x  r e v e n u e  t h a n  t o  f a c t o r  income.  



1 .  Aa  = A G ~  ( t  is t h e  number  o f  i t e r a t i o n ,  
1 i n  t h e  f i r s t  r o u n d ,  o f  c o u r s e )  

3 .  z = A G ~ ~ ~  : A  i -Aa = a  1  l U t + 1  

Yes 1 

The p r o c e s s  h a s  some c l e a r  a d v a n t a g e s  o v e r  t h e  a n a l y t i c a l  

s o l u t i o n s .  E x a c t  c o n s i s t e n c y  c a n  be a c h i e v e d .  I n f o r m a t i o n  

f r o m  o u t s i d e  t h e  s y s t e m  c a n  be  i n c o r p o r a t e d .  F o r  i n s t a n c e  t h e  

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

h a s  b e e n  t a k e n  i n t o  a c c o u n t .  I t  is a l s o  e a s y  t o  i n c l u d e  e c o n -  

om ic  p o l i c y  m e a s u r e s .  The d i r e c t  t a x a t i o n  s y s t e m  i s  p r o p o r t i o n a l  

w i t h  r e s p e c t  t o  g r o w t h .  F i v e  r o u n d s  o f  t h e  i t e r a t i o n  h a v e  been 

shown t o  be  e n o u g h .  

I n  t h e  t a b l e  o n e  w e  h a v e  t h e  i ncome  and  o u t l a y  a c c o u n t s  i n  y e a r  

1990 a c c o r d i n g  t o  t h e  b a s i c  s c e n a r i o  o f  FMS." The s o l u t i o n  

method was  t h e  i t e r a t i v e  m e t h o d .  A a n d  B* m a t r i c e s  a r e  t h o s e  

o f  y e a r  1978.  I t  m u s t  be  s t r e s s e d  t h a t  t h e  r e s u l t s  a r e  t e n t a t i v e .  

1 )  F o r  a  d e s c r i p t i o n  o f  t h e  a s s u m p t i o n s  b e h i n d  t h e  b a s i c  
s c e n a r i o  see F o r s s e l l  - Maenp ia  - S v e n t o  ( 1 9 8 2 ) .  Some 
m i n o r  d i f f e r e n c e s  i n  t h e  p a r a m e t e r s  e x i s t  be tween  t h e  
a b o v e  m e n t i o n e d  a n d  t h e  b a s i c  s c e n a r i o  a d o p t e d  h e r e .  



T a b l e  1  : Income and  O u t l a y  A c c o u n t s  i n  y e a r  1990  

i n  t h e  b a s i c  s c e n a r i o  o f  FMS - th .mln .Fmk.  

C u r r e n t  p r i c e s  .' ) 

Current Diaburaementa 

Sector 
7 

Reg. cu r r .  t ranaf .  
Compulsory fees 
Direct taxea 
Contr lb.  t o  s0s.a.a. 
Soc.aec.benefita 
Other t rans fe rs  
Disposable income 

Consumption 
Saving 

Tot81 

t r a n s f e r  

Current Receipta 

Corporate General Non-profit Houae- 
Enterpriaea Government I na t i t u t i ona  holds 

Req. cu r r .  t ranaf .  
I nd i rec t  taxes,  net 
Direct  taxes 
Cont r ib - to  ao8.a.s. 
Soc .aec .benef i ts  
Other t ranafera  
Factor lncomea 

to t81 

Sector 

Corporate General Won-profit Houae 
Enter r i s e s  Government I ns t l t u t i ons  holds Total 

24.7  24.7 
7.5 11.3 19.0 

.O 23 -4 23.4 
11.5 3.1 3.8 19.0 

11.5 . O  - . 5  106.0 

38.5 67.5 3 .O 138.6 247.7 

1 )  The sums may l o o k  small f o r  b e i n g  c u r r e n t  p r i c e  b a s e d .  
However ,  t h e  FMS p r i c e  m o d e l  g i v e s  p r i c e s  i n  r e l a t i o n  t o  
f i x e d  wage l e v q l s .  Thus  p r i c e s  are b e l o w  o n e .  



I n  t a b l e  two  we h a v e  t h e  e f f e c t s  o n  t h e  d i s p o s a b l e  i ncome  d i s t r i -  

b u t i o n  o f  a n  2 5 % - u n i t  i n c r e a s e  i n  t h e  d i r e c t  t a x  ra te  of e n t e r p r i s e s  

a n d  h o u s e h o l d s .  

T a b l e  2. The e f f e c t s  o f  a n  2 5 % - u n i t  i n c r e a s e  o f  t h e  t a x  ra tes  

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

S e c t o r  t z - 0 . 0 5  t E + 0 . 0 5  t : -0 .05  tho +0.05 

E n t e r p r i s e s  3.7 3 .o 3.4 3.3 
Gen .gov .  26.6 27 - 3  24.0 30.0 

N o n - p r o f i t  i n s t .  -9 -9 .7 1.1 

H o u s e h o l d s  68 -8 68 -9 71.9 65.6 

100.0 100.0 100.0 100.0 

The y e a r l y  g r o w t h  r a t e s  o f  t h e  vo lume  o f  p u b l i c  c o n s u m p t i o n  i n  t h e  

a b e v e  r u n s  are 0.65, 0.94, 0.09 a n d  1.42. I n  t h e  b a s i c  s c e n a r i o  

The l o w  g r o w t h  o f  t h e  p u b l i c  s e c t o r  is d u e  t o  assumed h i g h  l e v e l  o f  

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

g o v e r n m e n t  s e r v i c e s .  
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Appendix I .  The c l a s s i f i c a t i o n  o f  t h e  t r a n s f e r s  

Requited cur rent  t r a n s f e r s  

Withdrawals from ent repreneur ia l  income 

Property income 

I n t e r e s t  

Dividends 

Other 

Net casua l t y  insurance preminiums 

Casua l ty  insurance c la ims 

Unrequited cur rent  T rans fe rs  

I n d i r e c t  t a x e s  or subs id ies  

D i rec t  t a x e s  

Compulsary f e e s  and f i n e s  and p e n a l t i e s  

Con t r i bu t i ons  t o  s o c i a l  s e c u r i t y  schemes 

The emplyers - 
The insured persons- 

Soc ia l  s e c u r i t y  b e n e f i t s  

Unfunded employee we l fa re  c o n t r i b u t i o n s ,  imputed 

Unfunded employee w e l f a r e  b e n e f i t s  

Soc ia l  a s s i s t a n c e  grants  

Other cur rent  t r a n s f e r s  

Fromlto general  government 

Fromlto o ther  domestic s e c t o r s  

Fromlto t h e  r e s t  o f  t h e  wor ld.  





MODERN INPUT-OUTPUT MODELS AS 
SIMLILATION TOOLS FOR POLICY MAKING 
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1. INTRODUCTION 

Current policy issues require economic models to play the 

role of national decision schemes (CaffS 1977, Rey 1965). Since 

the problems we face today are more complex and the policymaker's 

role more fragmented than formerly, it has become increasingly 

necessary to have a coherent scheme for forecasting and simulating 

alternative types of economic behavior. This naturally implies 

that the methodological principles underlying economic model 

building should be carefully examined. Many of the fundamental 

dichotomies assumed in the past for the sake of simplification 

appear to be inappropriate for present-day policy problems. 

The main distinction between stabilization and growth models 

is in their statistical and mathematical basis, from which it is 

easy to find a unique mathematical generating trends and a unique 

statistical cause generating fluctuations. However, when consi- 

ering these models from an economic viewpoint, it is more diffi- 

cult to find a unique cause generating trends and fluctuations 

(Hicks 1965). Such a distinction, be it explicit or implicit, 

is based on the idea that stabilization problems should be dealt 

with by short run demand-oriented models and growth problems by 

medium run supply-oriented models (Fox et. a1 1973). The ulti- 

mate implication of such a methodological approach is to neglect 



the interaction between stabilization and growth aspects, omit- 

ting a consistency criterion coordinating short- and medium-term 

policies. 

There has been a tradition of 'macro' model building in 

which the demand side is privileged. However, recent events have 

focused interest on economic variables defined in more detail 
and have emphasized the need for policies to be specified at 

a greater level of disaggregation but consistent with the 

macro level. Macro models provide information on each final 

demand component, such as imports, exports, and domestic con- 

sumption but do not describe the structure of each variable. 

Yet the sectoral composition of these components is often cru- 

cial in indicating the pattern of either technological or behav- 

ioral change in the economy. 

This issue seems to reveal the indadequacy of the concept 

of the macro-variable (Pasinetti 1975). The internal dynamics 

of such variables seem to compromise not only the very concept 

of macro-variables but also their macro inter-relations (Spaventa 

and Pasinetti 1970). Nor is the solution to be found in disag- 

gregating macro models in a nonsystematic way, such as by intro- 

ducing additional sectoral equations or splitting the macro re- 

sults by means of a given set of weights. 

To deal with these and other issues Almon (1982) proposes 

that modern input-output models be used as rational decision 

schemes for economic policy making. This implies changing the 

way of looking at the economic process. Although it does not 
mean that macro aspects of the economy should be ignored, they 

are no longer considered central to the explanation of the indi- 

vidual's economic behavior. Rather they are the result of an 

aggregation of the behavior that has been defined and simulated 

at a more detailed level, for example the level of the input- 

output sector for total output and intermediate demand, the items 

of expenditure from household budgets for final consumption, and 
the appropriate disaggregation for each particular item for the 

remaining items of final demand. 

Such a framework can be used to address a set of issues 

that are currently relevant to policymaking. In the past these 
issues were not tackled satisfactorily for a number of reasons. 



F i r s t ,  a  g r e a t  p a r t  of i n t e r e s t  was devoted t o  t h e  aggregate 

con t ro l  of expendi ture and taxa t i on .  Second, t h e r e  was a lack 

of f l e x i b l e  computing programs f o r  es t imat ing  s e c t o r a l  behaviora l  

equat ions and f o r  opera t ing  mu l t i sec to ra l  s imulat ion models. 

F ina l l y ,  t h e o r e t i c a l  advantages were no t  s o  developed t o  t ack le  

convenient ly  t h e  i n teg ra t i on  of t h e  input-output s i d e  wi th  t h e  

demand s ide .  

2.  MACROECONOMIC and INPUT-OUTPUT MODELS 

Steady progress i n  economic modeling has been s t imu la ted  

by the  inc reas ing  complexity of economic problems. For some 

time a n a l y t i c a l  t o o l s  have been developed independent ly i n  two 

methodological frameworks: input-output models and macroeconomic 

models. 

T rad i t i ona l  input-output models have in f luenced the  f i e l d  

of app l ied  modeling i n  two ways. F i r s t ,  they have s t ressed  t h e  

need t o  r e f e r  t o  t he  economic system by means of d e t a i l e d  ca te-  

go r i es .  For such a purpose the  producing s e c t o r  i s  def ined a s  a 

component of t he  system having a homogeneous ou tpu t  f o r  a  given 

technology. Second, they made it c l e a r  t h a t  product ion must 

s a t i s f y  n o t  only f i n a l  demand bu t  a l s o  in termediate demand, 

which can be i d e n t i f i e d  when the  techn i ca l  c o e f f i c i e n t s  (such a s  

those i nd i ca t i ng  the  in termediate demand f o r  the outpu t  of a  cer- 

t a i n  s e c t o r )  have been def ined.  The main con t r i bu t i on  of t r a -  

d i t i o n a l  input-output models is  t h a t  they a l low t h e  l i s t  of 

f i n a l  demands t o  be transformed i n t o  a vec tor  of s e c t o r a l  out-  

pu ts .  

Given a vec tor  x  represent ing  n ou tpu ts ,  a  vec tor  f  repre- 

sen t i ng  the  l i s t  m of f i n a l  demands and a (n  x  n )  matr ix  A of 

t echn i ca l  c o e f f i c i e n t s ,  t he  problem of t he  supply/demand e q u i l i -  

brium is  solved by f i nd ing  a value of vec tor  x  such t h a t  t h e  f o l -  

lowing r e l a t i o n  i s  f u l f i l l e d :  



the coefficients aij were traditionally considered as constants. 

Less importance has been devoted to the vector f of final 

demand. It represents the total final demand for the specific 

good produced by each sector. Thus, the disaggregation of the 

final demand components, in general, does not allow their behav- 

ioral functions to be adequately specified. 

Conversely, macro models have completely ignored the inter- 

industrial aspects since they emphasize Gross Domestic Product 

only. Nevertheless, they were able to specify the behavirol 

functions for each demand component with great accuracy. 

The supply-demand equilibrium macro-relation is represented 

by: 

where Y represents GDP (Siesto 1977) , C ( - 1  is the consumption 

function, I ( * I  is the investment function, G(.) is public expen- 

diture, and X(.) and M(*) are exports and imports, respectively. 

Each final demand component is explained by a set of variables, 

denoted by (a ) ,  among which Y may also appear. The only point 

of intersection between the two schemes is: 

The points of contact between the two approaches have steadily 

increased and in particular input-output models have begun to ex- 

plain the final demand formation process without compromising 

on the multisectoral approach. 

The Interindustrial Italian Model--1NTIMO (Ciaschini and Gras- 

sini 1981)--is a modern input-output model of the INFORUM family 



(Almon 1974 and 1981, Young and Almon 1978, Nyhus 1981). The final 

demand components are explained by behavioral equations econo- 

metrically estimated. Each final demand component is explained 

at a level of disaggregation which allows for a correct speci- 

fication of the sectoral demand functions. The disaggregated 

consumption vector is composed of nl expenditure items accord- 

ing to the items appearing in the household budget accounts. 

In fact, the effects of the consumer's behavior through those 

items can be correctly observed. Investments (F2) are explained 

in terms of the n2 investing industries, and so on for the re- 

maining components of final demand. In this way we obtain: 

where F1 is the vector of disaggregated consumption functions, 

F2 is the vector of disaggregated investments, and so on up to 

the kth component of final demand. 

The multisectoral supply-demand relation is to be fulfilled 

at the input-output level. We therefore need to transform con- 

sistently the F1,  ..., Fk demand vector and to do so we make use 

of bridge matrices Bl (t) - Bk (t) such that 



The B matr ices  express the  consis tency between the  input-output 

accounts and t h e  f i n a l  demand accounts. I n  t h i s  model the  e q u i l i -  

brium r e l a t i o n  analogous t o  (1) and (2)  i s  given by : 

where 

Equation (7 )  shows the s imu l tane i ty  i n  t he  s imulat ion of 

the  model. The B1, ..., Bk br idge matr ices a l low t h e  purchasing 
s e c t o r s  t o  be connected t o  t h e  producing sec to rs .  The supply 

demand equat ion is  solved a t  t he  input-output l e v e l .  This  means 

t h a t  we can ob ta in  t h e  so lu t i on  f o r  f i n a l  demand according t o  t he  

purchasing s e c t o r s  and t o  t h e  input-output sec to rs .  While t h e  

f i r s t  r e s u l t  al lows a change i n  t h e  demand s t r u c t u r e  t o  be ana- 

lyzed e f f e c t i v e l y ,  t h e  o the r  prov ides information on t h e  d e s t i -  

na t ion  of output  a t  t h e  input-output l e v e l .  

Cl1...,Ck matrices represent  t h e  parametr ic  s t r u c t u r e ,  

econometr ica l ly  est imated,  of t h e  simultaneous r e l a t i o n s h i p  be- 

tween t h e  f i n a l  demand vec to rs  and s e c t o r a l  output .  Equation 

(8)  shows the  lagged e f f e c t  and equat ion (9 )  t h e  exogenous va r i -  

a b l e  e f f e c t .  



Such is the logical scheme that connects matrices and vari- 

ables within the model. We now give a detailed example of how 

demand functions are introduced in the input-output structure, 

of the type of a p r i o r i  information that can be provided for the 

model, and of the type of result that can be expected. 

3. THE INTEGRATION OF DEMAND: THE ROLE OF INVESTMENT FUNCTIONS 

The integration of interindustrial and demand aspects, 

achieved by means of equation (71, enables us to construct a 

flow table between the intermediate and final sectors that is much 

richer in information than traditional flow tables (Ciaschini 1 9 8 2 ;  

M . Grassini 1932; and L. Grassini 1 9 8 1  ) . Table 1  presents the 

flow table for the INTIMO model. 

Table 1 .  The flow table for the INTIMO model. 

Each row of the table referes to a product of the input-output 

list and each column refers to a purchasing sector. Such sec- 
tors, summing to 1 1 4 ,  are specified as in Table 2 .  

A 

INTERHE- 

DIATE 
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Table 2. The flow table for the INTIMO model: purchasing 
sectors. 

MATRIX PURCHASING SECTOR CONTENT 

A 4 4 Intermediate demands 

Expenditure items in house- 
hold budgets 

2 3 Investment by investing 
sector 

D 1 Inventory change 

Public administration and 
private social institution 
expenditures: 

1. Health 

2. Education 

3. Other public 
expenditures 

4. Private institutions 

F 1 Imports 

G 1 Exports 

Table 2 shows the type of item for which the INTIMO model 

produces information for each year along the time horizon. The 

computational algorithm constructs such tables by solving equa- 

tion (7) iteratively. A given output vector for the input-output 

sectors is transformed into a vector of total output consistent 

with final demand equations x. With such a vector and with a 

vector of exogenous variables y, the set of final demand vectors 

Fir i = 1, ..., k is determined. These demands are transformed 

into the input-output demand vectors f,, ..., fk. Then, using 

the technical coefficients, we can determine the new vector of 

total output GIO. If significant differences are found between 
A 

the vectors xIO and xIO, the procdure is repeated. Within such 

a loop there exists a further loop that determines the total 

output vector given the final demand vector. 



Intermediate and final demand can be determined simultane- 

ously on the basis of total output because some final demand equa- 

tions, such as the investment equations, show total output among 

their arguments. The logical scheme of such a process is shown 

in Figure 1.  The sectoral investment function used is the follow- 

ing. Total investment I is given by expansion investment V and 

substitution investment S, so that 

Substitution investment is given by a replacement rate that is 

r times the capital stock K .  

where the capital stock K is determined as the capital-output 

ratio k times the smooth output B: 

FINAL DEMANDS 

T I R R  

R U S S  

N 

X AGGR x -- - 
-- 

Figure 1. Scheme of the simulation procedure. 



Expansion investment is equal to the capital-output ratio k times 

a distributed lag on changes in output: 

where 

The sectoral investment function is then given by: 

n 
I~ = rkh + k 1 w ~ Q ~ - ~  

i= 1 

At this stage the capital cost is not considered within the argu- 

ments of the sectoral investment functions. Even if such an 
element were to be taken into consideration, we do not have avail- 

able reliable sectoral data on such a variable. Given the limited 

length of the variable series, the hypothesis of equality between 

the marginal and the average capital-output ratio was preferred 

to a more elaborate one. 

In the estimation 

and 

where w2 is not estimated but calculated according to: 

The sectoral investment function estimated for 23 investing indus- 

tries is then given by: 



The statistical data base for the regression is given by: 

1.  Investment by producing and investing sectors 

for 23 investing sectors from 1970 to 1979 in 

constant and current prices (ISTAT 1970- 1980). 

2. Total output for 44 input-output sectors from 

1966 to 1979 determined on the basis of the 

industrial production index and services'. 

value only. 

The relation (18) was imposed on available data, assuming a 

replacement rate of 10 percent and a distributed lag of the third 

and fourth order. The results obtained are summar- 

rized in Tables 3 and 4. The estimation was performed earlier 

(Ciaschini 1981 ) , but has been repeated since better information 

on total output prior to 1970 for the industrial sectors is now 

available. The goodness-of-fit, in terms of the average absolute 

percentage error (AAPE), is slightly better in the 4 period lag 

estimation. However, in such a case the percentage of negative wi 

is higher. Some sectoral functions show a reasonable fit. For 

one third of the sector the AAPE is less than 10 percent, in the 

second third it is between 10 and 20 percent and in the final third 

it is greater than 20 percent. All the capital-output ratios show 

a standard error that makes the estimation look reasonable on sta- 

tistical grounds, but in at least one third of the wi estimations 

the capital-output ratio seems to be too low. 

Additional estimations were performed allowing the value 

of r to vary parametrically. The results relating to the good- 
ness-of-fit in terms of the AAPE are shown in Table 5. 

The 23 sectoral investment equations are an example of how 

a final demand component was introduced consistently in an input- 

output scheme. For the remaining items of final demand see 

Ciaschini and Grassini (1982) and Alessandroni (1981). 

4. EXOGENOUS INFORMATION 

Having introduced the final demand components into the input- 

output structure (Almon 1979, Nyhus and Almon 19771, we need to 

define how the model deals with external information. 

From a system's viewpoint external inputs may affect the 
- - exogenous variables, 

-- endogenous variables, 

- - parametric structure of the model. 
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With respect to the exogenous variables, this consists mainly in 

defining the trajectories of a set of exogenously determined 

variables either as being under the control of a decision maker 

or as being outside the set of variables the model can influence. 

In this sense they constitute the traditional exogenous variables, 

i.e. instruments and data, of the policy problem (Tinbergen 1 9 5 2 ) .  

The effects on the endogenous variables consist in the pos- 

sibility of substituting the simulated values with observations. 

This turns out to be particularly useful for the forecasting 

period that starts with the base year, i.e., the year in which 

the forecast begins. As we approach the current year from the 

base year, the available statistical data become gradually less 

numerous. Thus, the statistical data covering the current year 

is incomplete. 

For all such periods of the forecasting horizon, the model 

takes the observed values and simulates those values for which 

there are no statistical data. Only the total output vector 

cannot be imposed on the observed values but should be simulated. 

Thus, the initial values for the endogenous variables are always 

the most recent ones. If there are no data available for a par- 

ticular variable, it is simulated according to the most recent 

observations on the other variables. 

The effect of exogenous information on the parameter struc- 

ture allows for a time-change in the technological coefficients 

and bridge-matrices. This is possible because of the flexibility 

of the computing routines, which enables us to include time-vary- 

ing technological coefficients. The trajectories of w e s i n  the 

exogenous coefficients can be forecasted and imposed on the model. 

For this purpose we can assume that technological coefficient C 

varies over time so that the present change is proportional, 

together with constant b, to the distance between the actual 

value of C and a given constant value a. In algebraic terms: 



which admits as a solution the logistic curve 

where A is an integration constant. 

For estimation purposes, equation (20) can be written as 

a 
log (4-1)  = log A - bat, if - > 1 

Ct Ct - 

a a log ( I - - )  = log ( -A) - bat, if - 5 1 . 
Ct Ct 

Equation (20) is used for coefficients with increasing values, 

whereas equation (21) is used for those with declining values. 

Unfortunately, we have only one flow matrix for interme- 

diate goods. We therefore apply (20) and (21) to a complete 

row of the matrix rather than to each coefficient. In this 

way we are able to identify the dependepent variable Cit 
as an index that shows the volume of intermediate goods pro- 

vided by a sector for the whole economy as a percentage of 

the total volume of intermediate goods produced by that sector 

where 

Such a method of introducing changes in the coefficients is not 

exhaustive because the price substutution effect on intermediate 

goods is neglected. This effect can be dealt with by means of 

Leontief generalized production function (Dewiert 19711, once 

the price formation process has been modeled. Work on this as- 

pect of the model, which is underway (Ciaschini 1982), is based 

on Belzer (1978). 



The effects of the exogenous information considered above 

can be classified (Figure 2) in relation to economic policy 

according to: 

( 1 )  assumptions, 

(2) demand controls, 

( 3 )  structural hypothesis, 

(4) forecasting hypothesis. 

-1 I FINAL DEMAND 1 

INTERMEDIATE I 
DEMAND 

0 

Q ~ o m e s t i c  P r i c e s  

@ ~ x c h a n ~ e  R a t e s  

@ ~ x p o r t  P r i c e s  

Q w o r l d  Demand 

Figure 2. The impact of exogenous information. 



The assumptions are represented by the set of variables 

that makes the output section of the model independent of the 

price and income side. If the former operates autonomously, we 

have to specify the trends in domestic prices 0, and in dispos- 

able income @. We have also to forecast the labor force @. 
The demand controls mainly relate to simulation of the 

effects of different public expenditure paths 0. The dispos- 

able income trajectory can also be used in simulating different 

trends in taxation. 

The structural hypothesis allows exogenous changes in the 

elements of the intermediate coefficients @ and in the bridge 

matrices @ to be taken into account in the model. 

The forecasting hypothesis allows us to include in the 

model information on the exchange rate 0, the vector of 

international prices for competing exports @, and world demand 

@. 
All this exogenous information enables us to formulate a 

detailed scenario which forms the basis of the forecast. The 

results obtained are thus a function of the scenario that has 

been chosen. 

5. INFORMATION PRODUCED BY THE MODEL 

The exogenous inputs affect the macro and sectoral varia- 

bles in the model. Having defined a base scenario that takes 

into account the hypothesis of change in the technological 

structure of the economic system by means of (20) and (21) 

and a trajectory of energy demands consistent with the national 

energy plan, we obtained the macro results shown in Table 6. 

This table presents the forecasts of the macro variables in 

the supply-demand equation for a 10-year period together with 

the associated macro assumptions. 

We should stress that these macro results have been obtained 

using a procedure that aggregates the sectoral results. First, 

the sectoral forecasts are obtained; they are then aggregated 

into the macro variables. This process is dependent on the model 
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operating at the sectoral level without the assistance of the 

macro part that 'drives' it. 

The unemployment variable is the result of the difference 

between the labor force forecast, which is exogenously given, 

and total employed. Such a variable provides a first check at 

the macro level of the consistency of the model inputs. 

A detailed analysis of the results produced in sumulations 

(see Tables 6 and 7), thus showing the results on tht-ee different 

levels: the macro level, the purchasing sector, snd the sellimg sector. 

The forecasting method using the scenario approach not only 

enables us to evaluate the effects of exogenous inputs on the 

set of specific trajectories, it also allows us to take full ad- 

vantage of the information generated by comparing the results of 

various scenario hypotheses. Table 7 presents the macro results 

of the 'base' scenario plus scenarios ALT 1 and ALT 2. 

In ALT 1 the energy hypothesis was maintained while assum- 

ing a constant technological structure. In ALT 2 the technical 

coefficient change was maintained while dropping the energy hypo- 

thesis. 

Table 7 summarizes the results obtained from the three 

scenarios and compares the average growth rates for the aggre- 

gated results over the periods 1985- 1990 and 1975- 1990. 

Note that the average growth rate in consumption and total exports 

is the same in all three simulations. This is because in the 

model consumption depends on disposable income and relative domes- 

tic price trend assumptions, which were kept the same for all the 

simulations. The effects of prices on the consumption structure 

can be simulated when the price side of the model is complete. 

The interaction between output and prices can thus be adequately 

taken into account. Exports depend on the forecasting hypothesis 

related to the exchange rate, world demand, and the vector of 

international prices for competing exports, which were also kept 

the same for all three simulations. The average growth rate of 

Gross Domestic Product throughout the forecasted period is almost 
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identical in all three simulations. Such a growth rate is com- 

patible with the different unemployment growth rates of the three 

scenarios and is explained by the fact that the sectoral struc- 

ture of total output appears to be significantly more important 

than GDP in determining employment through productivity equa- 

tions. 

The sectoral results show the grcwth rates for sector outplt, qloyment, 

consumption and invesbnent. The ccnrplete set of such tables is of par- 

ticular interest for policy forecasting since it describes the 

growth in the sectoral structure of the most relevant economic 

variables. These results can also be used for defining new 

scenarios and for verifying the consistency of those already 

defined. The tables indicate how the dynamics of the macro 

variables sectoral composition affects both their structure and 

level. By measuring the time change in the sectoral composition 

of the relevant economic variables, we are able to evaluate the 

simultaneous effect of changes in the technological and behav- 

ioral structure of the given economic system. This is one of 

the main issues of pres.ent-day policy making. 

6. CONCLUSIONS 

In recent years economic policy problems have outgrown 

the instruments designed to support the policy makers's acti- 

vity. Modern input-output models constitute an attempt to 

provide schemes for dealing with such problems. 

The applications that can be made of the theoretical results 

obtained go through two main stages: (i) the integration of the 

input-output side of the model with the demand side so that sec- 

toral demand equations can be consistently specified in the real 

part of the model, and (ii) the formulation of the price side of 

the model so that all information on sectoral prices and value 

added components can be conveniently exploited. 



In this paper some characteristics of a real part of a 

modern input-output model for Italy have been described and 

some results of the simulations presented. In particular it 

has been shown how a simple investment theory was used for 

estimating sectoral investment functions and under which assump- 

tions the input-output technical coefficients were made to change 

according to forecasted patterns. 

A price side is also being developed for the Italian eco- 

nomy so that the relative price vectors shall be simulated 

simultaneously with the remaining endogeneous variables. This 

shall improve the effectiveness of the whole scheme; for example, 

in the case of the price substitution effect on technical coef- 

ficients, the availability of a price side is essential for the 

endogenous determination of the coefficient change. 

The theoretical and applicative improvements that can be 

attained are heavily influenced by the quality and coherence 

of the statistical data available. An increasing effort is 

required to the data sources in order that a greater quantity 

of information on input-output data, as well as sectoral demands 

be provided in a greater detail and with an higher degree of 

coherence. 
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THE PRICE-INCOME BLOCK OF THE US INFORUM MODEL 

Clopper Almon 
Department o f  Economics, University of Maryland, College Park, Maryland, USA 

The income side of  the  US INFORUM model has progressed s u b s t a n t i a l l y  i n  t h e  Last 
year. The model n w  includes as standard output: - Value-added a t  the  l e v e l  o f  42 industr ies.  

This value added fu r the r  subdivided among: 
labor income 
cap i t a l  income 
i n d i r e c t  business taxes 

the  c a p i t a l  income i s  f u r t h e r  d iv ided among 
corporate p r o f i t s  
net i n t e r e s t  
deprec ia t ion  
p rop r i e to r  income 
inventory  va luat ion  adjustment - Prices consistent u i t h  t h i s  value added 

- N a t i o n a l  income and p roduc t  accounts uhich summarize the  value added data and, 
u i t h  a feu  adjustments computed a t  the macro level, shou the connection between 
GNP, n e t  nat iona l  product, na t iona l  income, personal income, disposable income, 
savings and consumption. - Goverment rece ip ts  and expenditures, i n  the same d e t a i l  as shwn  i n  the  nat iona l  
accounts. The Federal and the State and Local l e v e l s  o f  government a r e  shoun 
separately. - I n te res t  rates. 

Samples o f  some of  the  tab les  nou produced are shoun i n  the  appendix o f  t h i s  paper. 
I n  t h i s  paper, I uant, i n  t h e  f i r s t  place, t o  make a feu observations on income 

-side modeling uh ich  may prove he lp fu l  t o  others undertaking such uork.  These remarks 
u i l l  concern b o t h  t h e  account ing  frameuork and the s t ruc tua l  equations. Secondly, I 
uant t o  shou a feu s imulat ions u i t h  the present model. 

The Accounf j nq  Frameyg~k - -------- 
I n  the USA Inforum model, as i n  i t s  cousins elseuhere, both the rous and columns of  

the 1-0 mat r ix  are def ined on the basis o f  products. A s ing le  number f o r  value added i s  
ava i l ab le  f o r  each product f o r  the  year of the  table. There is, houever, no t ime ser ies  
f o r  t h i  s value-added-by-product data, nor i s  there  any subd iv is ion  o f  t h i s  value added 
among types o f  income such as uages, pro f i ts ,  interest ,  dep rec ia t i on ,  i n d i r e c t  taxes, 
and so on. There is,  houever, in format ion ,  known i n  the  USA as the  "GPO data," t h a t  
g ives annual t ime ser ies  f o r  value added i n  62 industr ies,  each d i v i d e d  among some 13  
t ypes  o f  income. These s e r i e s  a r e  produced by t h e  same o f f i c e  t h a t  produces t h e  
Nat ional  Income and Product Accounts (NIPA), and they  a r e  c o n s i s t e n t  u i t h  t h e  income 
s i d e  o f  t h e  NIPA. The 62 i ndus t r i es  are def ined on the basis o f  establishments -- not 
companies, f o r t u n a t e l y  -- b u t  a l s o  n o t  products,  a las.  The sum o f  t h e  GPO i s  n o t  
p r e c i s e l y  GNP b u t  d i f f e r s  f rom i t  by the s t a t i s t i c a l  discrepancy, DN, reported i n  the  
NIPA thus: 

GNP = GPO + DN. 
These GPO data na tu ra l l y  form the bas is  o f  our income modelling. The b u i l d e r s  o f  

t h e  1-0 matrix, houever, d i d  not  provide a br idge t o  the  GPO. Ue have had t o  make t h a t  
br idge ourselves. F i rs t ,  ue made use of  the "mix" o r  "secondary" m a t r i x  i n c l u d e d  as 
p a r t  o f  t he  1-0 m a t r i x  t o  a l l o c a t e  products t o  industr ies.  Then ue undid a number of  
" rede f i n i t i ons "  made by t h e  makers o f  t h e  1-0 t ab le .  ( C o n s t r u c t i o n  a c t i v i t i e s  o f  



i n d u s t r i a l  es tab l ishments ,  f o r  example, had been " rede f i ned "  i n t o  the  const ruc t ion  
industry.  Ye put them back u i t h  t h e i r  establishments.) Yhen a l l  t h e  a l l o c a t i o n s  u e r e  
done, some GPO i n d u s t r i e s  had rece i ved  t o o  much, some t o o  L i t t l e .  Suppose, as has 
recent ly  been the case, t h a t  the s t a t i s t i c a l  discrepancy, DN, i s  negative so t h a t  GNP < 
GPO. Then the t o t a l  a l l oca t i ons  o f  products u i l l  be Less than t o t a l  GPO. Ye then Look 
a t  eve ry  GPO i n d u s t r y  uh i ch  has had f ~ ~ , ~ g & h  a l l o c a t e d  t o  i t  and move t h e  excess 
a l l o c a t i o n s  t o  some s im i l a r ,  p l a u s i b l e  indust ry  uhich i s  shor t  on al locat ions.  This 
rea l l oca t i on  i s  done by judgment, not algorithm. A f te r  i t  i s  completed, no GPO indust ry  
has t o o  much a l located t o  it, though a  number have t o o  L i t t l e ,  and t h e  sum o f  these 
s h o r t f a l l s  i s  e x a c t l y  DN. I n  t h i s  uay, i n  the  course o f  making the product-industry 
bridge, ue f i n d  out uhich i ndus t r i es  "make" s t a t i s t i c a l  discrepancy. 

I n  fact, our task was s l i g h t l y  more complicated. I n  the  course of making our  1977 
update o f  t h e  1972 tab le ,  i t  became apparent t ha t  the de ta i l ed  components o f  Personal 
Consumption Expenditure i n  t h e  NIPA u e r e  i n c o n s i s t e n t  u i t h  product ion ,  export, and 
i m p o r t  d a t a  on numerous products. (The NIPA s t a t i s t i c i a n s  refuse t o  use these data.) 
The same uas t rue  of  Producer durable equipment. Sune o f  the d i f fe rences are p o s i t i v e ,  
some negat ive,  bu t  they do not cancel out exactly. I n  fact, they made the s t a t i s t i c a l  
discrepancy somewhat worse. Ye balanced the 1977 tab le  t o  our f i n a l  demands, so the  sum 
of the value added by product summed t o  our GNP, not the  o f f i c i a l  one. The s t a t i s t i c a l  
d i sc repancy  a l l o c a t e d  as descr ibed above uas there fore  the  d i f f e rence  betueen GPO and 
our GNP. 

Figure 1  shous schematically the accounting fraaeuork. A L L  0 ' s  i n  the f i g u r e  are 0  
by de f i n i t i on .  Note the  tuo columns o f  s t a t i s t i c a l  discrepancy, t h e  one on t h e  r i g h t  
c o n t a i n i n g  the negative o f  NIPA discrepancy i n  the  discrepancy rou. The one beside it, 
DI, shous the INFORUM discrepancies; t h e  e n t r y  i n  i t s  d i sc repancy  rou  ba lances t h e  
others t o  g i ve  the  e n t i r e  column a  zero t o t a l .  

I n  f o recas t i ng ,  t h e  GNP column i s  f o r e c a s t  i n  constant prices; the D I  column, 
except f o r  the Last element, i s  der ived f r a n  the consumption and investment p o r t i o n s  o f  
t h e  GNP column, a l s o  i n  constant  p r i ces .  The Last element i s  calculated t o  make the 
columns sum t o  zero i n  constant prices. The NIPA discrepancy i s  s p e c i f i e d  exogenously 
i n  cons tan t  p r i ces .  Then the outputs are calculated i n  constant prices. For each GPO 
industry, these outputs a r e  t hen  u e i g h t e d  t o g e t h e r  by t h e  f r a c t i o n  o f  each o f  them 
a l located t o  t ha t  indust ry  i n  the base year. This ueighted sum we c a l l  r ea l  value added 
u e i g h t e d  ou tpu t  (REVAYO) o f  t he  industry.  The REVAYO f o r  a  GPO indust ry  then becomes 
one of  the major determinants o f  income i n  t h e  i n d u s t r y .  Th i s  t o t a l  income i s  t h e n  
a l located back t o  products in-e~_opQLfion t o  ~ g & h ~ e f _ o d ~ c t ' s  contfiButi_on-t~--REVAYO of the 
i n d y a f ~ y  i n  the year being forecast. Frm these va lues  added by product, V, c u r r e n t  
prices, p, are computed by the equation 

p = p A + v  
where A i s  the usual 1-0 coe f f i c i en t  matrix, and 

v .  = v . /q .  
the q. bein;  t h b  p lev ious l y  calculated product outputs i n  base-year prices. (See below 
f o r  tAe complications introduced by imports.) I n  par t icu lar ,  a  current p r i ce  i s  der ived 
f o r  s t a t i s t i c a l  discrepancy. The va lue  o f  t h e  e n t i r e  D I  column a t  these p r i c e s  -- 
remember i t  sums t o  t o  ze ro  i n  base year pr ices  -- when added t o  the  value of the GNP 
and -DN columns i n  c u r r e n t  p r i c e s  g i v e s  GPO i n  c u r r e n t  p r i ces .  The " s t a t i s t i c a l  
discrepancy" i n  the forecast i s  there fore  DN - DI,  both i n  current prices. 

This Last asser t ion  makes uses o f  the cornerstone theorem o f  input-output model l ing 
u i t h  va lue added and prices. It i s  simple and obvious, but perhaps needs t o  be stated. 
Suppose that  we k n w  the  v e c t o r  o f  f i n a l  demands, say y, i n  some jumping-o f f  year, 
p r e s e n t l y  1981. Th is  y  i s  expressed, houever, i n  p r i ces  of  1977, the base year of the  
table.  Suppose fu r the r  tha t  we know the t o t a l  value-added i n  each sector,  V i ,  i n  1981 
i n  c u r r e n t  prices. F i n a l l y  suppose t h a t  'ti V i  = GNP i n  1981 prices. Jf, u i t h  some o l d  
A mat r ix ,  no m a t t e r  how wrong o r  out-of-date, we compute outputs,  q, by s o l v i n g  
q  = Aq + y  and u i t h  these q's compute u n i t  value-added i n  each industry, vi = Vi/qi, and 
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then compute pr ices  by solv ing 
p = p A + v  

(uhere p and v are rou vectors) $hgp uhen these pr ices  are used t o  evaluate y, the f i n a l  
demand vector, the t o t a l  value, py, m i l l  be exact ly  GNP. The proof i s  very simple: 

q = Aq + q ==> pq = pAq + py 
p = pA + v ==> pq = pAq + vq 
so py = vq = V. = GNP. 

I t  must be emphasized thd t  the propos i t ion  i n  no uay depends upon having the cor rec t  A 
matrix, y vector, or v vector. Any d i s p a r i t y  found between GNP c a l c u l a t e d  from t h e  
income s i d e  and GNP calculated from the product side cannot be a t t r i b u t e d  t o  bad data, 
but  only t o  f a u l t y  computation. This f ac t  l ed  t o  the  uncover ing  o f  seve ra l  e r r o r s  i n  
our programming. 

On t h e  o t h e r  hand, i t  i s  important t o  r e a l i z e  uhat t h i s  propos i t ion  does not say. 
Suppose the y vector i s  subdivided i n t o  a consumption vec to r  yC, an investment  v e c t o r  
yI, and a government v e c t o r  yG. Suppose ue knou these vectors p e r f e c t l y  and a lso  the 
c u r r e n t  p r i c e  amounts f o r  these components o f  GNP, C, I, and G. We a re  gqf t h e n  
guaranteed t h a t  

pyc = C or pyx = I or  py =G, 
only t ha t  pyc  + p y x  + pyG = C + I ~ +  G. That is, the current p r i ce  values calculated by 
the model f o r  the components o f  GNP m i l l  not, i n  general, be correct. 

Our treatment o f  t h i s  problem i s  cosmetic: ca l cu la te  C - pyC f o r  1981, add t h i s  
amount t o  py t o  g e t  C i n  1981 j p d - ~ g ~ ~ ~ g g g p f  years. Thus, ue take the constant p r i ce  
accounts as fhdamenta l  and simply "touch-up" t h e  c u r r e n t  accounts t o  have them f i t  
smoothly u i t h  the published accounts o f  the jumping-off year. 

There are, i n  practice, tuo complications t o  t h i s  cornerstone proposi t ion.  One ue 
have a l ready  discussed, t h e  s t a t i  s t i  ca t  d i s c r e p a n c y .  The second i s  i m p o r t s .  
INFORUM-type models u s u a l l y  have a nega t i ve  vector,  -m, o f  i m p o r t s  f o r  a l l  uses. 
Conceptually, a t  Least, ue can d i v i d e  t h e  A m a t r i x  i n t o  a domest ic par t ,  D, and an 
imported part, M. Let us continue t o  use y t o  represent f i n a l  demands f o r  both imported 
and domest ic p roduc ts  i n  p r i ce  o f  the base year o f  the table; q t o  represent domestic 
output i n  base year pr ices;  p, t h e  i ndex  o f  domest ic p r i ces ;  and f, t h e  i ndex  o f  



f o r e i g n  p r i ces .  The p and f indexes a r e  b o t h  equa l  t o  1.0 i n  the  base year of the  
table. Then q s a t i s f i e s  

q = D q + M q + y - m  
and p s a t i s f i e s  

p = p D + f l l + v  
Pre-multiplying t he  f i r s t  o f  these equations by p and pos t -mu l t i p l y i ng  t h e  second 

by q g ives  
pq = P D ~  + pllq + PY - ppl 
pq = pDq + fMq + vq 

or  
vq = PY + PW - fMq - Pm 

= p(y - (m  - Mq)) - f l lq 
I n  uords, t h i s  equation reads 

GNP on income s i d e  = va lue a t  domestic pr ices  o f  f i n a l  demand f o r  domestic goods 
less  value a t  f o re ign  pr ices  o f  imported goods. 

For the USA, no M matr ix exists; ue assume that, across a p a r t i c u l a r  rou, i m p a r t s  
a re  t h e  same share o f  a l l  f l w s .  I f  ue arrange these shares i n  a diagonal matr ix S, ue 
can u r i t e  

imports i n  f i n a l  demand = (m  - Mq) = Sy 
vq = p(y - Sy) - f ( m  - Sy) 

= (p (I- S) + fS)y - f m  
I n  uords, t h i s  equation says 

GNP f r a n  income side = t o t a l  f i n a l  demands evaluated a t  the average of f o r e i g n  and 
domest ic p r i c e s  As95 t h e  va lue  o f  a l l  imports i n  fo re ign 
prices. 

That a l l  seems obv ious enough i n  re t rospect ,  bu t  I must confess t h a t  ue i n i t i a l l y  
eva lua ted  y i n  domestic pr ices  and subtracted m evaluated i n  fo re ign prices. I n  fact, 
t h i s  uhole discussion seems simple i n  retrospect, but i t  cost us much labor t o  work ou t  
t h e  scheme and ge t  i t  programmed c o r r e c t l y .  T r u t h  t o  t e l l ,  I ' m  not pos i t i ve  i t  i s  
correct  yet. 

Iha-Erincieal-Shrratref i 5 r i s - - o f  - f ha-Ios~ns-Sidr 
Before  s e t t i n g  ou t  t o  e s t i m a t e  a complex econanic model, i t  i s  important t o  have 

f a i r l y  c l ea r l y  i n  mind uhat  broad r e l a t i o n s  need t o  be preserved i n  t h e  f o recas ts .  
Otheruise, i t  i s  easy t o  get Lost i n  the search f o r  i n d i v i d u a l l y  close f i t t i n g  equations 
and come up u i t h  a ~ Q i - ~ g f i  of equations uhich f a i l  t o  uork u e l l  together. Here i s  my 
personal l i s t  o f  the re la t i ons  uhich need t o  be preservered and sane account o f  how ue 
have gone about assuring t h a t  they are. 

1. The model must be able t o  t rack  grouth of the Labor force. Over Long periods, 
most market economies do a remarkably good j o b  o f  p r o v i d i n g  uork  f o r  those uho a r e  
q u a l i f i e d  f o r  and seek ing employment. Yet our  model, L i ke  most others, determines 
employment from demand. I f  the model i s  t o  f o l l o u  the g r o u t h  o f  t h e  Labor force,  any 
unemployment u h i c h  develops must somehou s t imula te  aggregate demand. Nou i n  the f i r s t  
place,unemployment holds doun the grouth i n  uage rates, and t h a t  i s  an in f luence i n  t h e  
urong d i r e c t i o n .  What counters  the  perverse inf luence? I n  the f i r s t  place, personal 
savings are s e n s i t i v e  t o  unemployment. Increases i n  unemployment reduce savings, 
presumably because the unemployed are drauing doun t h e i r  savings. The rec iproca l  of the 
unemployment r a t e  appears i n  the savings equation, so there i s  l i t t l e  chance tha t  the 
model u i l l  "overheat" and d r i v e  unemployment negative, a frequent occurance b e f o r e  t h e  
r e c i p r o c a l  uas used i n  t h e  equat ion .  Secondly, t h i s  same rec iproca l  of unemployment 
appears i n  the  re tu rn  t o  cap i t a l  equations. Here, an increase i n  unemployment reduces 
r e t u r n  t o  c a p i t a l  and, i n  p a r t i c u l a r ,  p r o f i t s .  This reduct ion holds doun pr ices  and 
increases purchasing power of uages and o t h e r  income. Only a sma l l  p a r t  o f  p r o f  i t s  
f i n d s  i t s  uay i n t o  disposable income, so the reduct ion i n  pr ices  st imulates demand more 
than the reduct ion i n  dividends a f t e r  tax cu r ta i  1s it. Final ly,  increases i n  unemploy- 
ment increase unemployment insurance payments. This e f f ec t  i s  usefu l  mainly on the doun 



side; i t  u i l l  not prevent the economy from going i n t o  negative unemployment. 
I shou here only the  savings equation, uhich appears as Figure 2. It includes one- 

and t u e  year Lags on the rec iproca l  o f  the unemployment rate. I n  addit ion, the cube o f  
t h e  r a t e  o f  chance o f  d isposab le  income per cap i ta  has a marked s t a b i l i z i n g  e f f e c t  i n  
the  current year. The r a t i o  o f  t r ans fe rs  t o  disposable income shous t h a t  Less sav ings 
a r e  done f rom t h i s  source o f  income. F i n a l l y ,  t h e  r a t i o  o f  automobile purchases t o  
disposable inccme i s  a very strong variable; i t  shous t h a t  consumers do n o t  cons ide r  
au tomob i l e  purchases t o  be p r imar i l y  consumption, but  ra ther  a sn i t ch  fror one k ind  o f  
asset t o  another. 

2. lbney supply, measured by R, must somehou feed i n t o  p r i ces  i n  such a uay t h a t  
t h e  r a t i o  o f  M2IGNP remains about constant. (This r a t i o  i s  nou about what i t  has been 
f o r  the Last tuenty-f ive years.) Moreover, r e l a t i v e  uages should not  be a f fec ted i n  the  
long-run by i n f l a t i o n .  I n  order t o  achieve the second c h a r a c t e r i s t i c ,  a s i n g l e  b a s i c  
e q u a t i o n  i s  es t ima ted  f o r  manufacturing, then a second one, f o r  norrmanufacturing, i s  
estimated under the  const ra in t  t h a t  i t s  index can d e v i a t e  f rom t h a t  o f  manufac tur ing  
o n l y  by t r a n s i e n t  f a c t o r s .  Simi lar ly,  uage ra tes  i n  each indust ry  are then estimated 
r e l a t i v e  t o  one o f  these tuo. And again, on ly  t rans ient  f ac to rs ,  such as t h e  r a t e  o f  
change o f  output, are al loued t o  e f f e c t  these ra t ios .  

The bas i c  e q u a t i o n  f o r  manu fac tu r i ng  uages has a dependent variable, AM, ( f o r  
Adjusted Wages) composed as fo l lous :  

+ The r a t e  o f  change o f  compensation per man hour 
- The r a t e  of  change o f  M2 t o  GNP i n  constant p r i ces  (GNPS) - The r a t e  of  change o f  aggregate p roduc t i v i t y  (GNPSIEMPLOYMENT) 
averaged over the  th ree preceding years. 
Bas ica l ly  AU i s  the  hourly compensation - i nc lud ing  a1 1 f r i n g e  b e n e f i t s  -- Less 

the excess o f  money grouth over rea l  grouth, less  p roduc t i v i t y  grouth. AU should d i f f e r  
from zero only by t rans ient  factors.  The ones we have included are the  Lagged values o f  
t h e  f i r s t  d i f f e r e n c e  o f  t h e  r a t e  o f  change o f  MZ/GNPS (S = i n  constant prices), the 
excess o f  the ra te  of  change of  import p r i ces  over the r a t e  o f  change o f  MZIGNPS, t h e  
r a t e  o f  change o f  t h e  s o c i a l  secur i ty  tax  rate, and the  r a t e  of  change of the minimum 
uage. I f  no const ra in ts  are put on the coe f f i c i en t s  o f  the Last t uo  variables, they may 
we l l  not  be t ransients.  Also, i f  an in tercept  i s  a l l o u e d  i n  t h e  equation, i t  i s  n o t  
t r a n s i e n t .  Consequently, i n  the  equation used, ue have imposed the const ra in ts  o f  no 
in tercept  and zero sun f o r  the coe f f i c i en t s  o f  changes i n  t h e  s o c i a l  s e c u r i t y  t a x  and 
minimum uages. Figure 3 shous the equation estimated w i th  these constraints; Figure 4 
shous i t  estimated u i t hou t  the constraints. O f  course, the f i t  u i t h o u t  c o n s t r a i n t s  i s  
t h e  c loser .  I n  t h i s  case, i t  i s  considerably better.  But i f  ue use it, ue m i l l  f i n d  
t ha t  a change i n  the  minimum uage causes a change i n  the  R v e l o c i t y  of  money, c o n t r a r y  
t o  a l l  past  experience. Here we have a good example o f  a case i n  uhich ue have t o  g i ve  
up closeness o f  f i t  i n  the  h i s t o r i c a l  per iod i n  order t o  g e t  a f o r e c a s t i n g  model u i t h  
p laus ib le  macroeconomic properties. 

There i s  n o t  space here t o  cons ide r  i n  d e t a i l  t h e  o t h e r  components o f  income. 
Suf f ice  i t  t o  say t ha t  the manufacturing wage i s  the main determinant  o f  t h e  a b s o l u t e  
l e v e l  o f  uages. Return  t o  c a p i t a l  depends on t h e  p r i c e  index f o r  c a p i t a l  goods, 
unemployment rates, capacity u t i l i z a t i o n ,  imports r e l a t i v e  t o  domestic demand, i n t e r e s t  
rates, and a feu fac to rs  pecu l ia r  t o  p a r t i c u l a r  industr ies.  

3. Long-term i n f l a t i o n  r a t e s  should be passed on t o  Long-term in te res t  r a tes  a t  
Least p o i n t - f o r - p o i n t ,  perhaps more, because o f  taxes. Because o f  t h i s  concern, 
Long-term i n t e r e s t  ra tes  are  primary i n  t h i s  model. They are someuhat inf luenced a l so  
by monetary condit ions. Short-term ra tes  are determined r e l a t i v e  t o  long-term rates,  
u i t h  monetary condi t ions p lay ing a major role. 



+ THE S A V I N G  RATE 
NV = 6 SEE = 0.4650 RSPR = 0.8439 RBARSPR = 0.7815 

RHO -0.056 DY = 2.111 AAPE= 5.18 
VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL 
INTERCEPT 4.828875 4.63 0.718 53.05 
IIUNEMPCT-1) 1.943586 1.15 0.092 4.03 
1 /UNEMP(T-2) 1.921692 1.07 0.091 3.53 
(PC INCOME)++3 0.011733 5.19 0.060 63.72 
TRANSFERSIDY -11.592780 -2.61 -0.209 19.47 
AUTOSIDY -81 .I74058 -8.02 -0.426 123.96 
SAVRAT(T-1) 0.669327 5.50 0.674 69.98 
SAVRAT(T-1) 0.669327 5.50 0.674 69.98 
SAVRAT DEPENDENT VARIABLE - - - - - - 
DATE ACTUAL 

IS + 
5.60 
6.30 
6.03 
5.41 
6.72 
7.09 
7.01 
8.10 
7.08 
6.36 
8.04 

PREDIC 
I S  + 
5.62 
5.77 
5.90 
5.30 
7.12 
7.11 
7.12 
7.31 
7.87 
7.30 
7.66 

MISS 
I S  A-P 

-0.03 

I S  + I S  + I S  k P  t t t t 

5.222 5.950 6.678 7.407 8.135 
FIGURE 2 



ANNUAL MONEY WAGE EQUATION BASED ON THE RATIO OF M2 TO REAL 
** CONSTRAINED TO HAVE ONLY TRANSIENT EFFECTS ** 

NV = 10 SEE = 1.6090 REQR = 0.6758 RBARSQR = 0.3515 
RHO = 0.536 DW = 0.928 AAPE = 83.76 

VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL 
FDPCMGCT-1) -0.531292 -1.81 -0.168 12.89 
FDPCMGCT-2) -0.293239 -1.12 -0.130 5.09 
FDPCMG(1-3) -0.187828 -0.73 -0.127 2.23 
PCSOCR 0.056801 0.76 0.454 2.40 
PCSOCRCT-1) 0.028646 0.41 0.256 0.69 
PCSOCRCT-2) -0.083733 -1.18 -0.739 5.67 
PCPIM 0.093172 1.33 0.445 7.14 
PCPIMCT-1) 0.113217 1.54 0.391 9.45 
PCMINCT-1) 0.0999n 1.44 1.280 8.34 
PCMINCT-2) -0.021352 -0.35 -0.256 0.50 
PCMINCT-3) -0.065716 -0.99 -0.698 4.02 
ADJ WAGES MFG DEPENDENT VARIABLE - - - - - - 

GNP 

DATE ACTUAL PREDIC MISS 
I S  I S  + I S  A-P t 

I S  + I S  + I S  A-P * t 

Figure  3 



ANNUAL MONEY YAGE EQUATION BASED ON THE RATIO OF PR TO REAL 
NV = 11 SEE = 1.0573 RSQR = 0.8600 RBARSQR = 0.6888 

RHO = 0.394 DY = 1.212 AAPE = 54.81 
VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL 
INTERCEPT -3.741 214 -2.67 -6.584 33.86 
FDPCMGCT-1) -0.654381 -2.92 -0.207 39.52 
FDPCMG(T-2) -0.346038 -1.65 -0.153 14.09 
FDPCMG(T-3) -0.300434 -1.49 -0.202 11.70 
PCSOCR 0.167495 2.19 1.360 23.85 
PCSOCR(1-1) 0.164729 2.14 1.471 22.79 
PCSOCR(T-2) -0.011015 -0.15 -0.097 0.13 
PCPIM 0.090370 1.67 0.432 14.44 
PCPIM(T-1) 0.155562 2.69 0.537 34.21 
PCMIN(T-1) 0.206602 3.27 2.645 48.01 
PCMIN(T-2) 0.103605 1.74 1.260 15.67 
PCMINCT-3) 0.054513 0.90 0.579 4.42 
ADJ UAGES MFG DEPENDENT VARIABLE - - - - - - 

GNP 

DATE ACTUAL PREDIC M I S S  
I S  I S  t I S  A-P 

-0.36 
-0 -33 

-0.49 
-0.69 

1.35 
I S  A-P 

-3.890 -1.992 -0.093 1.805 3.703 



The t a b l e s  a t  t h e  end o f  t h i s  paper show 8 o f  t h e  s e v e r a l  hundred pages  o f  
p r i n t i n g  p r o d u c e d  b y  t h e  model. These 8 have been s e l e c t e d  t o  emphasize t h e  macro 
aspec ts  o f  t h e  model, e s p e c i a l l y  t h o s e  c u n c e r n i n g  income, f o r  t h e y  a r e  t h e  r e c e n t  
add i t i ons .  Page S-3 shows t h e  GNP accounts i n  cons tan t  1972 d o l l a r s .  The addenda shows 
a number o f  o t h e r  macro  v a r i a b l e s ,  such as t h e  unemployment rate, t h e  index o f  h o u r l y  
labor  compensation, M2, t h e  AAA c o r p o r a t e  bond rate. Page S-7 shows a number d e f l a t o r s ,  
indexes o f  h o u r l y  compensation, energy pr ices,  and f i n a n c i a l  va r iab les .  Page S-9 g i v e s  
t h e  r e l a t i o n  b e t w e e n  GNP and  p e r s o n a l  income; Page S-11 shows t h e  compos i t i on  o f  
pe rsona l  income and i t s  r e l a t i o n  t o  d isposab le  income. Page S-13 shows t h e  r e c e i p t s  and 
expend i tu res  o f  t h e  f e d e r a l  government; Page S-15 shows t h e  same f o r  s t a t e  and  L o c a l  
governments. 

Up t o  t h i s  p o i n t  a l l  o f  t h e  t a b l e s  cou ld  have come f rom any wel l -developed macro 
model. The p o i n t  here, however, i s  t h a t  t h e y  are, i n  f a c t ,  an  i n t e g r a l  p a r t  o f  a 
c o m p r e h e n s i v e  i n p u t - o u t p u t  model. Uage and s a l a r y  d i s b u r s e m e n t s  on page S-11, f o r  
example, do no t  come f rom a s i n g l e  macro equation, b u t  f rom compensation o f  employees i n  
46 d i f f e r e n t  i n d u s t r i e s .  These t a b l e s  a r e  summaries o f  t h e  model, n o t  c o n t r o l s  o n  i t .  
The f a c t  t h a t  we a r e  d e a l i n g  w i t h  an inpu t -ou tpu t  model appears p l a i n l y ,  on pages 5-37 
and S-32 u h e r e  we see t h e  i n d u s t r y  o u t p u t s .  

The numbers i n  t h e s e  t a b l e s  show t h e  economy i n  1982 and t h e n  1985 ana 1990 under 
f o u r  d i f f e r e n t  assumptions. The "Base" case was o u r  b e s t  judgment i n  June o f  1982. A t  
t h a t  t i m e  we expected t h a t  t h e  1983 income t a x  cut, though a l ready  enacted, would no t  go 
i n t o  e f f e c t .  I t  now appears t h a t  i t  w i l l ,  bu t  t h a t  t h e r e  w i l l  be o f f s e t t i n g  inc reases  
i n  o t h e r  taxes. Ue have no t  y e t  pu t  t h e  new b i l l  i n t o  t h e  model. 

Against  t h i s  base forecast ,  we r a n  t h r e e  a l t e r n a t i v e  assumptions. 
REBATE -- a f i v e  percent  r e d u c t i o n  i n  t h e  f e d e r a l  income t a x  r a t e  
INCDEF - an inc rease  i n  defense spending o f  820 - 825 b i l l i o n  

per  year  ( c u r r e n t  p r i c e s )  beg inn ing  i n  1984. 
INCTRP -- an inc rease  i n  t r a n s f e r  payments by 820 b i l l i o n  per  year  

per  year  a f t e r  1984. 

A L L  t h r e e  a l t e r n a t i v e s  have approx imate ly  the  same i n i t i a l  cos t  t o  t h e  government .  
And a 1  1 t h r e e  have a b o u t  t h e  same i m p a c t  on  unemployment  i n  1985 and 1990; i n  t h e  
L a t t e r  year  t h e  a l t e r n a t i v e s  Lower unemployment f rom about 4.1 p e r c e n t  i n  t h e  base  t o  
3.8 i n  t h e  a l t e r n a t i v e s .  L i k e w i s e ,  t h e  r e a l  GNP i s  v e r y  s i m i l a r  i n  1972 B. The 
m u l t i p l i e r  i s  c l e a r e s t  f o r  t h e  i n c r e a s e d  de fense .  I n  1990, t h e  i n c r e a s e  i n  d e f e n s e  
s p e n d i n g  b e t w e e n  BASE and INCDEF i s  8.3 b i l l i o n  1972 d o l l a r s .  The GNPS inc rease0  by 
o n l y  7.0 b i l l i o n ,  so t h e  m u l t i p l i e r  i s  l e s s  t h a n  1, though s t i l l  c o n s i d e r a b l y  above 0, 
w h i c h  must c e r t a i n l y  be i t s  u l t ima te ,  Long-run value. The t a x  cu t  and the  inc rease  i n  
t r a n s f e r s  have almost e x a c t l y  t h e  same e f f e c t  on r e a l  GNP and employment, but  not  on t h e  
budget d e f i c i t .  The t a x  cu t  i s  c o s t i n g  $7 b i l l i o n  more i n  1990 than  i s  t h e  i n c r e a s e  i n  
t r a n s f e r s .  The i n c r e a s e  i n  defense i s  between these two i n  i t s  impact on the d e f i c i t .  
Labor compensation i s  inc reased  8 38 b i l l i o n ,  o r  1 percent, more by i n c r e a s i n g  d e f e n s e  
t h a n  by  t h e  o t h e r  t u o  a l t e r n a t i v e s .  Consumer p r i c e s ,  however, were a l s o  1 percent  
h i g h e r  i n  t h i s  a l t e r n a t i v e ,  so t h e r e  was n o  i n c r e a s e  i n  p u r c h a s i n g  power. P e r s o n a l  
c o n s u m p t i o n  e x p e n d i t u r e s  a r e  e s s e n t i a l l y  t h e  same f o r  INCDEF as f o r  t h e  base case. 
Output o f  d u r a b l e  goods were one percent  h i g h e r  under t h e  inc reased  d e f e n s e  a s s u m p t i o n  
t h a n  under t h e  o t h e r  two; i n  o t h e r  areas, o u t p u t s  a r e  v i r t u a l l y  i d e n t i c a l .  

These r e s u l t s  a r e  f r a n k l y  somewhat p u z z l i n g  t o  me. They seem t o  say t h a t  over  a 
p e r i o d  as long  as e i g h t  years and i n  an economy as t i g h t  as  f o u r  p e r c e n t  unecp loyment ,  
we can s t i l l  have more o f  bo th  guns and bu t te r ,  o r  by  c u t t i n g  taxes  and runn ing  d e f i c i t s  



we can s t i l l  i n c r e a s e  r e a l  o u t p u t .  I am aware t h a t  many do n o t  f i n d  t h i s  r e s u l t  
su rp r i s ing ;  i t  i s  n o t  unusual f o r  t h e  macro models t o  show Long-run m u l t i p l i e r s  as h i g h  
as two o r  three. Our r e s u l t s  a r e  more sens ib le  than  that, b u t  1 s t i l l  t h i n k  we need a  
c a r e f u l  r e v i e w  o f  t h e  e l e m e n t s  i n  t h e  model t h a t  p u t  on t h e  brakes as i t  nears f u l l  
employment. 

D i r e c t i o n s  o f  Work on t h e  US Model ------ .......................... 
We a r e  work ing  on t h e  US model i n  several  d i r e c t i o n s .  F i rs t ,  f rom t h e  programming 

side, we a r e  redes ign ing  t h e  way i t  takes i t s  s t a r t i n g  i n f o r m a t i o n  so t h a t  i t  can s t a r t  
i n  any y e a r  f o r  w h i c h  we have  e i t h e r  h i s t o r i c a l  d a t a  o r  a  p rev ious  fo recas t .  Th is  
c a p a b i l i t y  wou ld  be u s e f u l  b o t h  f o r  h i s t o r i c a l  s i m u l a t i o n s  and t e s t s  and a l s o  f o r  
r u n n i n g  a l t e r n a t i v e s  t h a t  do n o t  d i f f e r  f rom one another u n t i l  some f u t u r e  year. A t  
present, t h e  model always begins i n  1977, t h e  base y e a r  o f  t h e  t a b l e ,  a l t h o u g h  much 
a c t u a l  d a t a  i s  r e a d  i n  u p  t h r o u g h  1981. T h i s  a b i l i t y  i s  common i n  macro model 
s i m u l a t i o n  programs, such as our  LS package. The c o r e  o f  t h e  I n f o r u m  m o d e l ' s  L o g i c  
d a t e s  back  p r i o r  t o  d i s k  hardware, and t h i s  shortcoming i s  a  remnant o f  those days. I t  
i s  h i g h  t i m e  we g o t  r i d  o f  it. 

Secondly, we a r e  conver t ing  t h e  200-sector model t o  have a l l  t h e  same income s i d e  
as  does t h e  7 8 - s e c t o r  model d iscussed here. We a r e  a l s o  work ing on t h e  c a l c u l a t i o n  o f  
o u t p u t s  f o r  400 p roduc ts  v i a  a  " s k i r t "  on t h e  200 sec to r  model. T h i r d l y ,  a  p r o j e c t  o n  
t h e  r o l e  o f  monetary and f i n a n c i a l  v a r i a b l e s  i n  t h e  model i s  underway. And f i n a l l y ,  ue 
a re  improv ing  t h e  f e d e r a l  government sec to r  t o  make i t  e a s i e r  t o  p u t  i n  changes i n  t a x  
p o l i c i e s  t h a t  change t a x  r a t e s  d i f f e r e n t l y  a t  d i f f e r e n t  Levels o f  income. Needless t o  
say, we a r e  a l s o  v e r y  much concerned w i t h  d e v e l o p i n g  new s p e c i f i c  a p p l i c a t i o n s  f o r  
i n d i v i d u a l  c l i e n t s .  



P a g e  S - 3 .  G r o s s  n a t i o n a l  p r o d u c t  ( 1 9 7 2 s ) .  
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P a a e  S - 1 1 .  P e r s o n a l  i n c o m e  - s o u r c e s  a n d  d i s n o s i t i o n .  
( BASE) ( BASE1 (REBATE) (INCDEF) (INCTRP) I BASE) ( R E B A ~ I I N C D E F )  IINCTRP) 

1982 I983 1905 I985 I983 1990 1990 1990 1990 

nap. and s.1.r~ dlsbursm*nts 1629 92 215848 2167 22 2183.84 2166 91 3269.14 3267.86 3299 81 3267.68 
Other labor Inrom. 159. 45 212. 1 1  213 W 214. 97 213 06 323 75 323.61 327. 24 323. 59 

R.nt.1 incom. or p.r.ons u. CCADJ 31 74 31. 03 31.83 31. 93 31. 81 36 00 36. 92 37. 78 36 96 
Dividands 7168 10414 10485 104.67 104.88 17897 18041 180.W 18046 
P.r.on.1 Intar-at Incorm 332. 58 4%. 40 490. 77 498. 53 490. 22 756. 33 772. 51 780. 40 770 23 

Tr.n.r.r poyrmnts 364 07 486 80 484 61 487 69 307 44 749 27 746 97 752 32 778 16 
F.d.r.1 299 63 400 03 398 17 400 72 421 04 616 44 614 21 618 62 643 42 
Btot. and local 52 19 71 81 71 73 72 18 71 70 113 59 113 41 114 27 113 37 
B~sInmss trans?mr paymmnts 12 23 14 96 14 71 14 79 14 70 19 24 19 33 19 43 19 24 

Error -42. 00 -30 60 -30 60 -30. 60 -30. 60 0. 00 0 00 0. OD 0. OD 

- Porson.1 Outlays 
Consumption *xp.ndltur.s 2014 37 2648. 64 2665. 32 2667 49 2665. 66 4070 69 4087 09 4101. 76 4087.24 
Intorest pald b y  rDnmum.rs to 54. 56 68. 79 69 07 69. 63 68. W I02 45 102. 10 I03 00 102 12 

bus1n.ss.s 
P.r.on.1 transrer Payment. to I. 69 2. 42 2. 42 2. 42 2. 42 3 M 3 65 3 65 3. 63 

?or.ipn.rs ( n e t )  

--  P0rson.l Savinsl 147.03 24868 265 I2 26486 26037 39525 423.09 419.32 41800 

ADDENDA. 

D~spo.abl. Incoa. 11972s). Total 1088. 03 1189. 51 1204. 79 1197. 98 1203 31 1348. 58 1363 91 1356 73 1362. 13 

Per capit. 4692. 82 4989. W 3033 67 5023. I0 5047. 43 5413 82 5473 33 3446. 60 3468. 19 

Population (rid-pried, nillimns) 231. 85 238. 40 238 40 238. 40 238 40 249 10 249. 10 249. 10 249 10 

P.rson.1 savinps as X or disposabl. 6 63 8. 39 8 84 8. 83 8. 70 8. bb 9. 24 9 08 9 00 
p.r.on.1 ~nron. I1.s. 1nt.rm.t 
paid to bumbn.s. and trans?.r 
paym.nts to *or.lpn.rsl 

Fod.r.1 D.Qlrlt. NIPA -83 33 -74 57 -96 15 -96 08 -93. 26 -32 23 -97 23 -92. 01 -90 72 



P a g e  S-13 .  F e d e r a l  o o v e r n m e n t  r e c e i p t s  a n d  e x p e n d i t u r e s .  - -- - 
I BASE)  I BASE)  (REBATE)  ( INCOEF)  I IHCTRPI ( BASE1 (REBATE)  ( INCDEF)  ( INCTRPI 

1 9 8 2  1985 1985  1985  1 9 8 5  1990  1990  1990  1990 

P.r.on.1 tan and non-tax r.celpts 
Corporat. prof l ts  taI 
Indlrsct  busln*ss tan and 

nont.~ acc rua ls  
Contr lbut lonm for socla l  Insurance 

Nond.f.ns. 
Corp.ns.tlon o f  erplny... 
Other 

To p.r.ons 
Old a#. b.n.fltm 
Ho.pltal C redlcal  
Un.mployn.nt 
Retlrem.nt. Fed c lv C RR 
Vet 11f- 1n.ur.rorbmmn romp 
nl l l tary r.tlr.m.nt 
V.t.r.n. b.n.fltm 
Food stmrps 
Other 

Surplus or  0.ficlt ( - ) .  NIP* 
SocIa1 Inmurmnc. fund. 
Other funds 



P a p e  S - 1 5 .  S t a t e  a n d  L o c a l  g o v e r n m e n t  r e c e i p t s  a n d  e x p e n d i t u r e s .  
1 BASE) ( BASE) (REBATE)  I INCOEF) ( INCTRP) I BASE) (REBA(;)(INCOEF) ( INCTRP) 

RECEIPTS 466.31 6 1 4 4 6  6 1 7 . 0 0  6 1 9 7 0  618 .13  9 2 4 4 6  926 .73  931 .97  9 2 8  17  

P.rson.1 tan and nonta. recmipts 
Corporat. pro?l ts tan 
Indirmct busin... tan and nontan 

.ccru.1. 
Contributions ?or mocial insuranc 
Federal  grants-in-.Id 

EXPENDITURES 

Transfer payments to per~on. 
From moci.1 insurance tvnds 
Dir-ct re l ie? 
Other 

Net intarest paid 
1nt.rm.t paid 
1nt.re.t r.c.iv.d 

Subsidles less curr.nt surplus -4 7 5  0 4 7  0 5 7  0.  6 4  0 .  W 12. 14  12. a 12. 3 0  12. 2 5  
O? gowt .nt.rprlsss w 

P 
Burplu. or de?icit I - )  2 4  9 3  10. 71 13. 3 7  13. 9 3  14 4 6  -28. S6 -24. 69 -23 96 -22 7 4  

8oci.l insur.nc. ?unds 51 2 0  77. 9 3  78. 3 7  79. 2 3  78. 5 3  I M  5 3  153. 11 155. 4 4  1 W  06 
0th.r funds -26. 2 7  -67. 22 -65 2 0  -65. a9 -64. 06 -179. 09 -177. 80 -179. 4 0  -175. 80 






































































































































































































































































































































































































































































































































































































































































































